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Polypeptides. Part 111. The Synthesis of the C-Terminal Tetrapeptide 
Sequence of Gastrin, its Optical Isomers, and Acylated Derivatives 

By (Miss) J. M. Davey, A. H. Laird, and J. S. Morley 

T h e  synthesis is described, by various routes, of L-trytophyl-L-methionyl-L-aspartyl-L-phenylalanine amide, and 
various acy lated derivatives of this te t rapept ide arnide and of i ts D,D,D,D-, D,L,L,L-, L,D,L,L-, L,L,D,L-, L,L,L,D- 
L,D,D,D-, L,L,D,D-, D,L,D,D-, and D,D,L,L-isomers. 

FOLLOWING the isolation, from hog antral mocosa, of 
the heptadecapeptide amides, gastrin I and I1 (which 
are believed to be related to the hormone which is 
released from the antral mucosa during digestion) by 
Gregory and Tracy,2 the structures of these peptides 
were elucidated by Gregory, Hardy, Jones, Kenner, 
and S h e ~ p a r d , ~  and their total synthesis was accom- 
plished by Anderson, Barton, Gregory, Hardy, Kenner, 
MacEeod, Preston, Sheppard, and M ~ r l e y . ~  In an 
associated study, Tracy and Gregory described the 
physiological properties of a series of synthetic peptides 
structurally related to  gastrin I and showed that of 
the 17 amino-acid residues of  the molecule, only the 
C-terininal tetrapeptide amide sequence, 
Tr~-*R/Iet*Asp*Phe*NH, (which is found in both gastrins) 
was required for the whole range of physiological actions 
on gastric and pancreatic gland-cells and on the gastro- 
intestinal musculature displayed by the natural hor- 
mones. Structure-function relationships in the C- 
terminal tetrapeptide amide sequence were subsequently 
described by Morley, Tracy, and Gregory.6 The present 
Paper gives details of the synthesis of the tetrapeptide 
arnide, and of various acylated derivatives of the tetra- 
peptide amide and its optical isomers. Subsequent 
Papers in this series will deal with the synthesis of 
analogues. 

Various problems were presented in the synthesis of 
the tetrapeptide amide due to  the simultaneous presence 
of tryptophyl, methionyl and aspartyl residues. The 

* Part  11, P. 11. Bentley and J .  S. hforley, J .  Chem. Soc., (C), 
1966, 60. 

R. A. Gregory and H. J .  Tracy, Gut, 1964, 5, 103. 
H. Gregory, P. 31. Hardy, D. S. Jones, G. W. Kenner, and 

13. C. Sheppard, A'atrtre, 1964, 204, 931. 
J. C. Anderson, XI. A. Barton, R. A. Gregory, P. M. Hardy, 

G. 1%'. Kenner, J .  I<. MacLeod, J .  Preston, K. C .  Sheppard, ant1 
J. S. Morley, A'atztve, 1964, 204, 933. 

6 II. J.  Tracy and R. A. Gregory, Natzcre, 1964, 204, 935. 

removal of protecting groups from methionine-containing 
peptides by hydrogenolysis (see, however, Medzihradszky 
and Medzihradszky 7), strongly acidic reagents, or re- 
ducing agents is generally unsatisfactory,s so we chose the 
t-butoxycarbonyl- and o-nitrophenylsulphenyl-  group^,^ 
both of which may be removed under mild acidic con- 
ditions, for N-protection of this amino-acid. We also 
wished to avoid the saponification of aspartyl ester 
residues in the synthesis since this may be accompanied 
by transpeptidisation.lO 

We initially chose a stepwise procedure (Scheme 1) 
in which the aspartic p-carboxylic group was protected 
as a t-butyl ester and the methionine nitrogen was pro- 
tected with the o-nitrophenylsulphenyl group to  allow 
selective cleavage of the latter. p-t-Butyl-N-benzyl- 
oxycarbonyl-L-aspartate (I) and L-phenylalanine amide 
(11) were coupled by the mixed anhydride route or by 
means of NN'-dicyclohexylcarbodi-imide (DCC1) , and 
the product (111) was hydrogenated, yielding (9-t-buty1)- 
L-aspartyl-L-phenylalanine amide (IV). This with K- 
(o-nitrophenylsulphenyl) -L-methionine (V) and DCCI 
gave the o-nitrophenylsulphenyl-tripeptide derivative 
(VI), from which the amino-protecting group was readily 
removed, without cleavage of the t-butyl ester group, b y  
treatment at 0" with two equivalents of dry hydrogen 
chloride in chloroform. Further coupling of the result- 
ing tripeptide derivative (VII) with N-t-butoxycarbonyl- 
L- t ryp t ophan 2,4,5-t richlorophen yl ester (VI I I) gave the 

J .  S. Norley, H. J .  Tracy, and I<. A. Gregory, Kutiive, 1965, 
207, 1356. 

' K. hIedzihradszkj7 and H. Medzihradszky, Proc. Seventh 
European Peptide Symp., Budapest, Sept. 1964, Acta Chiruz. Acud .  
Sci. Hztng., 1965, 44, Id .  

Scc references cited by B. Iselin, Helv. Chiwt. Acta,  1961, 44, 
61. 

L. Zervas, D. Borovas, and E. Gazis, J .  Anaev. Chmz. SOC., 
1963, 85, 3660. 

lo Scc J .  Rudinger, Coll. Czech. Chew.  Comnz., 1959, 24, 101. 

D
ow

nl
oa

de
d 

by
 U

ni
ve

rs
ity

 o
f 

W
is

co
ns

in
 -

 M
ad

is
on

 o
n 

17
 J

ul
y 

20
12

Pu
bl

is
he

d 
on

 0
1 

Ja
nu

ar
y 

19
66

 o
n 

ht
tp

://
pu

bs
.r

sc
.o

rg
 | 

do
i:1

0.
10

39
/J

39
66

00
00

55
5

View Online / Journal Homepage / Table of Contents for this issue

http://dx.doi.org/10.1039/j39660000555
http://pubs.rsc.org/en/journals/journal/J3
http://pubs.rsc.org/en/journals/journal/J3?issueid=J31966_0_0


556 J. Chem. SOC. (C), 1966 

N-t-butoxycarbonyl-tetrapeptide amide t-butyl ester 
(IX). Treatment of the latter with trifluoroacetic acid 
or hydrogen chloride-acetic acid gave salts of the well- 
charac t erised L-t ryp t ophyl-L-me t hion yl-L-aspartyl-L- 
phenylalanine amide (X). It may be noted that whilst 
N-(o-nitrophenylsulphen yl) -L-tryptophan and the tri- 
peptide derivative (VII) gave the N-(o-nitrophenyl- 
sulphen yl) -te trapep t ide amide t-bu t yl ester, selective 
cleavage of the iiitrophenylsulphenyl group of the product 
was not achieved. Reasons for this failure have been 
previously commented upon.ll However, the t-butyl 
ester of (X) was prepared in moderate yield by selective 
cleavage of the t-butoxycarbonyl-tetrapeptide amide 
t-butyl ester (IX) (details will be published elsewhere). 

Four other routes to the tetrapeptide arnide (X) were 
subsequently developed. The preferred route (Scheme 
2), which gave excellent yields of pure intermediates and 
product on the large scale, was again a stepwise pro- 
cedure, but the use of a protecting group for the aspartyl 
p-carboxyl was avoided. This procedure, which has 
also recently been applied successfully in the synthesis of 
eledoisin,12 was made possible by the use of active ester 
couplings in the presence of exactly one equivalent of a 
tertiary base (usually triethylamine). N-Benzyloxy- 
carbon yl- ( p-benz yl) -L-aspar t yl-L-phen ylalanine amide 
(XII) was prepared from a-2,4,5-trichloroplienyl p- 
benzyl AT-benzyloxycarbonyl-L-aspartate (XI) and L 
phenylalanine amide (11) (other coupling procedures 
are also described in the Experimental section) and 
then hydrogenated to give L-aspartyl-L-phenylalanine 
amide (XIII). This coupled readily with N-t-butoxy- 
carbonyl-L-methionine 2,4,5-trichlorophenyl ester (XIV) 
in aqueous dimethylformamide in the presence of 
exactly one equivalent of triethylamine (alternatively, 
salts of L-aspartyl-L-phenylalanine amide could be 
employed with 1-8-2 equivalents of triethylamine) to 
give, after acidification, N-  t -but ox ycarbon yl-L- 
methionyl-L-aspartyl-L-phenylalanine amide (XV) , from 
which the N-protecting group was removed by treat- 
ment with cold 80% aqueous trifluoracetic acid or 
hydrogen chloride-acetic acid. The resulting salts of 
L-methionyl-L-aspartyl-L-phenylalanine amide (XVT) 
were coupled with AT-t-butoxycarbonyl-L-tryptophan 
2,4,5-trichlorophenyl ester (VII) in aqueous dimethyl- 
formamide in the presence of 1.8-2 equivalents of 
triethylamine and the butoxycarbon yl-te trapept ide 
amide (XVII) was converted to the tetrapeptide amide 

A third route (Scheme 3) also employed a stepwise 
synthesis, but started from L-phenylalanine methyl 
ester (XVIII). By methods similar to these described 
in Scheme 2 for L-phenylalanine amide, this was con- 
verted, via the protected derivative (XIX), into L- 
aspartyl-L-phenylalanine methyl ester (XX) . As ex- 
pected, this gave mainly the piperazine (XXI) after 
treatment with methanolic ammonia, but condensation 

(X) - 

11 J. C. Anderson, M. ,4. Barton, P. M. Hardy, G. W. Kcnncr, 
J. I<. MacLcod, J .  Preston, K. C. Sheppard, and J.  S. Morley, 
Acta Chim. Acacl. Sci. Hung., 1966, 44, 157. 

with A T -  t-but ox ycarbon yl-L-me thionine 2,4,5-trichloro- 
phenyl ester (XIV) gave the butoxycarbonyl-tripeptide 
ester (XXI), which was smoothly converted into the 
corresponding amide (XXII). The synthesis then pro- 
ceeded as in Scheme 2. L41ternatively, treatment of the 
butoxycarbonyl-tripeptide ester (XXI) with hydrogen 
chloride in acetic acid gave the tripeptide ester (XXIII) 
as its hydrochloride, and this with N-t-butoxycarbonyl- 
L-tryptophan 2,4,5-trichlorophenyl ester (VIII) in di- 
methylformamide and triethylamine (2 mol.) gave 
the butoxycarbonyl-tetrapeptide ester (XXIV). 
L4minonolysis of this was again smooth, giving the 
butoxycarbonyl amide (XVII) and thence the un- 
protected amide (XVII). 

The other two routes employed azide couplings of 
N-t-butoxycarbonyl-L-tryptophyl-L-methionyl azide 
(XXIX) with either L-aspartyl-L-phenylalanine amide 
(XIII) (Scheme 4) or methyl ester (XX) (Scheme 5).  
The latter route was initially developed by Professor 
G. lF7. Kenner and his co-workers a t  Liverpool University 
and will be described elsewhere. In Scheme 4, N-t- 
butoxycarbonyl-L-tryptophan (XXV) and L-methionine 
methyl ester (XXVI) gave, by two methods, N-t-but- 
oxycarbon yl-L-tryptophyl-L-me t hioniiie methyl ester 
(XXVII) and thence the hydrazide (XXVIII). This 
was best converted into the azide (XXIX) by the 
Rudinger method l3 (other methods led to partial oxid- 
ation of the methionine sulphur). Coupling of the azide 
(XXIX) with the dipeptide amide (XIII) then gave the 
butoxycarbonyl-tetrapeptide amide (XVII) . These 
two Schemes were frequently used in the preparation 
of analogues, but were inferior to Scheme 2 on the large 
scale. 

In  the synthesis of optical isomers, D,D-, L,D-, and 
D,L-aspartylphenylalanine amide were first prepared 
by the method described for the L,L-isomer, using the 
appropriate L- or D-amino-acids. The D,D- or L,L- 
isomers were converted into the butoxycarbonyl deriv- 
atives of the D,D,D,D-, L,D,D,D-, D,L,D,D-, L,D,L,L-, 
D,L,L,L-, D,D,L,L-tetrapeptide amide using Scheme 2 
and the appropriate L- or D-amino-acids. The L,L,D,L-, 
L,L,L,D-, and L,L,D,D-isomers were prepared by coupling 
N-  t-but oxycarbon yl-L-trypt ophyl-L-met hion yl azide 
(XXIX) with L- or D-aspartyl-L- or D-phenylalanine 
amide (Scheme 4). 

In general, biological activity is preserved or increased 
by acylation of the tryptophan cc-nitrogen.6 A variety of 
AT-acylated derivatives were prepared by direct acylation 
of the all L-tetrapeptide amide (X) trifluoroacetate or 
hydrochloride (usually employing an active ester of the 
appropriate acid and two equivalents of triethylamine). 
Details of these are given in the Experimental section. 
The activity of one of the acylated derivatives, 
AT-t-butoxycarbonyl- p-alanyl-L-tryptophyl-L-met hionyl- 
L-aspartyl-L-phenylalanine amide (I.C. I. 50,123) was 
outstanding (of the same order of activity of gastrin on a 

l2  S. Bajusz, Acta Cliiwt. A c a d .  Sci. Himg., 1964, 42, 383. 
l3 J .  Honzl and J. Rudinger, Coll. Czech. Chem. Conznz., 1961, 

28, 2333. 
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simple weight-for-weight basis) ; 6, * this derivative was 
also prepared by coupling N-t-butoxycarbonyl- P-alanyl- 
L-t r ypt ophyl azide (XXX) with L-me t hion yl-L-aspart yl- 
L-phenylalanine amide (XVI), and by coupling N-t- 
butoxycarbonyl- p-alanyl-1;-tryptophyl-L-met hionyl 
azide (XXXI) with L-aspartyl-L-phenylalanine amide 
(XIII). 

EXPERIMEKT-4L 

Ascending, thin-layer chromatograms were run on Kiesel- 
gel-G using the solvent systems (RF*-II~~%) described in 
Part I1 of this series.1 Descending chromatograms were 
run on Whatman KO. 3 paper with butan-l-ol-acetic acid- 
water (4 : 1 : 5 v/v) (RFM) or butan-l-ol-acetic acid-water- 
pyridine (15 : 3 : 12 : 10) ( R p N ) .  Thin-layer electrophoresis 
(400 v., 6-40 ma., 3--8 hr.) was carried out in the Desaga 
apparatus using silica gel HF plates, and high-voltage paper 
electrophoresis ( 5  lw,, $0-80 ma.., 15-50 min.) in the 
LoCarte apparatus using Whatman 3M paper: at p H  1.9 
(El.g) in pyridine-formic acid-water (5 : 15 : SO) ; at pH 
6.5 (E6.J in pyridine-formic acid-water (10 : 1 : 89) ; and 
a t  pH 8.0 (E8.0) in a mixture of 1% aqueous pyridine, 176 
aqueous collidine, and sufficient acetic acid to give pH 
8.0. El.9 (paper) = 0.62 x Phe-NH, indicates that on 
paper electrophoresis at pH 1.9 the substance migrates 0.62 
times the distance tha t  phenylalanine amide migrates. 
Spots were revealed by the methods previously described,l 
Ehrlich's reagent, and, in the case of thin-layer chromato- 
graphy, by incorporating a fluorescent indicator in the 
thin-layer (Kieselgel GF 254, Merck). Acid, alkali, or 
enzymic hydrolysates of peptides or peptide derivatives 
were prepared using Gr\.-hydrochloric acid (1 lOo/l6 hr.), 
5x-sodium hydroxide ( llOo/l6 hr.), or leucine amino- 
peptidase 1* (LAP), and the amino-acid composition of the 
hydrolysates was determined with a Beckman-Spinco Amino 
Acid Analyser, model 120B. Optical rotations were deter- 
mined with a Bendix NPL Automatic Polarimeter, model 
143C, with Digital Converter, model 154C. Evaporations 
were carried out under reduced pressure, usually a t  a bath 
temperature of 40-50" in a rotary evaporator. RI. p.s are 
uncorrected. 

Pvefiavation of Intevwaediates.--n- and L-PJm~ylalanine 
awzide (11). Ethyl chloroformate (94 ml., 1 mole) was added 
dropwise over 15 niin. a t  - 10" to a stirred solution of N- 
benzyloxycarbonyl-L-phenylalanine (299 g., 1 mole) l5 
and triethylamine (140 ml., 1 mole) in tetrahydrofuran 
(2 1.). The mixture was stirred a t  - 15 to - 10" for 20 min., 
then saturated below 0" with dIy ammonia. The reaction 
mixture was kept a t  20-22" overnight and then evapor- 
ated. The residue was stirred a t  40-50" with water (1 1.) 
and the insoluble solid was collected, after cooling, washed 
with water, and dried a t  40-60". A solution of the result- 
ing N-benzyloxycarbonyl-L-phenylalanine amide (249 g., 
84y0), m. p. 161-162", in 80% acetic acid (2 1.) was hydro- 
genated over 5% palladised charcoal (50 g.) a t  room temper- 
ature and pressure for 6 hr. The mixture was filtered 
(liieselguhr) and evaporated, and the resulting residue was 
crystallised from ethyl acetate, yielding L-phcnylalanine 
aniide acetate (143.4 g., 64y0), m. p. 116-117", 
+ 17.9" (G 2.0 in water). A solution of the acetate in water 
was shaken with DE-ACIDITE FF (OH form) (4 equiv.), 

* This and other active peptide derivatives arc covered by 
pending Patent applications in the name of Imperial Chemical 
Industries Limited. 

then filtered and evaporated, giving L-phenylalanine amide 
yield), in. p. 91-92", RFB 0.68, RFF 0.34. In  a 

similar manner, using N-benzylosycarbonyl-D-phenyl- 
alanine, there was obtained hT-benzyloxycarbonpl-D- 
phenylalanine amide, m. p. 162-163" (from ethyl acetate) 
(Found: C, 68.4; H, 6.0; N, 9.5. Calc. for Cl,H18K203: 
C, 68.4; H, 6-05; K, 9*4y0), and D-phenylalaninc amide 
acetate, m. p. 116-117", [ajDZ2 -18.0" (G 2.0 in water) 
(Found: c, 58.6; H, 7.4; N, 12-6. Cak. for CllH16S20,; 
C ,  59.0; H, 7-15; N, 12.50/,). 

(3-Benqi1 ;?;-benz~iloxq.caubon~il-D- and -L-aspavtate. S- 
Benzyloxycarbonyl-L-aspartic acid (267 g., 1 mole), p -  
toluene sulphonic acid hydrate (16 g.), benzyl alcohol (1.2 l .) ,  
and toluene (1.5 1.) were boiled under reflux for 1 hr., the 
water (37-39 ml.) formed during the reaction being re- 
moved continuously in a Dean and Stark assembly. The 
solvent and the excess benzyl alcohol were then removed 
rapidly a t  0.4-10 mni., and the residual oil was added to 
light petroleum (b. p. SO-SO') (1.5 l.), yielding crystalline 
dibenzyl AT-benzylosycarbonyl-L-aspartate (428 g., 96%), 
m. p. 61-62'. A vigorously-stirred solution of the diester 
(89.4 g., 0.2 mole) in commercial acetone (2 1.) and ice- 
water (500 ml.) was treated dropwise over 45-60 min. a t  
20-22" with a solution of lithium hydroxide hydrate (917;) 
(9.20 g., 0.2 mole) in water (200 ml.). The acetone was then 
removed rapidly in a rotary evaporator and the resulting 
aqueous solution was extracted twice with ether, freed from 
ether, and acidified with concentrated hydrochloric acid (20 
ml.) and ice. Light petroleuni (b. p. 40-60") (150 nil.) \\-as 
added and the solid (46-45 g., 65-67y0), m. p. 96-102', 
was collected, washed with water, and dried in vaczto. 
The products from five such runs were combined and crystal- 
lised from benzene (450 ml.), yielding pure (3-benzyl X- 
benzyloxycarbonyl-L-aspartate (193 g., 54y0), ni. p. 
107-108". In  a similar manner, N-benzyloxycarbonyl-D- 
aspartic acid gave dibenzyl N-ben%yloxycarbonyl-D-aspartafe, 
m. p. 62-63" (from cyclohexane) (Found: C, 70.2; H, 
5.6; N, 3.2. C,,H,,SO, requires C, 69.8; H, 5.6; K, 3 4 0 j ) ,  
and P-benqrl ~--ben~~lox~~caubonyl-D-aspal. tate,  ni. p. 107- 
108" (from benzene) (Found: C, 63-6; H, 5.4; K, 4.0. 
ClgH1,NO, requires C, 63.8; H, 5.3; K, 3.9%). 

a-2,4,5-Tric~~lovophenyl (3-benzjil N-benz3 l lox~cnubo i~~ l -~ -  
and -L-aspavtate (XI). A solution of p-benzyl S-benzyl- 
oxycarbonyl-L-aspartate (1786 g., 0.5 mole) and 2,4,6-tri- 
chlorophenol (108.6 g., 0-55 mole) in ethyl acetate (1260 ml.) 
was treated with _\rN'-dicyclohesylcarbodi-imide ( 103 g., 
0.5 mole) a t  0-5', and the mixture was stirred a t  0" for 
4 hr. Acetic acid (5.7 nil.) was then added, and stirring 
was continued at 20-22" for 15 min. The filtered solution 
was evaporated and the residue was dissolved in warm 
ethanol (1 I , ) ;  colourless needles of the L-isomer (235 g., 
8Sy0), in. p. 93-94", [xjD22 -22.1" (c 1.0 in dimethylform- 
amide) rapidly separated (lit.,16 gives in. p. 92"). The D- 
isonzer, prepared similarly, had ni. p. 90-92", [ E ] ~ ~ ~  + 22.5" 
(c 1.0 in dimethylformamide) (Found: C, 55.8; 13, 3.3; 
N, 2.9. C,,H20N0,C1, requires C, 55.S;  H, 3.7; N, 2.60/0). 

nT-t-Buto~ycarbo~z~il-D-tryptopha~~ nizd Z14,5-trichlovopJten~ll 
estev. This acid, m. p. 143-144" (decomp.), [x]D22 +lS.C," 
(c 2.0 in acetic acid) (Found: C, 63.3; H, 6.6; N, 9.2. 

1* I<, Hofmann, EI. Tajima, T.-T. Liu, K. Yanaihara, C. 
Panaihara, and J. L. Humes, J .  Anzer. Chem. SOG., 1962, 84, 
4481. 

1 5  W. Grassmann and E. Wiinsch, Chem. Bey . ,  1958, 91, 462. 
l6 J .  Pless and R. A. Boissonnas, HeZv. Chiwz. Actn. 1963, 46, 

1609. 

D
ow

nl
oa

de
d 

by
 U

ni
ve

rs
ity

 o
f 

W
is

co
ns

in
 -

 M
ad

is
on

 o
n 

17
 J

ul
y 

20
12

Pu
bl

is
he

d 
on

 0
1 

Ja
nu

ar
y 

19
66

 o
n 

ht
tp

://
pu

bs
.r

sc
.o

rg
 | 

do
i:1

0.
10

39
/J

39
66

00
00

55
5

View Online

http://dx.doi.org/10.1039/j39660000555


Org . 
C,,H,,N,O, requires C, 63 .1 ;  H, 6.6; N, 9 . 2 ? ; ) ,  and its 
2,4,5-trichlorophenyl ester, ni. p. 132-133", [0(]D28 $- 31.6" 
(c 1.0 in diniethylformamide) (Found: C, 54 .4 ;  H, 4 .4 ;  
N, 5.9.  C,,H,lC13N,04 requires C, 54 .6 ;  H, 4 .4 ;  N, 5.8%) 
were prepared by the methods described 1 for the L-isomers. 

N-t-Butoxycarbonyl-mmefhionine and 2,4,5-trichlorophen~~1 
ester. This acid (an oil) and its 2,4,5-fviclzlorophenyl ester, 
m. p. 89-90' [aID?2 +38*1' (c 2.0 in dimethylformamide) 
(Found: C, 45.1;  H, 4 . 8 ;  K, 3.3.  C1,H,,C1,KO4S requires 
C, 44.8;  H, 4 .7 ;  N, 3-3%), were prepared by the methods 
described for the L-isomers. 

1 .-N-Benzyloxycarbonyl- ( 9-t-butyl) -L-aspartyl-L- 
phenylalanine amide (111). Triethylamine (1 .40  ml., 10 
mmole) followed by ethyl chloroformate (0.94 ml., 10 
mmole) were added at  - 10 to -5' t o  a stirred solution of 
P-t-butyl N-benzyloxycarbonyl-L-aspartate (3 .23  g., 10 
mmole) 17 in dry tetrahydrofuran (20  ml.). The mixture 
was stirred a t  -15  to -10" for 20 min.; a solution of 
L-phenylalanine amide acetate (2.24 g., 10 mmole) and 
triethylamine (1.40 ml.) in chloroform (30  ml.) was then 
added dropwise a t  -10  to -5'. The resulting mixture 
was stirred a t  0-5" for 2 hr. and then a t  20-22" for 16 hr. 
It was then evaporated, and the residue was shaken with 
ethyl acetate (250 ml.) and water (20  ml.). The ethyl 
acetate layer was separated and washed with 10% aqueous 
citric acid (20  ml.), water (20  ml.), N-aqueous potassium 
hydrogen carbonate (20  ml.), and water ( 3  x 20 ml.), 
then dried and evaporated to -75 ml. The Protected di- 
peptide amide (2.42 g . ,  51y0) ,  m. p. 157-158-5', which 
separated, and a second crop (0.47 g., loyo), which was 
obtained by further evaporation of the mother-liquors, 
were collected and recrystallised from isopropanol or aqueous 
ethanol, giving fine needles, m. p. 158.5-159.5" (Found : 
C ,  63 .7 ;  H, 6.8; K, 8.9.  C,,H,,N,O, requires C, 63.9;  
H, 6 .7 ;  N, 8.9%). 

(~-t-Butyl)-L-as~avtyl-L-phenylalanine amide (IV) . A 
solution of the preceding protected derivative (2.348 g., 
5 mmole) in pure methanol (75  ml.) was hydrogenated at  
room temperature and pressure for 5 hr. in the presence 
of 5% palladised charcoal (0.25 g.). The catalyst was 
removed (kieselguhr) and the solution was evaporated, 
yielding an oil which readily crystallised under ether. The 
base (1.481 g., 880/,), m. p. 123-124' [unchanged after 
recrystallisation from benzene (25  nil.)] was collected. and 
washed with ether (Found: C, 60.8; H, 7.6; N, 12.6, 
C1,H2,N,O, requires C, 60 .9 ;  H, 7 - 5 ;  N, 12.5%). In a 
subsequent experiment, the protected derivative (17.98 g., 
38.3 mmole) was hydrogenated similarly, but 90% aqueous 
acetic acid (150  ml.) was used as the solvent. The acetate 
(14.0 g., 9 3 y 0 ) ,  which decomposed above 140°, was obtained 
after evaporation and drying of the resulting residue by 
azeotropic distillation with benzene. A suspension of this 
acetate (13.5 g . )  in methylene chloride (500 ml.) was stirred 
a t  0-5" for 15 min, with 5074 aqueous potassium carbonate 
(15 ml.). Anhydrous magnesium sulphate was then added 
and the solution was filtered and evaporated. Recrystallis- 
ation of the resulting residue from benzene (GO ml.) gave 
the base (10.66 g., 9 3 y o ) ,  in. p. 123-124'. 

aspartyl-L-fihenylalanine amide (VI) . A solution of N-(o- 
nitrophenylsulpheny1)-L-methionine dicyclohexyl- 
ammonium salt (6.78 g., 14 mmole) in pure chloroform 
(350 ml.) was shaken a t  0-5' with 0.5 N-sulphuric acid 
(56  ml.). The chloroform layer was quickly separated and 
washed with ice-water (2 x 7 0  ml.), then dried and evapor- 

Scheme 

N- (o-Nitrophenylsulpheny Z) -L-methionyl- ( P-t-butyl) -L- 

ated t o  -100 ml. (p-t-Buty1)-L-aspartyl-L-phenylalanine 
amide (4.70 g., 14 mmole) followed by NN'-dicyclohexyl- 
carbodi-imide (3.17 g . ,  15.4 mmole) were added, and the 
resulting mixture was kept a t  0-4O for 18 hr. Acetic 
acid (5  drops) was then added and the mixture was kept 
a t  20-22' for a further 1 hr. The NN'-dicyclohexylurea 
(2.14 g.), m. p. 221-223", was removed and the solution 
was evaporated. The resulting mixture was shaken with 
dry tetrahydrofuran (75 ml.) and the mixture was filtered. 
The filtrate was evaporated and the residue was triturated 
with ether, yielding the nitvophenylsulphenyl-tripeplide 
derivative (6.17 g . ,  71%),  m. p. 165-167" (yellow needles, 
m. p. 168-169", from ethanol) (Found: C, 54.4;  H, 6.0; 
N, 11.0; S, 10.3. C,,H,,N,O,S, requires C, 54.3;  H, 6.0;  
N, 11.3;  S, 10*3y0) .  

L-Methionyl- ( P-t-butyl) -L-aspar23/1-L-p?ien3)lalanine amide 
(VII) . A solution of the preceding nitrophenylsulphenyl 
derivative (3.098 g., 5 mmole) in chloroform (50 ml.) 
was treated a t  15" with 4*75~-hydrogen chloride in ether 
(2.10 mi., 10 mmole). The mixture was shaken a t  15-20" 
for 5 min. then ether (100 ml.) was added and shaking was 
continued at  20-22" for 15 min. The solid was collected, 
washed with ether, and then dissolved in cold ethanol 
(20 ml.); colourless needles (1.606 g.,  6 4 y 0 ) ,  m. p. 204-205" 
(effervescence) (unchanged after recrystallisation from 
ethanol-ether) of the hydrochloride began to separate within 
2 min. and were collected after 30 min. (Found: C, 52 .3 ;  
H, 7 - 3 ;  N, 10.8. C2,H3,N,05S-HC1 requires C, 52.5;  
H, 7.0; N, l l - l ~ o ) .  A solution of the hydrochloride 
(7.33 g.) in hot water (100 ml.) was rapidly cooled and treated 
a t  10' with 50% aqueous potassium carbonate (25 ml.). 
The base (6.39 g., 94y0) ,  m. p. 152-153' (unchanged after 
recrystallisation from ethyl acetate, ethanol, or water), 
RPA 0.69 ,  El.9 (paper) = 0-51  x Phe-NH,, was isolated 
by extraction with ethyl acetate (Found: C, 56-6; H, 7 . 5 ;  
N, 12.0. C,,H,,N40,S requires C, 56-6; H, 7.4; N, 12-00/,). 

N-t-Butoxycarbony E-L-tryptoplzyl-L-methionyl- ( p-t-butyl) -L- 

aspartyl-L-phenylalanine amide (IX) . A solution of the 
preceding hydrochloride (0.251 g., 0.5 mmole), AT-t-butoxy- 
carbonyl-L-tryptophan 2,4,5-trichlorophenyl ester (0.241 g., 
0-5 mmole), and triethylamine (0.07 ml., 0.5 mmole) in 
dimethylformamide ( 2  ml.) was kept a t  20-22' for 18 hr. 
Ether (10  ml.) and water (10 ml.) were then added and the 
solid (0.317 g.), m. p. 171-174", was collected and crystal- 
lised from ethanol, yielding the tetrapeptide derivative, 
m. p, 172-174' (Found: C, 60 .9 ;  H, 7 . 1 ;  N, 11.0. 
C,8H,2N,08S requires C, 60.5; H, 6 .95;  N, 11.2y0) .  The 
removal of the protecting groups of this derivative 
(IX _t X) is described under Scheme 2.  

(Pit-butyl) -L-aspartyl-L-phenylalanine awaide. A solution of 
N-(o-nitrophenylsulpheny1)-L-tryptophan dicyclohexyl- 
ammonium salt (0.538 g., 1 mmole) 9 in chloroform (50  nil.) 
was shaken a t  20-22' for 30 niin. with L-methionyl-(fi-t- 
buty1)-L-aspartyl-L-phenylalanine amide hydrochloride 
(0.503 g., 1 mmole) . NN'-Dicyclohexylcarbodi-imide 
(0.227 g., 1.1 mmole) was then added, and the resulting 
mixture was shaken a t  20-22' for 18 hr. The solvent 
was removed and the residue was stirred a t  40-50" for 
10 min. with dry tetrahydrofuran. After cooling to O', 
the suspension was treated with 50% aqueous acetic acid 
( 2  drops) and filtered after 20 min. The filtrate was evapor- 
ated and the resulting residue was triturated with ether, 

N- (o-Nitrophenylsulphenyl) -L-tvyptophyl-L-methionyl- 

17 E. Schroder and E. Klieger, Annulen, 1964, 673, 208. 
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yielding the ~zitvoplzenylsuZphe~~~Z-tetl.apeptide devizative 
(0.781 g.), m. p. 170-172", which separated from ethanol 
in yellow needles, m. p. 183-184" (Found: C, 57.8; H, 
6.2; N, 12.0. C3gH4,hr708S, requires C, 58.0; H, 5.9; 

((3-Benzyl)-L-asparLyl-L-phenylaZaizine amide. p-Benzyl- 
N-benzyloxycarbonyl-L-aspartyl-L-phenylalanine aiiiide 
(5.04 g., 10 mmole) in dry acetic acid (23 nil.) was treated at 
15" with 45% hydrogen bromide in acetic acid (23 nil.). 
The solution was kept a t  15-20" for 35 min., then dilutcd 
with ice-cold ether (700 ml.). The resulting gum was freed 
from the mother-liquors by decantation, mashed four 
times with ether [the hydrobromide hydvate (51 yo yield), 
ni. p. 185" (decomp.), could be obtained by recrystallisation 
of the resulting solid from methanol-ether and then from 
water (fine colourless needles) (Found: C, 51.6; H, 5.6; 
N, 9.1. C,,H,,N,04,HBr,H,0 requires C, 51.3; H, 5.4; 
N, 9-07;)] and dissolved in cold water (100 ml.). The solu- 
tion was extracted with ether, then basified at 0" with 
50?(, aqueous potassium carbonate (25 nil.) and extracted 
with ethyl acetate (3 x 60 nil.). The ethyl acetate extracts 
were washed with water, dried, and evaporated, yielding 
crystalline (P-benzyl) -L-aspartyZ-L-phe?zyZalanine amide (1- 73 
g., 47%), in. p. 99-lOl", R p A k  0.73, which was collected 
with cyclohexane (Found: C, 65.1; H, 6.3; N, 11.3. 
C20H23N304 requires C, 65.0; H, 6.3; N, 11.4",). 

aspart~)l-L-p12en3fZalanine awzide. This (567(, yield), in. p. 
193-194.5" from methanol, was prepared in a manner 
similar to that described for the corresponding p-t-butyl 
ester but using ( p-benzyl) -L-aspartyl-L-phenylalanine ainide 
(Found: C, 56.9; H, 5-4; N, 10.7. C,lH,5P\T50iS, requires 
C, 56.5; H, 5.2; N, 10*50,/,). 
L-Methionyl-(~-benzyZ)-L-aspavtyl-L-phenyZalani.t.ze awide. 

(a) The preceding nitroyhenylsulphenyl derivative (0.251 
g., 0.38 mmole) and 5076 aqueous acetic acid (7  nil.) were 
stirred at 95" for 10 min. The bis(o-nitrophenyl) disulphide 
(28 mg., 500/), ni. p. 192-194", was removed by filtration, 
and the filtrate was etraporated. After basification of the 
residue with aqueous potassium carbonate, the resulting 
mixture was extracted with ethyl acetate. Evaporation 
of the dried extracts gave a solid (0.185 g.), m. p. 154-157", 
which after recrystallisation from ethyl acetate, ethanol, 
and finally from ethyl acetate-light petroleum (b. p. 60-80') 
yielded the pure tripeptide amide ester (93 mg., 489/0), 
in. p. 174-175" (Found: C, 59.7; H, 6.9; N, 11.1. 
C2,H,,N,05S requires C, 59.95; H, 6-4; N, 11.2%). 

(b) Cleavage of the nitrophenylsulphenyl derivative with 
2 equiv. of dry hydrogen chloride in chloroform proceeded 
normally [Cf. procedure used for the corresponding 
@(t-butyl ester)] giving, after basification of the resulting 
hydrochloride, the tripeptide aniide ester (90% yield), 
In. p. 174-175". 

Schemes 2 and 4, and Optical Isoi?zevs.--PI;-Benz~loxy- 
carbonyl- (p-benzyl) -L-aspai.tyE-L-fihenylalanine amide (XII) . 
(a) A solution of L-phenylalanine ainide acetate (112 g., 
0.5 mole) in dimethylformaniide (500 ml.) and triethylaniine 
(67-2 ml., 0-48 mole) was treated dropwise with stirring over 
20 min. at 5-10' with a solution of cc-2,4,5-trichlorophenyl 
~-benzyl-hr-benzyloxycarbonyl-~-aspartate (269 g., 0.5 
mole) in dimethylformamide (250 ml.). The mixture was 
kept at 0-5" for 3 days then added to ice-water (2 1.) and 
cyclohexane (1 1.). The solid was collected, washed with 
water, and crystallised from 2-ethoxyethanol(1.5 l.), yielding 
the L,L-isonzev (223 g., 89%), m. p. 170-171", [a],22 -25.9" 

N, 12.2%). 

N- (o-S i t roplzen3) l sz t lp~ie~~~~l)  -L-nzethionyl-( P-benzyl) -L- 

(c 1.0 in diniethylformamide) (Found: C, 66.6; H, 
5 . 8 ;  N, 8.2. C,,H2,N3O6 requires C, 66.8; H, 5.8; N, 

(b)  Triethylainine (1.40 ml., 10 mmole) followed by ethyl 
chloroformate (0-94 ml., 10 mmole) were added at -10" 
to  a stirred solution of p-benzyl N-benzyloxycarbonyl-L- 
aspartate (3.57 g., 10 mmole) in dry tetrahydrofuran 
(20 ml.). The mixture was stirred at -15 to -10" for 
20 min., then a solution of L-phenylalanine amide acetate 
(2.24 g., 10 mmole) and triethylamine (1.40 ml.) in chloro- 
form (30 nil.) was added dropwise a t  - 10 to -5' .  The 
resulting mixture was stirred a t  20-22" for 16 hr. and then 
evaporated. The solid residue was collected with water 
and crystallised from ethanol (60 nil.), yielding the L,L- 

isomer (2.54 g., 51:/0), m. p. 171-172". 
(c) A solution of P-benzyl N-benzyloxycarbonyl-L- 

aspartate (17.8 g., 50 niniole) and L-phenylalanine amide 
(8.20 g., 50 mmole) in dry tetrahydrofuran (100 ml.) was 
treated a t  0" with NN'-dicyclohexylcarbodi-imide (10.3 g., 
50 mmole) and the mixture was kept at 4" for 2 days. The 
solvent was removed and the resulting residue was crystal- 
lised twice from methanol (1.2 l.), yielding the L,L-isomer 
(18.0 g., 73y0), m. p. 170.5-171", containing traces of 
XN'-dicyclohexylurea . 

N-Be.czzyloxycavbony1- ( 3-benzyl) -L-aspartyl-D-phenylaZanine 
amide. Obtained as described for the L,L-isomer [method 
(a)] using D-phenylalanine amide, the L,D-isomer separated 
from ethyl acetate in colourless needles (SOY6 yield), 
iii. p. 162-163", [rx&,22 -0.9" (c 1.0 in diniethylformamide) 
(Found: C, 66.5; H, 5.9; N, S.lYo). 

aZanine anzide. Obtained as described for the L,L-isomer 
[method (a) ]  using a-2,4,5-trichlorophenyl p-benzyl N- 
benzyloxycarbonyl-D-aspartate, the D,L-isonzer, m. p. 165- 
167", [a],,22 +0-3" (c 1.0 in dimethylformaniide), was crystal- 
lised from ethanol (81:; yield) (Found: C, 66.3; H, 5.3; 
N, 8.2%). 

alanine arnide. Obtained as described for the L,L-isomer 
[method (a)]  using a-2,4,5-trichlorophenyl (3-benzyl D- 
aspartate and D-phenylalanine amide , the D,D-isowzer, 
ni. p. 169-170", +26.3" (c 1.0 in dimethylformamide) 
was crystallised from ethanol (7404 yield) (Found: C, 
66.9; H, 6.0; N, 8.3%). 

A solution of 
S-benz ylox ycarbony l- ( 13-benz yl) -L-aspartyl-L-phen ylalanine 
amide (222 g., 0.44 mole) in 95% aqueous acetic acid (3.5 1.) 
was hydrogenated over 6 hr. a t  room temperature and pres- 
sure in the presence of 50,$ palladised charcoal (45 g.). 
The filtered (kieselguhr) solution was evaporated, and the 
residue was dissolved in boiling water (500 nil.). Addition 
of acetone (2.5 1.) gave colourless needles which after drying 
for 24 hr. in vacuo at 50" gave the amide (94 g., 750/*, 
in. p. 188-189" (decomp.), RPAZ 0.38, 0-31, RsIlI 0.36, 
El.g (paper) = 0.62 x Phe-NH,, [ E ] , ~ ~  3-20-6" (c 1.0 in 
dimethylformamide containing 1 equiv. N-hydrochloric 
acid) (Found, immediately after drying: C, 55-7; H, 6.2; 
N, 15.0. C1&1,N304 requires C, 55.8; H, 6-1; N, 15.10/,). 
The hydrate was readily formed in moist air (Found: 
C, 52.9; H, 6.4; N, 13.8. C13H17N,0,,H,0 requires 
C, 52-5; H, 6.45; N, 14.1%). 

~-Aspa~tyZ-~-phenyla la~ine  amide. Prepared likewise in 
64% yield , from N-benzyloxycarbonyl- ((3-benzyl) -D- 

aspartyl-L-phenylalanine amide, the D,L-~SOW&V separated 
from aqueous ethanol in colourless needles, m. p. 202-203" 

8.35%). 

N-Benzyloxycavbonjd- ((3-benzyl) -D-aspavtyl-L-$henyl- 

N-Benzyloxycarbo?zyZ-( p-benzyl) -D-aspavtyZ-D-phenyl- 

L-AsPart3rl-L-$JZen}'lalaninc anaide (XIII). 
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Org. 561 
(decomp.}, - 9.6" (c  1.0 in N-hydrochloric acid) (Found : 
C, 55.7; H, 6.4; N, 15*00/,). 

Prepared likewise in 
7 1 yo yield from N-benzyloxycarbonyl-( $-benzy1)-L-aspartyl- 
D-phenylalanine amide, the L,D-isomer separated from 
aqueous ethanol in colourless needles, m. p. 200-201" 
(deconip.), [o(ID2, +9.6" (c 1-0 in N-hydrochloric acid) (Found: 
6, 56.0; H, 6.3; IS, 15.1%). 

Prepared likewise in 
84% yield from N-benzyloxycarbonyl-( p-benzyl) -D-aspartyl- 
D-phenylalanine aniide, the D,D-isomer separated from 
aqueous acetone in colourless needles, m. p. 178-179° 
(decomp.), [aJD22 - 20.4" (c 1.0 in dimethylformamide con- 
taining 1 equiv. N-hydrochloric acid) (Found, after leaving 
a dried sample in moist air: C, 51.8; H, 6.6; N, 14-2?/,). 

alanim amide (XVj . (a) L-Aspartyl-L-phenylalanine arnide 
(55-8 g., 0.2 mole), iV-t-butoxycarbonyl-L-methionine 
2,4,5-trichlorophenyl ester (85.8 g., 0.2 mole) ,l dimethyl- 
formaniide (700 ml.) and triethylamine (28 ml., 0.2 mole) 
were stirred a t  0-5" for 18 hr., then the resulting solution 
was added to a stirred mixture of ice-water (3 l.j, acetic 
acid (12 ml.), and cpclohesane (1 1.). The solid was 
collected, washed with water, then stirred with ethanol 
(1  1.) a t  50-60" for 15 min. After cooling, the solid was 
collected and washed with ether, yielding N-t-butosy- 
carbonyl-L-methionyl-L-aspartyl-L-phenylalanine amide (83 
g., 810/,), m. p. 209-210' (decomp.) (unchanged after 
recrystallisation from 2-ethoxyethanolj1 EFLL 0.86, R&?(j 0.82, 
( ~ 2 ~ 2 2  - 39.3" (c 1.0 in dimethylforniamide) (Found : C, 
53.9; H, 6.6; 3, 10.6. C23H34S407S requires C, 54.1; 
H, 6.7; N, l l * O q / b ) .  

(b) Crude N-t-butoxycarbonyl-L-niethionyl-L-aspartyl-L- 
phenylalanine methyl ester (5.26 g., 10 mmole) (see Scheme 
3) and dry methanol saturated with ammonia (50 ml.) 
were stirred a t  0" for 18 hr. The mixture was then evapor- 
ated, and the residue was collected with ether and dissolved 
in warm methanol (30 ml.). After cooling, the solution was 
acidified to  pH 3 with aqueous citric acid and diluted with 
ice-water (100 ml.), yielding the amide (2.21 g., 43%) 
identical with the sample prepared in ( a ) .  

alanine amide. L-Aspartyl-L-phenylalanine amide (1.4 g., 
5 mmole) , N-t-butoxycarbonyl-u-methionine 2,4,5-tri- 
chlorophenyl ester (2.15 g., 5 mmole), dimethylformamide 
(30ml.), water (1 id.), and triethylaniine (0.7 ml.) were stirred 
at 0" for 16 hr. After evaporation, the residue was treated 
with water (50 ml.) and the pH was adjusted to 2 with 10% 
aqueous citric acid. The solid was collected, washed well 
with ether, and crystallised from aqueous ethanol, yielding 
the D,L,L-isomer (1.9 g., 75:4,), m. p. 189-190" (dccomp.), 
[dD22 -43.7" (c 1.0 in dimethylforniamide) (Found: C, 
54.1; H, 7.0; IS, l0*97;). 

nZa7zine amide. Prepared similarly to the n,L,L-isomer 
using D-aspartyl-D-phenylalanine aniide and N-t-butoxy- 
carbonyl-L-methionine 2,4,5-trichlorophenyl ester, the L, D,D- 

isomer (72% yield), m. p. 188-189" (decomp.), [ciIDz2 +44.0" 
(c 1.0 in dimethylformamide), was crq-stallised from meth- 
anol-ethyl acetate (Found: C, 54-3; H, 6.4; N, 10.6%). 

hT-t-Butoxycarbon~l-D-)nethionyl-D-nspart~ll-D-phenyl- 
alanigze amide. Prepared similarly to the D,L,L-isonier 
using D-aspartyl-D-phenylalanine amide and N-t-butoxy- 
carbonyl-D-methionine 2,4,5-trichlorophenyl ester, the 
D,D,D-iSomeY (7404 yield), m. p. 206-205" (decornp.), 

L-A spartyl-D-phenylalani~e amide. 

D-A spartyl-D-phenylalanzne amide. 

N-t-Butoxycavbonyl- L-meth ionyl-L-as~art~~l-~-phenyl-  

N-t-Butoxycarbonyl-D-Ynethionyl-L-aspavtyl-L-~henyl- 

N-t-Butoxycarbonyl-L-uneth ion3'1-D-aspart~l-D-phenyl- 

[ci]D22 + 39.0" (c 1.0 in dimethylformamide), was crystallised 
from ethanol (Found: C, 54.3; H, 6-8; N, ll.lyo). 
L-hfethion~~l-L-aspartyl-L-~henylalanine avlzide. (a) Finely 

powdered N-t-butoxycarbonyl-L-methionyl-L-aspartyl-L- 
phenylalanine amide (75.9 g., 0.155 mole) was added over 
15 Inin. to vigorously stirred 1.75 N-hydrogen chloride in 
acetic acid (400 nil.) a t  10-15". Stirring was continued 
a t  10-15" for 3 hr., then the solution was evaporated. 
The residue was collected and washed with ether and then 
crystallised from methanol (400 nil.)-ethyl acetate (1.5 1.) 
yielding colourless needles of the tripeptide Izydrochloride 
hemihydrate (60.4 g., 87%), ni. p. 185" (decomp.), RFA 0.53, 
2 2 % ~ ~ :  0.38, RFAI 0.49, El.9 (paper) = 0.57 x Phe-NH,, 

- 12.7" (c 1.0 in dimethylformamide) (Found : C, 47.4; 
H, 6.3; N, 12.2. C18H2,N,0,S,HC1, 0.5 H,O requires C, 
47.4; H, 6-2 ;  X, 12.3%). 

(b)  ,4 solution of i'V-t-butoxycarbonyl-L-inethionyl-L- 
aspartyl-L-phenylalanine amide (0.51 1 g., 1 rnrnolej in 
trifluoracetic acid (2 nil.) was kept a t  20-22" for 1 hr. 
Addition of dry ether (20 nil.) gave the tripeptide trifluor- 
acetate (0-496 g.), which was collected and washed well with 
ether. A solution of the trifluoracetate or the hydro- 
chloride, prepared as described in (a), (1 mniole) in water 
(3  ml.) was shaken with DE-ACIDITE G (acetate form); 
the filtered solution was evaporated and the residue was 
dried a t  50-60" for 24 hr. in vacuo, yielding the tvipeptide 
( l O O . / b  yield) (colourless needles from dimethylfornianiide 
or aqueous methanol), m. p. 223--226" (deconip.) (Found : 
C, 52.3; H, 6 . 5 ;  IS, 13.4. CISH,,N,O,S requires C., 52.6; 
H, 6.4; N, 13.7%). 

D-,~~etlLion~1-L-aspaYtyl-L-phe92ylala.kziIie ainide /,vJvo- 
chloride monohydvate. The X-t-butoxycarbonyl derivative 
(0.51 g., 1 inmole), acetic acid (3 nil.), and 3s-hvdrogen 
chloride in ethyl acetate (5 nil.) were stirred a t  20-25' 
for 25 min. The D,L,L-~ydrocAioride monohydrate (0.45 g., 
9776), in. p. 189-192" (decomp.), (192-194" after several 
reprecipitations with di-isopropyl ether froni methanolic 
solution), - 82.3" (c 1.0 in dimethylformamide) 
(Found: C, 46.6; H, 6.3; N, 12.3. Cl,H2,N40,S,HC1,H,0 
requires C, 46.5; H, 6.2;  N, 12.17;). 

L-n'~eti~ionyl-D-aspartyl-D-phenylalanine ainide hydro- 
chloride hemihydmte. Prepared from the N-t-butoxy- 
carbonyl derivatives similarly to  the D ,L,L-isomer ( 100yo 
yield), the L,D,D-hydrochlovide hemi/kaydrate had ni. p. 197- 
198" (decomp.), [aID22 + 82.0" (c 1.0 in dimethylformamide), 
after precipitation with ethyl acetate from methanolic 
solution (Found: C, 47.4; H, 6.2; N, 12.2. 
C18H,,N,0,S,HC1, 0.5 H,O requires C, 47.4; H, 6-15; N, 
12*3:(,). 

u-,~ethionyl-D-aspartyl-D-phc~zvlalanine arnide hydro- 
chloride hemihydrate. Prepared from the N-t-butoxy- 
carbonyl derivatives similarly to the u,L,L-isomer ( 1 O O q a  
yield), the D,D,D-lydrochlovide hemihydrate had m. p. 182" 
(deconip.), + 12.4" (G 1.0 in dimethylforrnamide) 
(Found: C, 47.3; H, 6-2; X, 12-07;). 

n'-t-Butox3'carbonyl-L-try~top~23,1-L-nzetAionine methyl ester 
(XXVII). (a) N-t-Butoxycarbonyl-L-tryptophan (60.8 g., 
0.2 mole) ,1 L-methionine methyl ester hydrochloride (40 g., 
0.2 mole),18 and triethylaniine (28 ml., 0.2 molej were 
dissolved in AnalaR chloroforni (400 ml.), and the solution 
was treated at 0" with NN'-dicyclohexylcarbodi-imide 
(41.2 g., 0.2 mole). The mixture was kept a t  4" for 16 hr., 
then filtered from iVAV'-dicyclohexylurea and washed with 

18 &I. Urenncr and R. W. Pfister, H e l v .  Chi))?. Acta, 1951, 31, 
3085. 
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water (100 nil.), 10% aqueous citric acid (100 nil.), saturated 
aqueous sodium chloride (100 ml.), N-potassium hydrogen 
carbonate (100 ml.), and saturated aqueous sodium chloride 
(3  x 100 ml.) (backwashing with chloroform). The residue, 
obtained after drying and evaporating the chloroform solu- 
tion, and backwashings, was dissolved in warm di-iso- 
propyl ether (200 ml.) (peroxide-free) and the solution was 
cooled slowly, yielding colourless needles of the dipeptide 
ester derivative (80.1 g., 89%), m. p. 98-99" (Found: 
C, 58-9; H, 6.9. C,,H,,N,O,S requires C, 58.8; H, 
7.0%). 

(b)  A solution of AT-t-butosycarbonyl-L-tryptophan 2,4,5- 
trichlorophenyl ester (4.83 g., 10 mniole),l L-methionine 
methyl ester hydrochloride (2.0 g., 10 mmole), and triethyl- 
ainine (1.40 ml., 10 inmole) in dinlethylformamide (25 id.)  

was kept a t  4" for 36 hr. The product, isolated by evaporat- 
ing the solution and extracting the resulting residue with 
ethyl acetate, was a mixture 01 the dipeptide ester derivative 
and 2,4,5-trichlorophenol. The mixture was not separated, 
as the phenol did not interfere in the preparation of the 
hydrazide (see below). 

,U-t-Butoxycavboi~yZ-L-tvyPtopl~yl-L-nyzethionine hydvazide 
(XXVIII). l000,/, Hydraziiie hydrate (11 ml., 0.22 mole) 
was added a t  0-5" to a solution of the preceeding ester 
(44.9 g., 0.1 mole) [or a mixture of the ester and 2,4,5- 
trichlorophenol, obtained as described in (h )  above] in 
methanol (100 ml.), and the mixture was left a t  20-22" 
for 16 hr. The hydvazide was collected with ether and 
recrystallised from methanol (370 ml.) or ethyl acetate 
(600 nil.), yielding long, colourless needles, m. p. 177-178" 
(effervescence) (Found: C, 56.2; H, 7.0; N, 15.4. 
C,,I-13,N,0,S requires C, 56.1; H, 6.9; N, 156%). 

N-t-Butox~carbo~~vl-L-tv~ipto;h hyl-L-metlaionyl-L-aspavty I-L- 
Phenylalanine amide (XVII). (a) Water (100 ml.), followed 
by triethylamine (14 ml. 0.1 mole), were added at 6-10' 
to a solution of L-methionyl-L-aspartyl-L-phenylalanine 
amide hydrochloiide (22.4 g., 0.05 mole) and AJ-t-butoxy- 
earbonyl-L-tryptophan 2,4,5-trichlorophenyl ester (26.6 g., 
0.055 mole) in dimethylformamide (500 ml.), and the mix- 
ture was stirred a t  0-5" for 2 days. Water (50 ml.) 
was then added and stirring was continued at 20-22" 
for a further 2 days. Addition of the resulting solution to 
ice-water (2 I.) and acetic acid (10 ml.) gave a solid, which 
was collected, washed with water, and then stirred for 5 
min. with boiling ethanol (750 ml.) . The N-t-butoxycar- 
bonyl-tetrapeptide avnide (28-9 g., 85%), in. p. 209-210" 
(decomp.) was collected after cooling, and washed well with 
ether (colourless needles from aqueous 2-ethoxyethanol), 
RFA 0.81, RFc 0.44, [ R ] , ~ ~  -35.7" (G 1.0 in dimethylform- 
amide) (Found: C, 58.6; H, 6.4; N, 12.0. C,,H44N,0,S 
requires C, 58.6; H, 6.3; N, 12.05y0). 

( b )  1-92x-Hydrogen chloride in dry tetrahydrofuran 
(0.52 nil., 1 mmole) was added to a vigorously stirred sus- 
pension of N-t-butoxycarbonyl-L-tryptophyl-~methionine 
hydrazide (0.225 g., 0.5 mmole) in dry tetrahydrofuran 
(0.5 ml.) a t  -20". As soon as all the solid had dissolved 
(1-2 min.), n-butyl nitrite (0.06 ml., 0.525 mmole) was 
added, and stirring was continued a t  -25 to -20" for 
6 min. The resulting azide solution was then added to a 
solution of L-aspartyl-L-phenylalanine amide (0.14 g., 0.5 
mniole) in dimethylformamide (2 ml.) and triethylamine 
(0.21 ml., 1.5 mmole). The mixture was kept a t  0" for 
2 days, then diluted with ice-water (10 nil.). The suspension 
was acidified to pH 2 with citric acid, and the solid was 
collected, washed with water and ether, and crpstallised 

from ethanol (20 ml.), affording the N-t-butoxycarbonyl- 
tetrapeptide amide (0.206 g., 59y0), identical with the sample 
prepared in (a) .  

(c) N-t-Butoxycarbonyl-L-tryptophyl-L-inethionyl-L- 
aspartyl-L-phenylalanine methyl ester (0.7 12 g., 1 mmole) 
(see Scheme 3) and dry methanol saturated with ammonia 
(10 nil.) were stirred at 0" for 18 hr. The mixture was then 
evaporated, and the residue was dissolved in warm 50% 
aqueous methanol (20 ml.). &4fter cooling, the solution was 
acidified to pH 3 with aqueous citric acid, yielding the 
amide (0.621 g., 890/,), identical with the sample prepared 
in (a).  

N-t-Butoxycavbon~1-D-ti.yptoplayl-D-nzetlzioIzyl-D-aspartyl- 
D-phenylalanine anzide. Obtained as described for the 
L,L,L,L-isomer [method ( a ) ]  using u-reactants, the D,D,D,D- 
isomer (60% yield), m. p. 210-202" (decomp.), [a]D22 +36.2" 
(G 1.0 in dimethylformaniide), was recovered from aqueous 
ethanol (Found: C, 57.8; H, 6.4; N, 12.0%). 

N-t-Butoxycavbonyl-D -tvyptophyZ-L-methionyZ-L-aspartyE- 
L-plzenylalanine amide. Obtained as described for the 
L,L,L,L-isorner [method ( a ) ]  using ,V-t-butoxycarbonyl- 
D-tryptophan 2,4,5-trichlorophenyl ester, the D,L,L,L- 
isomer (59% yield) had m. p. 198-200" (decomp.), RFB 
0.68, - 23.8" (c 1.0 in dimethylformamide), after 
recrystallisation from methanol-ethyl acetate-light 
petroleum (b. p. GO-80"). 
h;-t-~utoxyca~bony~-~-tvyptop~zy~-~-t~zetkio?zy~-~-aspartyZ- 

D-phenylalanine amide. Obtained as described for the 
L,L,L-isomer [method (a) ]  using u-methionyl-D-aspartyl- 
u-phenylalanine amide hydrochloride, the L,U,D,D-iSOwzCY 
(57:/0 yield) had in. p. 201-202" (deconip.) [aIDz2 $24.9" 
(c 1.0 in dimethylformamide) , after recrystallisation from 
aqueous methanol (Found: C, 68.7; H, 6.7; N, 11.9%). 

hT-t-Butoxycarbo~zyl-L-t"JYptopl~yl-D-metlaio~zyl-L-asparty1- 
L-phenylalanine amide. Obtained as described for the 
L,L,L,L-isomer [method (a)] using D-niethionyl-L-aspartyl- 
L-phenylalanine amide hydrochloride hydrate, the L,D,L,L- 

isomev (74% yield) had in. p, 207-208" (decomp.), 
- 52.0" (c 1.0 in dimethylformaniide) , after recrystallis- 
ation from aqueous ethanol (Found: C, 58.2; H, 6.4; 
N, 11.8%). 

~-~-~utoxycarbo?zyl-~-ti~yptop~zy~-1~-1iiethio~zyl-~-as2)artyl- 
L-plzenylalanine amide. Obtained as described for the 
L,L,L,L-isomer [method (a) ]  using D-methionyl-L-aspartyl- 
L-phenylalanine amide hydrochloride hydrate and N-t-but- 
oxycarbonyl-D-tryp tophan 2,4,5-trichlorophenyl ester, the 
D,D,L,L-isovner (52% yield) had m. p. 208-209° (decomp.), 

- 33.7" (G 1.0 in dimethylformamide), after recrystal- 
lisation froin aqueous methanol (Found: C, 58-3; H, 6.0; 

N f-B zttoxy car bony l- D -t vypt oplz y l-L- met lz i o ny 1- D -asp arty1 - 
n-filzenylalautine amide. Obtained as described for the 
L,L,L,L-isomer imethod ( a ) ]  using L-niethionyl-D-aspartyl- 
D-phenylalanine arnide hydrochloride hemihydrate and 
N-t-Butoxycarbonyl-u-tryptophan 2,4,5-trichlorophenyl 
ester, the D,L,D,D-Z'so?%er (5376 yield) had m. p. 206-207" 
(decomp.), [a]D22 + 50.9" (G 1-0 in dimethylforniamide), 
after recrystallisation from methanol-ethyl acetate (Found : 
C, 58.4; H, 6.5; S, 12.074). 

N-t-Butoxycarbon~l-L-tvyptopIzyl-L-nzethionyl-D-aspavtyZ- 
L-phenylalanine amide. Obtained as described for the 
L, L, L, L-isomer [method ( b ) ]  using D- aspartyl-L-phenyl- 
alanine amide, the L,L,D,L-isomeY (34% yield) had m. p. 
160-151" (decomp.), --0-4" (c 1.0 in dimethylform- 
amide), after recrystallisation from methanol-ethyl acetate- 

N, 11.9%). 
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Org. 563 
light petroleum (b. p. 60-80") (Found: C, 38.3; H, 6.4; 

N-t-Butoxycarbonyl-L-tryptophy 2-L-methio njd- L-asparty l- 
n-phenylalanine amide. Obtained as described for the 
L,L,L,L-isomer [method ( b ) ]  using L-asparkyl-D-phenyl- 
alanine amide, the L,L,L,D-isomer (55:; yield) had m. p. 
209-210" (decomp.), [ E J ~ ~ ~  - 19.7" (c 1.0 in dimethylform- 
amide), after recrystallisation froin methanol-ethyl acetate- 
light petroleum (b. p. 60-80") (Found: C, 58.2; H, 6-2;  

N-t-Butoxycavbony l-L-tryptophy Z-L-methio ny l-D-aspartyl- 
mphenylalanine anzide. Obtained as described for the 
L,L,L,L-isomer [method (b)]  using D-aspartyl-D-phenyl- 
alanine amide, the L,L,D,D-isornev (520,; yield) had ni. p. 
196-197" (decomp.), [ E ] ~ ~ ~  f 34.9" (c 1.0 in dimethylform- 
amide), after recrystallisation from methanol-ethyl acetate 
(Found: C, 58.2; H, 6.5; N, 11.90/,). 

L- Tryptophyl-L-rnethionyl-L-aspartyl-L-pl1e ny lalanine 
an? ide (X). ( a )  AT-t-Butoxycarbonyl-L-tryptophy1-L- 
methionyl-L-aspartyl-L-phenylalanine aniide (6.97 g., 10 
inmole) and 80% aqueous trifluoracetic acid (30 id . )  

were stirred under nitrogen a t  20-22" for 2 hr. Ether 
(200 nil.) was then added and the solid was collected, washed 
exhaustively with ether and dissolved in cold methanol 
(50 ml.); addition of dry ether (200 ml.) gave colourless 
needles of the tetrapeptide amide tvipuoracetate (6.96 g., 
980,/,), rn. p. 197" (decomp.), R F + ~  0.63, R F ~  0.94, R ~ c  0.37, 
El.g (paper) = 0.40 x Phe-NH,, amino-acid ratios in 
acid hydrolysate, asp 1.00 : met 0.98 : phe 1.00 : try 0.61, 
amino-acids in L.A.P. digest of 1 pniole, asp 0.98, met 1.01, 
phe 0.98, try 0.98 pmole, [0(]D22 -26.5" (c 1.0 in dimethyl- 
formamide) (Found: C, 52.1; H, 54; N, 11.7. 
C2gH36N606S,C2H02F3 requires C, 52.4; H, 5.25; N, 11.8%). 

(b )  A solution of &V-t-butoxycarbonyl-L-tryptophyl-L- 
methionyl-L-aspartyl-L-phenylalanine aniide (6.97 g., 10 
inmole) in boiling acetic acid (50 ml.) was rapidly cooled to 
50" and then added in one portion, with stirring, to 1 . 7 5 ~ -  
hydrogen chloride in acetic acid (60 ml., -0.1 mole). The 
temperature of the mixture x-as rapidly brought to 30", 
by vjgorous cooling, and stirring was continued at 20-22" 
for 2 hr. Dry ether (500 ml.) precipitated the tetrapeptide 
Jydrochlovide (6.065 g., 96y0), m. p. 215-216" (decomp.), 
:0;3D22 - 31.7" (c 1.0 in dimethylforinamide) (Found : Cl, 5 4 .  
C,,H,,N,O,S,HCl requires C1, 5.60/,), which separated from 
hot water (100 ml.) in gelatinous needles. The fvee tetra- 
pept ide  (0.552 g.), m. y. 251-252" (deconip.) was precipitated 
when a solution of the trifluoracetate (prepared as described 
above) or hydrochloride (1 inmole) in water (25 ml.) and 
s-sodium hydroside (2.2 nil.) was acidified with acetic 
acid (1  ml.); it was collected and washed by centrifugation 
(Found: C, 57.0; H, 6.2;  N, 13.8. C,,H,,0,N6S,H20 
requires C, 56.6; H, 6.2; X, 13.7y0). 

(9-t-buty1)-L-aspartyl-L-phenylalanine aniide (8 9.) and 
80:; aqueous trifluoracetic acid (32 nil.) were stirred under 
nitrogen a t  20-22" for 3 hr. The product (100% yield) 
obtained as described in (a) was identical with the tri- 
fuoracetate described in (a ) .  

Scheme 3 . - N - B e n ~ y l o x y c a r b o n y l - ( ~ - b e ~ z ~ ~ l ) - ~ - a s ~ a ~ t ~ ~ Z -  
L-phewylalanine methyl ester (XIX). A solution of L- 

phenylalanine methyl ester hydrochloride (2 1.6 g., O. 1 
mole), 19 and a-2,4,6-trichlorophenyl P-benzyl Y-benzylosy- 
carboiiyl-L-aspartate (53.7 g., 0.1 mole) in diniethyl- 
formamide (100 ml.) was treated a t  0" with triethylamine 
(14.0 nil.,  0.1 mole). The resulting inisture was stirred a t  

s, 11*9Y0). 

1, 11*80//,). 

(c) X-t-Butoxycarbonyl-L-tryptophyl-L-n1etliionyl- 

0-4" for 3 days, and then added to a mixture of ice-water 
(200 ml.) and ether (100 ml.), yielding the protected di- 
peptide ester (49.9 g., 96%), m. p. 116-117" (unchanged 
after crystallisation from methanol), [ 4 , 2 2  - 15.3" (c 1.0 in 
diniethylformamide), which was collected and washed with 
water and ether (Found: C, 67.2; H, 5.8; N, 5.4. 
C29H3,N20, requires C, 67.1; H, 5.8; N, 5.40/,). 

~-Aspartyl-~-Fhe~tylalani?ze methyl ester (XX) . A solution 
of the preceding protected derivative (49 g.) in acetic acid 
(500 ml.) and water (25 ml.) was hydrogenated over 5 hr. at 
room temperature and pressure in the presence of 57; 
palladised charcoal (5 g.). The filtered (kieselguhr) 
solution was evaporated, and the residue was dried, first 
by azeotropic distillation with benzene, and then for 48 hr. 
at 60" in vacuo, yielding the dipeptide estev (22.9 g., 87%), 
m. p. 246-247" (colourless needles from water), RFAk 0.61, 

-2.3" (c 1.0 in N-hydrochloric acid) (Found: C, 57.1; 
H, 6.3; N, 9.4. Cl,Hl,N20, requires C, (37.2; H, 6.2; 
N, 9.5%). 

alanine methyl estev (XXI) , A solution of L-aspartyl-L- 
phenylalanine methyl ester (2.94 g., 10 mmole), N-t-but- 
oxycarbonyl-L-methionine 2,4,5-trichlorophenyl ester 
(4.29 g., 10 mmole),l and triethylamiiie (1.4 nil., 10 rnmole) 
in dimethylforinamide (50 ml.) and water (10 nil.), was liept 
at 4" for 3 days. The resulting solution was acidified a t  
0" to pH 4 with aqueous citric acid, and then added im- 
mediately to ice-water (100 ml.). The mixture was es-  
tracted with ethyl acetate (3 x 50 1111.) and the extracts 
were washed with 5% aqueous citric acid and water (4 
times), dried, and evaporated. The residue was freed from 
2,4,5-trichlorophenol by digestion with boiling cyclohexane 
(5 x 50 ml.), leaving the crude tripeptide ester derivative 
(6.0 g.) as a solid, which was used without further purific- 
ation. The amnionolysis of this ester is described under 
~~-t-butoxycarboiiyl-r.-methionyl-L-aspartj-l-L-phenyl- 
alanine amide in Scheme 2. 

N-t-Butoxycairbo ~yl-L-tryptopJ~yl-L-l/tzetJ~io ny 2- L-aspartyl- 
L-phenylalani.ize methyl estev (XXIV). A solution of the 
preceding crude tripeptide ester derivative (1.05 g., 2 
mmole) in 1.75 N-hydrogen chloride in acetic acid (6 ml.) 
was kept a t  10-15" for 2 hr., and then evaporated. The 
residue was dissolved in dimethylformaniide (10 nil.), 
N-t-bu tosycarbonyl-L- tryptophan 2,4,5-trichlorophenyl 
ester (1.06 g., 2.2 mmole) 1 followed by triethylaniine 
(0.56 nil., 4 mmole) were added at O", and the resulting solu- 
tion was kept at 4" for 3 days. After the addition of ice- 
water (50 ml.), the reaction mixture was acidified to pH 3 
with aqueous citric acid and extracted with ethyl acetate. 
The extracts were washed with 5% aqueous citric acid and 
water, dried, and evaporated, yielding a gum which slowly 
solidified under water. The solid was collected, washed with 
water, dried, and then digested with boiling benzene 
(3 x' 6 nil.). The insoluble solid was crystallised from iso- 
propaiiol (6 nil.), yielding colourless needles of the tetva- 
peptide ester devivative (0-71 g., 500,;), m. p. 168-170", 
RFB 0-82, RFc 0.56, -24.Y (c 2.0 in dimethylform- 
aniide) (Found: C, 58.6; H, 6.7; N, 9.7. C35H45K:509S 
requires C, 59.0; H, 6-5; N, 9.8%). The snimonolysis of 
this ester is described under AT-t-butosycarbonyl-L-trypto- 
phyl-L-methionyl-L-aspartyl-L-phenylalanine amide in 
Sclieine 2. 

3-~-Beazzy2-6-~- (cavboxyinethyl) -2,5-dioxopipevaziPze (XX I). 
19 R. A. Roissonnas, St. Guttinann, P.-.4. Jaquenoud, and  

N-t-Butoxycarbo nyl-L-~.YtetJzio~~yzyl-L-aspa)~t~~l-L-phe~yl- 

J.-P. Waller, Hclit. Chiin. A d a ,  1956, 39, 1421. 
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A solution of L-aspartyl-L-phenylalanine methyl ester 
(2.94 Q., 10 mmole) in dry methanol saturated with ainiiionia 
(50 ml.) was kept at 0" for 16 hr., and then evaporated. 
The residue was dissolved in water (100 ml.) at 50", and the 
solution was filtered and acidified with acetic acid, yielding 
the fiipevazine (1.39 g., 53: / , ) ,  which separated Irom acetic 
acid (20 ml.) in gelatinous needles, ni. p. 256-258" (Found : 
C, 59.4; H, 5.3; N, 10.5. C,,H,,N,O., requires C, 59.5; 
H, 5.4; N, 10.7%). 

Preparation of  A cylated Deriuatives.--N-Ben~ysyloxycar- 
b o q  Z-L-ti~~ptophyl-L-Ynetlzio?zyZ-L-aspavtyl-L-p Jienylalanine 
apnide. Water (30 nil.), followed by triethylamine (2.80 
nil., 20 mmole), were added at 5-10" to a solution of L- 

methionyl-L-aspartyl-L-phenylalanine aniide hydrochloride 
(4.47 g., 10 mmole) and N-benzyloxycarbonyl-L-tryptophan 
2,4,5-trichlorophenyl ester (5.7 g., 11 niniole) in diniethyl- 
formaniide (100 nil.). The mixture was stirred at 0-5" 
for 3 days and then a t  20-22" for 1 dap, and then added to a 
stirred mixture of ice-water (500 nil.), N-hydrochloric acid 
(22 nil.), and ethyl acetate (100 ml.). The N-benzyloxy- 
cai.bo/z?iZ-teti.apeptide awaicle (6.789 g., 93%), m. p. 237-238" 
(decomp.), R F ~ ~  0.86, RYB 0.80, RFC 0.47, RP.D 0.62, 
-41.0" (c 1.0 in dimethylformamide) was collected and 
washed well with water followed by ether. For recrystal- 
lisation, the product was dissolved rapidly in boiling 2- 
ethosyethanol (700 ml.) . The solution was immediately 
cooled to 50" and treated with water (700 nil.), yielding 
colourless needles (6-174 g.) of unchanged m. p. (Found: 
C, 60.6; H, 5.8; N, 11.4. C,,H,,I\',O,S requires C, 60-7; 
H, 6.8;  N, 11.5%). 

Pvcpnration of other h--acylated devizjatiues of L-tvyptophyl- 
L-l.~eiJiioiayl-L-aspartyl-L-phe~aylalanine apnide. A solution 
of the tetrapeptide trifluoracetate (0- 178 g.) or hydrochloride 
(0.158 9.) (0.25 mmole) in warm (40-60") dimethylform- 
aniide (2 ml.) was cooled to 0" and treated with triethyl- 
amine (0-07 nil., 0.5 rnniole) followed by the appropriate 
active ester (0.3 mmole) (2,4,5-trichlorophenyl esters were 
used in all cases except the first four cited, when p-nitro- 
phenyl esters were used). The solution was kept a t  0-2" 
for 1-4 days (until there was no colour reaction on testing 
a sample with ninhydrin reagent), then the product was 
isolated by an appropriate procedure. In  the case of 
acplated derivatives containing a t-butoxycarbonyl group, 
the reaction solution was usually added to a mixture of 
ice-water (25 nil.), hydrochloric acid (0.25 mmole), acetic 
acid (0.5 mmole), and cyclohexane, ether, or ethyl acetate 
(15 ml.). The product was then collected, washed four times 
with water, four times with ether and dried in liacuo a t  40". 
The procedure in other cases was usually similar except that  
hydrochloric acid (0-5 mmole) was used and the acetic acid 
omitted. When salts separated from the reaction mixture, 
these were first brought into solution by adding water ( 2  
ml.) and warming to 60" ; the warm solution was then worked 
up as described. Occasionally, after dilution with ice- 
water, the reaction mixture was extracted with ethyl 
acetate and the product precipitated from the aqueous 
phase x i th  citric or hydrochloric acid. The products were 
invariably pure as judged by t.1.c. in two-solvent systems, 
but were crystallised from ethanol, 2-ethoxyethanol, acetic 
acid, or mixtures of these solvents with water. The 
following N-acyl derivatives of L-tryptophyl-L-methionyl- 
L-aspartyl-L-phenylalanine amide were prepared [details 
in parenthesis refer to yo yield, m. p. (decomp.), and RIJ]: 
AT-acetyl- (37, 245-246') ; N-benzoyl- (29, 228-230") ; 
A7-n~-2-ethylhesanoylgIvcyI- (73, 229--230") ; N-benzyl- 

oxycarbonyl-~-prolyl- ( 5 5 ,  238-240") ; X-pivaloyl-a- 
alanyl- (66, 212-214", RFLk 0.75, RFc 0.43) ; N-benzoyl- 
(3-alanyl- (75, 210-212", R F ~  0.57) ; N-acetyl-P-slanyl- (58, 
241-243", R p A  0.59, Rrc 0.32) ; N-benzyloxycarbonyl-(3- 
alanyl- (84, 230--232", RF3. 0.81, R p G  0-40) ; N-t-butoxy- 
carbonyl-~-alanyl-~-phenylalanyl-~-isoleucylglycyl- ( 7 6, 
248-250", RFA 0.79, RFC 0.46) ; N-t-butoxycarbonyl- 
L-alanyl- (84, 223-225", RFA 0.80, R p C  0.47) ; N-P-(tri- 
flu oracetylamino) benzoyl- ( 76, 2 2 7-2 29') ; NE- t-bu tosy- 
carbonyl-l'v'E-benzyloxycarbonyl-L-lysyl- (68, 207-208") ; 
Na-benzylosycarbonyl-NE-t-butoxycarbonyl-L-lysy1- (87, 
209-210") ; N-hippuryl- (76, 237-238") ; L-pyroglutamj-l- 
(61, 232") ; N~-benzyloxycarbo1i~-l-~~-(4-chloro-6-dimeth~l- 
aniinotriazin-2-yl)-~-lysyl- (80. 233") ; N-benzyl- 
oxycarbonyl-L-phenylalanyl- (94, 241-243") ; N-acetyl-y- 
aminobutyryl- (51, 232", RFc 0.46) ; N-benzyloxycarbonyl- 
L-asparaginyl- (73, 231- 232") ; X-t-butoxycarbonyl-S- 
benzyl-L-homocysteinyl- (45, 2 1 6 2  16") ; NQ-benzyloxj-- 
carbonyl-NE-butoxycarbonyl -L-lysylglycyl- (68, 200-201") ; 
N-benzylosycarbonyl-L-valyl- (87, 246-247") ; A--t-but- 
oxycarbonyl-N-methyl-L-alanyl- (68, 180-1 85"). 

Hydrolysis of the appropriate AT-t-butoxycarbonyl 
derivative (0.1 g.) with 800,/, aqueous trifluoracetic acid 
(1 ml.) (1 hr. at 20-22) gave quantitative yields of the 
trifluoracetates of the following N-acyl derivatives of 
L- tryp tophyl-L-methionyl-L-aspart yl-L-phenylalanine 
aniide : NE-benzyloxycarbonyl-L-lysyl- m. p. 197-200' 
(decomp.) , RFS 0.80; h'E-benzyloxycarbonyl-L-lysyl-, 
RFli 0.67 ; S-benzyl-L-homocysteinyl-, 0.77 ; AT"-benzyl- 
oxycarbonyl-L-lysylglycyl-, RF1 0- 67. 

phenylalaizine anzide (Dr. H. Gregory). ~-Tryptophyl- 
L-niethionyl-L-aspartyl-L-plienylalanine amide trifluor- 
acetate (177 ing., 0.25 mmole) in water (1 ml.) and dimethyl- 
formamide (1 ml.) was treated with N-methj-lmorpholine 
(0-3 ml.). The mixture was stirred for 30 min., then acetic 
acid was added to bring the solution to pH 8. Potassium 
cyanate (108 mg., 1.3 mmole) in water (0.5 ml.) was added 
and the solution kept a t  18-22" for 24 hr. Water (10 ml.) 
was added, then 2~-hydrochIoric acid to adjust the solution 
to pH 2. After 2 hr., the precipitate was collectcd and 
recrystallisecl from aqueous dimethylformamide, yielding 
the cavbamoyl tetrapeptide (132 mg., 82o,b), ni. p. 205-206- 
(decomp.), RFC 0.15 (Found: C, 5 5 . 8 ;  H, 6.2; K, 15.1; 
C,,H,,N,0,S,0~5H20 requires C, 55.6; H, 5.9; X, 15*1O,b). 

Various  Routes to I .C. I .  50,123. *-~-TryPtoPhy l -~ -  
rnethionine methyl estev Jbydrochloride. A solution of A--t- 
butoxycarbonyl-L-tryptophyl-L-methionine methyl ester 
(8.99 g., 20 mmole) in warm ethyl acetate (20 ml.) was cooled 
to 20" and treated with 3.45 ru-hydrogen chloride in ethyl 
acetate (50 ml.). The solution was kept a t  20-22" for 
2 hr., dry ether (500 ml.) was added, and the solid (7.74 g., 
1OOyo), in. p. 95-105" (decomp.), RFll 0.66, RR,c 0.83, 
was collected and washed with dry ether. A solution of 
this hydrochloride (3-86 g., 10 mmole) in water ( 5  ml.'l 
was cooled to 0" and then shaken with ethyl acetate (7 inl.) 
and 50:; aqueous potassium carbonate (2 ml.). The 
ethyl acetate phase was separated and combined with tw\) 
further extracts of the aqueous phase with ethyl acetate. 
The combined extracts (30 m1.) were dried (MgSO,) and evap- 
orated, giving the corresponding base as a brown oil. 
This was dissolved in dimcthylformamide to give 6.0 ml. 
of solution, and the resulting solution was used immediately 

N- Cavbamoy l -L - t ryp to~~~~~I -~ - i i z e t~~ iony l -L -aspar t~ l -~ -  

* Patent pending. 
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in the preparation of N-t-butoxycarbonyl-I-alanyl-L- 
tryptophyl-L-methionine methyl ester [described in (b)  
below]. 

methyl ester. ( a )  A solution of N-t-butoxycarbonyl-P- 
alanine trichlorophenyl ester (0-184 g., 0.5 mmole) in 
dimethylformamide (2 ml.) was treated at 0" with L-trypto- 
phyl-L-methionine methyl ester hydrochloride (0.1 92 g., 
0.5 nimole) and triethylamine (0.07 ml.). The resulting 
solution was kept a t  0" for 48 hr. and then added to a mixture 
of ice (10 9.) and acetic acid (0.006 nil.). The mixture was 
extracted with ethyl acetate (3 x 10 nil.) and the ethyl 
acetate extracts were washed with 576 aqueous citric acid 
(10 ml.), water (5  ml.), N-aqueous sodium hydrogen carbon- 
ate (3 ml.), and water (3 x 3 ml.), then dried (MgSO,), 
and evaporated. The residue (0.224 g., 8676) was collected 
with light petroleum (b. p. 60-80") ( 5  ml.) and crystallised 
from a mixture of ethyl acetate (5 ml.) and cyclohexane 
(10 ml.), giving the tripeptide estev derivative (0.194 g., 750/6), 
111. p. 137-139" (138-139" after further recrystallisation 
from ethyl acetate), RFI 0.96, R,c 0.88, RF1" 0.71 (Found: 
C, 57.5; H, 7.0; S, 10.6. C,,H,,N,O,S requires C, 57.7; 
H, 7.0; N, 10.80,;). 

(b)  N-t-Butosycarbonyl-Q-alanine 2,4,5-trichlorophenyl 
ester (1.84 g., 5 mrnole) in dimethylformamide (4 ml.) 
was added a t  0" to a solution of L-tryptophyl-L-methionine 
methyl ester (6 mniolej in dimethylformamide (3.6 ml.). 
Acetic acid (0.03 nil., 0.G mmole) was added and the mix- 
ture was kept a t  0" for 48 hr. The product (2.23 g., 860/), 
m. p. 132-134" C1.97 g. (760/,), m. p. 138-139" after re- 
crystallisation from ethyl acetate], was isolated as described 
in ( a )  above. 

hydrnyide. A solution of the above ester (1.972 g., 3.79 
mmole) in methanol (25 ml.) was treated with 1000,o 
hydrazine hydrate (0.405 nil., 8.34 mniole). The mixture 
was kept a t  20-22" for 18 hr., and the hydrazide (0.842 g., 
43:,), m. p. 218-219" (deconip.) (unchanged after crystal- 
lisation from ethanol) was collected (Found: C, 65.0; 
H, 7.1;  N, 16.0. C24H36K605S requires C, 55.4; H, 7.0; 
AT, 16.1%). A second crop (0.232 g . ,  12%), m. p. 216-217" 
(dccomp.) was obtained by evaporation of the mother-liquors 
to 10 1111. 

~~-f-ButoxycairboPavl-I3-alnnyl-L-tryptophan methyl esfev. ,4 
solution of L-tryptophan methyl ester hydrochloride (6.43 g., 
23-25 mmole) 2o in water (40 ml.) was treated at 0-5" 
with 507A aqueous potassium carbonate (10 ml.). The oil 
was extracted into ethyl acetate (3 x 20 ml.) and the ex- 
tracts were dried (MgSO,) and treated with N-t-butoxycar- 
bonyl-F-alanine (3.78 g., 20 nimole). A salt separated; 
the solvent was therefore removed in vacuo at 20-25" 
and the residue dissolved in acetone (100 ml.). The solution 
was treated at 0" with NN'-dicyclohexylcarbodi-imide 
(4.12 g., 20 mniole) and stirred at 0" for 48 hr. Acetic acid 
( 5  drops) was added and the mixture was kept at 20-25" 
for 20 min., and then filtered. The residue and the solid 
obtained by evaporating the filtrate were combined and 
digested with boiling ethyl acetate. The suspension was 
quickly cooled to 30" and filtered from XN'-dicyclohexyl- 
urea. The filtrate was washed with 0.5N-hydrochloric 
acid , water, x-sodium hydrogen carbonate solution, and 
water, then dried (MgSO,) and evaporated. The residue 
(6.07 g., 77y0), m. p. 155-157", was collected and washed 
with ether, and crystallised from ethyl acetate, yielding 
the ester, m. p. 157-158", RFrl 0-87, RF(; 0.82 (Fo~ i id :  C, 

N-t-Butoxycarbo~~~~l-P-alanyl-L-tryptophyl-~-methionine 

~--t-Butoxycarbon3,I-Ij-aZanyZ-L-tvyptop~zyZ-L-methionine 

62.3; H, 7.0; N, 10.5. C20H27N305 requires C, 61.6; H, 
7.0; N, 1 0 * 8 ~ o ) .  
N-t-Butoxycavbonyl-Ij-alanyZ-~-try~tophan hydrazide. A 

solution of the preceding methyl ester (3-89 g., 10 mmole) 
in warm methanol (50 ml.) was cooled to 20" and treated with 
lOOo/b hydrazine hydrate (1.07 ml., 22 mmole). The solu- 
tion was kept a t  20-22" for 48 hr. and the solid (2.1 g., 
547;) and a second crop (1.36 g., 35y0), obtained by evapor- 
ation of the mother-liquors, were collected. The two crops, 
ni. p. 186-188" (deconip.) were combined and crystallised 
from ethanol, yielding the hydvazide, m. p. 198-199" 
(decomp.), RFp 0-28 (Found: C, 58.5; H, 6-9; X, 17.7. 
C1,H,,S,O, requires C, 55.6; H, 7-0; N, lS.Og/,). 

N-t-Uutoxycarbonyl- (3-alany l-L-tvyptop hyl-L-methiony l-L- 
aspartyl-L-phenylalanine amide (I.C.I. 50,123). ( a )  A 
solution of L-tryptophyl-L-methionyl-L-aspartyl-L-phenyl- 
alanine amide trifluoracetate (3.55 g., 5 mmole) and N-t- 
butoxycarbonyl-P-alanine 2,4,5-trichlorophenyl ester (2.20 
g., 6 nimole) in dimethylformamide (30 mi.) was treated 
a t  0" with triethylamine (1.40 ml., 10 mniole). The mix- 
ture was stirred a t  4" for 36 hr. and then a t  20-23" for 24 
hr., and then added to a mixture of ice-water (100 ml.), 
N-hydrochloric acid (5 ml.), acetic acid (0.6 ml.), and ethyl 
acetate (25 ml.). The solid was collected, washed five 
times with water and five times with ether, and dried a t  
40" in vacuo, yielding the pure pentapeptide derivative (3-785 
g., 98o;b), ni, p. 229-230" (decomp.) (variablc with rate of 
heating), RFh 0-83, R I l ~  0.74, RFC 0.54, R p , l ~  0.82, El.9 
(thin-layer) = 0, El.9, 6 . 5 ,  8.0  (paper) = 0, [E],,~~ -28.8" & 
0-5" (c 1.0 in dimethvlformamide), amino-acids in acid 
hydrolysate of 1 pmole, b-ala 0.97, asp 1.00, met 0.99, 
phe 1-00, try 0.60 pmole, and in alkali hydrolysate of 1 
pmole, Q-ala 0.65, asp 0.97, met 1.00, phe 1.03, try 0.97 
prnole (Found: C, 57.4; H,  6.4; N, 12.4. C3,H4,N,0,S 
requires C, 57.9; H, 6.4; K, 12.8y0). A solution of the 
derivative in water containing two equiv. of ammonium 
hydroxide had Amin. 246.5 mp (E 2080); hinf 272-275 
(5040); h,,,. 280 (5340) and 289 (4590). For recrystal- 
lisation, this product was treated with boiling 2-ethoxy- 
ethanol (100 ml.) and dissolved rapidly by vigorous stirring 
a t  the boil (1-2 min.). The hot solution was filtered and 
the filtrate and washings (total 150 ml.) were cooled to 80" 
and treated with distillecl water (100 ml.). Colourless 
needles (3.306 g., 86%), which were indistinguishable from 
the product prior to crystallisation in m. p., chromatographic 
behaviour, and optical rotation, were obtained on cooling. 

niethionine hydrazide (0.521 g., 1 mmole) was added at 
-20" to a solution of 0-91N-hydrogen chloride in tetra- 
hydrofuran (2.2 ml., 2 mmole). The mixture was stirred 
for 2 min., then n-butyl nitrite (0.12 ml., 1.05 nimole) was 
added dropwise, and the mixture was further stirred a t  
-20 to -226" for 6 min. Half the resulting solution was 
then added at -10" to a solution of L-aspartyl-L-phenyl- 
alanine amide (0.163 g., 0-55 mmole) in a mixture of 
dimethylformamide (2 ml.), water (0.1 ml.), and triethyl- 
amine (0.294 ml., 2.1 mmole). Water (0.1 ml.) was added 
and the solution was stirred at 0" for 72 hr. The resulting 
mixture was acidified to pH 3.5 with 5% aqueous citric acid 
then added to ice-water (20 g.). The solid (0.2SO g., 73%), 
m. p. 210-211" (decomp.), was collected and washed with 
water (3 x 10 ml,), and dissolved in boiling 2-ethoxyethanol 
(7 ml.) ; the solution was rapidly cooled to 80" when water 

2o K. A. Boissonnas, St. Guttmann, R. L. Huguenin, R.-A. 
Jaquenoud, and Ed. Sandrin, Helzf. Chiin. Actn,  1955, 41, 1867. 

( b )  N-t-Butoxycarbonyl-p-alanyl-L-tryptophyl-L- 
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(7 nil.) was added, giving crystals of the pentapeptide 
derivative (0.120 g., 31%), in. p. 226-227" (decomp.) on 
cooling. The pure compound, in. p. 229-230" (decomp.), 
was obtained after a further recrystallisation from aqueous 
2-ethoxyethanol and was identical with the sample prepared 
as described in ( a )  above. 

(c) N-t-Butoxycarbonyl-p-alanyl-L-tryptophan hydrazide 
(0-389 g., 1 mmole) was added a t  -20" to a stirred solution 
of 0-91N-hydrogen chloride in tetrahydrofuran (2.2 ml., 
2 mmole). The solution was stirred at  -20" for 2 min., 
then freshly distilled n-butyl nitrite (0.12 ml., 1-06 mmole) 
was added and the mixture was further stirred a t  -20 to 
-25' for 6 min. The resulting solution was added a t  0" 
to a solution of L-methionyl-L-aspartyl-L-phenyldanine 
amide hydrochloride (0.447 g., 1 mmole) in a mixture of 
dimethylformamide (5  ml.) , water ( 2 - 5  ml.), and triethyl- 
aniine (0.56 ml., 4 mmole). The mixture was stirred a t  
0" for 1 hr., then diniethylformamide (5  ml.) and water 
(7.5 ml.) were added. The resulting mixture was stirred a t  
0" for 96 hr., then acidified to pH 3.5 with 5% aqueous citric 

acid, and added to a mixture of ice-water (50 8 . )  and ethyl 
acetate (50 ml.). The solid was collected and crystallised 
from aqueous 2-ethoxyethanol, yielding the pure penta- 
peptide derivative (0.162 g., 21%) identical with the sample 
prepared as described in ( a )  above. 

@-A lanyl -L-tvyp topIzy1- L-methao nyl-L-aspwtyl-I.-phe ny l- 
alanine anaide hydrochloride. This Izydvochloride (90 
yield), m. p. 208', 0.47, El.9 (paper) = 0.33 x his, 0.32 
x 8-ala, 0.43 x phe, El.* (thin-layer) = 0.72 x ala, 0-64 x 
phe, E6.5 (thin-layer) = 0-38 x ala, &.,, (thin-layer) = 0.48 
x his, 0.50 x p-ala, was obtained by cleavage of the preced- 

ing t-butoxycarbonyl-derivative (0.154 g., 0.2 mmole) in 
acetic acid (1 nil.) with 3.8 N-hydrogen chloride in ethyl 
acetate (0.27 ml., 1 mmole) (45 min. a t  18-20") (Found: 
C, 54.5; H, 6.1; C1, 5.0. C,,H4,N,0,S,HC1 requires 
C, 54.6; H, 6.0; C1, 5*050/,). 

IMPERIAL CHEMICAL INDUSTRIES LIMITED, 

ALDERLEY PARK, MACCLESFIELD, 
PHARMACEUTICALS DIVISION, 

CHESHIRE. [5/1049 Received, September 30th, 19653 
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