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A number of amides of [4-glutamic acid]deamino-1-carba-oxytocin, as well as certain derivatives
of amino acids, and a protected hydrazide of the above-mentioned peptide were prepared by a re-
action with the amino-comnponent, using dicyclohexylcarbodiimide and 1-hydroxybenzotriazole.
The analogues were checked for uterotonic and galactogogic activity.

The synthesis of [4-glutamic acid |deamino-1-carba-oxytocin® () initiated the pre-
paration of a series of analogues containing a glutamic acid*** residue modified
in the y-carboxyl. The synthesis of this type of compounds has not been described
so far; the only pharmacological resulis were obtained in the assay of the uterotonic
activity of [4-glutamic acid y-methyl ester]oxytocin and a similar derivative of de-
amino-oxytocin®. [4-Aspartic acid B-methylamideJoxytocin® and its deamino-deriva-
tive*, which have the modified amide bond nearer to the backbone of the molecule,
had approximately 10%, of the uterotonic activity of oxytocin.

In the preparation of amides we used a reaction’ that had been applied successfully
for proving the strocture of analogue I by transforming it to deamino-1-carba-oxy-
tocin®, whose biological activities are known. Compound I reacts with the amino
component in the presence of dicyclohexylearbodiimide and 1-hydroxybenzo-
triazole. The reaction mixture was treated in such a way that the procedure was
independent of the physical properties of the product obtained and could always be
performed under the same conditions. The reaction takes place in dimethylformamide
and it is therefore neccessary for the product to be sufficiently soluble in this medium
{at least 2mg in 1 ml). After the termination of the reaction the peptide material
was separated from the surplus of reagents by filtration through a column of Sephadex

* Part CLVI in the series Amino Acids and Peptides; Part CLV: This Journal 44, 2447
(1579). .

*k Predoctoral fellow from the Institute of Infectious and Parasite Diseases, Bulgarian
Medical Academy of Sciences, Sofia, Bulgaria.

***  The amino acids used in this work were of L-configuration. The nomenclature and sym-
bals of amino acids and peptides are used according to published suggestions®.
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LH-20 and purified by gel filtration on Bio-Gel P—4 in 3M acetic acid, The analogues
[1I-XIII were characterized by elemental analysis, thin-layer chromatography and
amino-acid analysis. The amines used could not be determined by amino-acid
analysis because the colour yield of their reaction with ninhydrin was very low.

In most cases a side product was formed which was separated by gel filtration on Bio-Gel
P—4, This substance was prepared from analogue I by reaction with dicyclohexylcarbodiimide
and 1-hydroxybenzotriazole in the absence of the amino component. The possibility that this
compound has the structure of a lactone as & result of inter- or intramolecular esterification
of the hydroxyl of the tyrosine residue was disproved by infra-red spectroscopy (no band cor-
responding to an ester group was found in the spectrum), and also by ultraviclet and circular
dichroism spectra (in both cases the dependence of the spectrum on the pH of the solution gave
evidence of a product with a free tyrosine hydroxyl). The reaction product was chromatographi-
cally identical with compound I¥ and had similar pharmacological properties. It was therefore
concluded that its structure {s that of dimethylamide 7V, The dimethylamine necessary for this
reaction is apparently present in the dimethylformamide used as solvent®.
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The new analogues II]—XIIT were tested for uterotonic activity in vitre”:® and

galactogogic activity in vive”*'%; the results are stated in Table I together with those
of reference analogues. Both activities of methylamide III are significantly lower
than those of amide IT but their ratio remains virtually unchanged. By conirast,
dimethylamide I ¥had higher galactogogic than uterotonic activity and thus resembied
acid I. A similar specificity of the galactogogic effect was observed in the case of p-to-
luidid VI, protected hydrazide VII and the glycinamide derivative IX. The derivative
of glycine methyl ester X had even higher specificity, whereas the analogue lengthened
by tripeptide amide XI showed a decrease in the specificity of the galactogogic
effect, as well as in the absolute value of the activities. Both derivatives containing
g-aminocaproic acid with a free or protected carboxyl group had ten times higher
galactogogic activity than uterotonic, On comparing zinalogues I and XIIT it can be
seen that the greater the distance of the free carboxylic group from the backbone of the
molecule, the higher the uterotonic activity of the analogue. On the other hand,
adamantylamide V and free hydrazide VIIT have higher uterotonic than galactogogic
effects. The comparison of three pairs of compounds, namely I and f1, IIf and IV,
VII and VIII, indicates that the receptors specific for the uterotonic and galactogogic
response may differ in the region that is near the glutamic acid residue at the moment
of the binding of the peptide to the receptor. The decrease of biological activities

TasnLE I
Uterotonic and Galactogogic Activities (I, U./mg) of Analogues of Deamino-1-carba-oxytocin

Com- Uterus Mammary gland B/A
pound in vitro (A) fn vivo (B)

I 1-0 39:0 39

1 1898 604 0-32
¥l 40-7 122 0-30
v 4-26 343 81
V 92 82 -89 |
Vi 21-2 100 47
vir 324 216 67
VHI 19-4 13-8 071
1Y 53 36°5 69
X 10-2 98-0 9-6
XTI 0-15 0-29 1-9
X 2-36 233 9-85
Xnr 4-78 427 8-90
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could also be attributed to a pariial change in the secondary structure caused by the
presence of a substituent in position 4; in this case various modifications in this
part of the molecule would have a similar effect on the alteration of the configuration.
The fact that various substitutions do not result in total loss of activity is advantageous
and makes it possible to synthetize compounds containing reactive groups®!:'?
in place of the glutamic acid residue and have sufficient affinity to the receptors,
thus decreasing the possibility of non-specific binding. Moreaver, each substitution
in this position influences the uterotonic and galactogogic activity of the resultant
compound to a different degree (Table I). This approach enables us to obtain com-
pounds with specific galactogogic activity'?

However, the fact that these analogues are active is not in agreement with the
assumption that the so-called “active site” of the oxytocin molecule contains the
y-carboxamide group of glutamine. The substitution of glutamine, for example,
by the adamantyl residue (V) or the p-tolyl residue (VI), alters the character and
possibly even the accessibility of the hypothetical active site (¢f.'%).

EXPERIMENTAL

Samples for eiememal analysis were dned for 24 h at room temperature and 150 Pa. Thin-layer
chromatography was carried out on ready-for-use plates (Silufol, Kavalier) in the solvent sys-
tems; 2-butanol-98%, formic acid-water (75:.13-5: 11-5} (51), 2-butanol-25% ammonia-water
(85:75:75) (82), l-butanol-acetic acid-water (4:1:1}) (8§3) and pyridine-1-butancl-acetic
acid-water (10:15:3:5) (84). Detection was perfnrmcd by means of chlorination method.
Samples for amino acid analysis were hydrolyzed for 20 h at’ 105°C in 6M-HCI {in ampoules
sealed at 150 Pa). The analyses were carried out on an autnmatlc analyzer (Development Work-
shops, Czechoslovak Academy of Sciences, Prague, type 6020). Dimethylformamide was dried
over P205, distilled in vacuo, shaken for several days with BaO and redistilled. Water and acztic
acid in elemental analyses were calculated for the best fit w1th values determined and were not
estimated analytically.

Preparatibn bf Analogues of Deamino—l-carbn-.oxytocin Having a Modified Glutamine Resi-
due in the Position 4

Procedure’ A: To the solution of [4-glutamic acid]deamino-l-carba-oxytocin® (1) (5 mg)
in dimethylformamide (250 pl}, 1-hydroxybenzotriazole {13-5 mg) and an appropriate amine
(50 pm) were ‘added. The mixture was cooled to 0°C and dicyclohexylcarbodiimide (20-6 me)
was added. After standing for 1 h at 0°C and 20 h at room temperature the mixture was diluted
with dimethylformamide (I-5 ml), separated dicyclohexylurea was removed by filtration and the
solution was transferred onto a column (100 -1 cm) of Sephadex: LH-20 in dimethylformamide.
The peak containing peptide materidl was evaporated fn vacro using an. oil pump at room tempe-
rature. The residue was dissolved in a mixture of methanol (0:2 mb) and 3m acetic acid {2 ml)
and placed on 2 column (100 X 1 cm) of Bio-Gel P—4, The peptide was recovered by lyophiliza-
tion. The yiélds were in the range of 50—70%. Properties and analytical data are given in TableII.
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TasLe IT
Characteristics of the New Analogues
-Rz; ' " Calenlated/Found Amino-acid composition
Analogue ———— Formula : ;
Method .. S1. . 83 (mw.) . ° ° o Asp. Pro Ile Tyr
sz s4 _ #C %AH %N Gy Gly Leu Cys(C,H,0,)
I 035 o4 ' I e
Ir 021 026 : : - o b _ . R
A 016 066 S . -
. 024 028 CusHggN, 04,8, 5310 7-00 13-90 1-01 1-02 099 092
A B 018 065 .2C,H,0, 5326 711 13-84 1-01 104 1-04 0-9B
Iv: 022 026 CueH, Ny,0,,8. 5165 731 1380 - 1-03 1-00 1-00 0-98-
B 018 066 .C;H,0,.3 H,0 5187 704 1369 - I-01 1-04 1-05 091
(1116} . S . . o :
V 047 053 Cg5,HgN; 0,8, 54-11 702 1170 1-00 I-03 0-94 098
B 042 o7 .2C,H,0,2H,0 5436 739 1202 0-96 1-04 101 1-04
: (1282)

Vi 043 055 C4Hq.5N;,0,55. 5334 708 1244 699 100 097 100
A 036 077 2C,H;0,3H,0 5321 676 12:47 095 1-00 1-02 1-08

L . (1 238) . IR L . . - .
VIl 039 049 C,pHpgNj,0,,8. ° 5188 720 14-82 1-05 0-92 0-99 0-99
A 037 075 2:5H,0 : 51-76 7-51 ‘15304 0-9% 1-02 105 104

C(1134) i ' ' :

VII 010 047 CuuHggN;;0,5,8. 5008 712 1523 1:00 097 097 0:99
el 071 .C,H,0,3H,0 4986 694 1539 © 097 1-00 1-01 107

T L S S
Ix 014 022 CueHqgN,5048. 5166 690 1475 101 098 0-99 098
B 009 064 .I'5C,H,0,H,0 5184 672 1472  1-03 192 1-00 1-08

(1139) _ T

b'¢ 028 032 C,,H;;N;,0,,8. 5072 704 13-28 097 1-00 1-00 1-02

B 018 068 .C,H,0,3 H,0 5062 684 1350 097 201 1-03 1-10

X1 020 025 C5,HggN;,0,58. 5092 712 1523 098 2:03 102 099

A 018 067 .C,H,0,.5H,0 5096 694 1539 098 196 2:00 103 -+
; T e R A |

Xl 041 051 Cg,HgsN, 0,,8. . 5453 762 1295 105 1-00 096 0:99 094
A 038 075 25H,0 5429 733 1320  0-99 1403 1-03 1-00

. (1189)

XHI 034 044 CggH; N;;O,S. = 5086 698 1282 . 101 0:96 0:57.1-00 1-024
006 067 ~C,H 0,4 H,0 5018 7-35 1262 . 0-99 1105 1.02 098
. (1 220) e -

# Ref.l: Pref%; ¢ hydrobromide; ¢ g-aminocaproic acid.

i
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Procedure B: When the hydrochloride of an amine was used (50 pus), 7 pl more of N-ethyl-
piperidine were added to the reaction mixture.

[4-Glutamic Acid y-Dimethylamide]deamino-I-carba-oxytocin (I )

Compound I (5 mg) was subjected to reaction conditions described under procedure 4, without
adding an amine. Isolation and purification were done in the described way and the product
of this reaction had the same behaviour as the impurity separated in other cases during gel-filtra-
tion.

[4-Glutamic Acid y-Hydrazide]deamino-1-carba-oxytocin (VIIT)

The protected hydrazide VII (10 mg) was dissolved in trifluoroacetic acid (0-3 ml) and after
standing at room temperature for 80 min the solution was diluted with toluene (-3 ml) and
evaporated at room temperature. The residue was precipitated from methanol and ether, yield
82 mg. Part of this product (2 mg) was dissolved in methanol (0-1 ml) and 3m acetic acid (1 mi),
purified by gel-filtration (Bio-Gel P-—4), and used for biological tests.

[4-y-Glutamoyl-g-aminocaproic Acid]deamino-1-carba-oxytocin (XIII)

Compound XIJ (10 mg) was dissolved in trifluoroacetic acid (0-5 ml) and after standing for I h
at room temperature the solution was evaporated; yield, 8 mg. Analytical data are given in Table II,

Pharmacological Methods

The uterotonic activity was determined on isolated strips of the rat uterus 8 suspended in Mg?*-

~free solution. The galactogogic activity was assayed using lactating rats (510 days after parturi-
tion)""1 0,

We wish to thapk Mrs H. Kovdrovd for performing seme of the pharmacelogical tests. Our

thanks are due to Mrs H. Farkafovd for performing the amino-acid analyses. Elemental analyses
were performed at the Analytical Department of our Institute headed by Dr J. Hordcek,
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