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A study was made of the influence of the so-called carba substitution of the disulphide bridge 
on the properties of inhibitors obtained by the introduction of deaminopenicillamine into posi­
tion 1 of the oxytocin molecule. Two analogues -- (dPen 1 jcarba-6-oxytocin (la) and [dPen1 , 

Tyr(Me)2jcarba-6-oxytocin (lb) were prepared and their biological activities were assayed. Com­
pound Ja is a strong agonist in the uterotonic assay in vit·o (280 I.V.jmg) and a weak antagonist 
in the pressor assay. Compound Ib inhibited the uterotonic activity of oxytocin in vitro (pA2 = 

= 8'43) and in vivo (pA2 = 7·13) as well as the pressor action of lysine vasopressin (pA2 = 7'43). 

Considerable attention is being paid to studies of the inhibitors of neurohypophysial 
hormones (for review, see1,2). The introduction of alkyl groups at the p atom of cys­
teine** in position 1 of the peptide chain was found to be one of the most effective 
modifications for producing inhibitory analogues of oxytocin and vasopressin3 . When 
an additional modification was performed in position 2, highly potent antagonists 
of the uterotonic action of oxytocin were obtained4 . One of the important features 
of the analogues containing penicillamine in position 1 is their greater rigidity, 
which was established by measuring the relaxation time in 13C NMR spectra (for 
review, seeS). The rigidity may lead to slower metabolic degradation of the analogue. 
Moreover, it may hamper the establishment of the conformation necessary for 
evoking a biological response while binding to the receptor would remain unaltered 
or even increased due to the presence of lipophilic substituents in the analogue 
molecule. 

The carba substitution of the disulphide bridge in most cases led to an increase 
in the activity of analogues6 • 7, with some exccptions8 . The increase in activity could be 
due to higher affinity to the receptor concerned, or to greater flexibility of the mole­
cule, enabling it to assume the biologically active conformation more easily. 

• Part CLXXXVI in the series Amino Acids and Peptides; Part CLXXXV; This Journal 49, 
1921 (1984). 

** The abbreviations and nomenclature follow the recommendations published in Biochemical 
Nomenclature and Related Documents, International Union of Biochemistry 1978. 
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Carba-6-analogues of Oxytocin 2013 

We decided to investigate the effect of the two above-mentioned simultaneous 
modifications in an oxytocin analogue. We prepared compounds la and lb. 

In order to synthetize a carba analogue modified in the region of the disulphide 
bridge, we required a sui able amino acid derivative that would enable the cycliza­
tion. We decided to prepare a deaminopenicillamine analogue because the presence 
or absence of the IX-amino group did not have any great influence on the activity 
of the resultant analogues9 ,lo. In a trial experiment, we performed the addition 
of cysteine to 2-methyl-2-butenoic acid and obtained dicarboxylic acid II the struc­
ture of which was confirmed by 1 Hand 13C NM R and mass spectrometry. The ad-, 
dition of homocysteine was more difficult, resulting in a mixture of products IIIa 
and I V, the structure of which was determined by 1 H NMR spectroscopy. When 
alkylation was performed at pH 8. the products formed were completely racemic 
and so the alkylation was carried out at pH 7 for a longer time. We were unable 
to produce the derivative II I c necessary for the preparation of the IX-peptide by esteri-
1ication using a methanol solution of hydrogen chloride as in the case of S-(~-carboxy­
ethyl)homocysteine ll . This may be attributed to the very strong steric hindrance 
of the Cll-carboxyl. It was necessary to ptrform total esterification resulting in com­
pound II I b, followed by the selective hydrolysis of the (X-ester group, producing 
derivative IIIe. The amino group was protected by tert-butyloxycarbonyl group 
(I II f) and tetrapeptide I I I g was then obtained by condensa tion with carboxy-termi nal 
tripeptide. In an alternative procedure. the derivative IIIe with both carboxyl groups 
free was condensed by the carbodiimide method with the terminal tripeptide, and the 
preferentially (70%) formed tetrapeptide HIll was purified by silica gel chromato­
graphy, or the free form IIIi by ion-exchange chromatography. The peptide chain 
was synthetized stepwise using active esters and o-nitrobenzenesulphenyl protecting 
groups. The removal of the protecting group has to be performed under conditions 
that do not favour the formation of the chloride which could split off the tert-butyl 
substituent of sulphur12• We used thiosemicarbazide hydrochloride and/or a solu­
tion of hydrogen chloride in ether containing a surplus of ethanethiol. We performed 
the hydrolysis of methyl ester at the stage of heptapeptide VIIb. The octapeptide, 
obtained by acylation with a derivative of tyrosine, was cyclized by the method 
of Krojidlo 13, i.e. by removing the protecting group, converting the octapeptide 
hydrochloride to an N-hydroxybenzotriazolyl ester and transferring it to an alkaline 
medium. By constrast with similar cyclizations of other carba analogs of oxytocin, 
\\e had to increase the reaction temperature in the present experiments. This was 
probably necessitated by the steric hindrance of the ro-carboxyl of the homocysteine 
derivative. The resultant analogue I (/ was purified by reverse-phase liquid chromato­
graphy. 

Analogue Ib was obtained in the same way, lIsing N-tcrt-butyloxycarbonyl-O-me­
thyltyrosine as active ester for acylation in the penultimate step. 

The biological activities of the compounds prepared are given in Table I, together 

Collection Czechoslovak Chern Commun. [Vol. 49J [19841 



o 2- to
 n. o· ::

l o ~ n :T
 

o <I
I 0"
 Oi "'" o ::r
 

CD
 ~ o o 3 3 c ? '<
 
~
 

~
 j 

T
A

B
L

E
 1

 

A
ct

iv
it

ie
s 

o
f s

om
e 

ox
yt

oc
in

 a
na

lo
gu

es
 (

I.
 U

./
m

g)
 

C
om

po
un

d 

O
xy

to
ci

n 

[D
ea

m
in

op
en

ic
il

la
m

in
e ]

ox
yt

oc
in

 

D
ea

m
in

o-
6-

ca
rb

a-
ox

yt
oc

in
 

[2
-0

-M
et

hy
 !t

yr
os

in
e ]

de
am

in
o-

6-
ca

rb
a -

ox
yt

oc
in

 

[D
ea

m
in

op
en

ic
il

la
m

in
e]

-6
-c

ar
ba

-o
xy

to
ci

n 
(/

U
) 

[D
ea

m
in

op
en

ic
il

la
m

in
e,

 2
-0

-m
et

hy
!t

yr
os

in
e]

-
ox

yt
oc

in
 

[D
ea

m
in

op
en

ic
il

la
m

in
e,

 2
-0

-m
et

hy
lt

yr
os

in
e]

­
-6

-c
ar

ba
-o

xy
to

ci
n 

(J
b)

 

U
te

ru
s 

in
 v

it
ro

 

45
0 

p
A

l 
6

'9
4

a
-

d 

7'
14

 

92
9

f 

3.
1 

h 

16
.2

 i 

p
A

l 
7

'7
6

i 

pA
2 

S'
43

i 

U
te

ru
s 

il
l 

si
tu

 

45
0 

27
92

f 

75
h 

27
9'

S
i 

p
A

l 
6'

S6
i 

pA
2 

7'
13

i 

A
nt

id
iu

re
ti

c 
ac

ti
vi

ty
 

3 

11
7-

9f
 

4'
S

I i
 

0
'0

2
k 

0'
52

5
i 

P
re

ss
or

 
ac

ti
vi

ty
 

3 

pA
2 

6
'2

7
e 

1'
5

f 

p
A

l 
6'

S2
i 

p
A

l 
7·

59
i 

pA
2 

7'
43

; 

G
al

ac
to

go
gi

c 
ac

ti
vi

ty
 

45
0 

45
6

9 

IS
h 6'
9

i 

pA
2 

6
'9

4
k 

in
ac

ti
ve

 i
n 

do
se

s 
re

ac
hi

pg
 

2
.1

0
-

2 
m

g 

a 
S

ch
ul

z 
an

d
 c

ow
or

ke
rs

3
; 

b 
C

h
an

 a
n

d
 c

ow
or

ke
rs

 1 9
; 

C
 
M

an
ni

ng
 a

n
d

 c
ow

or
ke

rs
1

8
; 

d 
V

av
re

k 
an

d
 c

ow
or

ke
rs

2
9

; 
e 

N
es

to
r 

an
d

 c
ow

or
ke

rs
2

0
; 

f 
B

ar
th

 a
n

d
 c

ow
or

ke
rs

6
; 

9 
B

ar
th

 a
nd

 c
ow

or
ke

rs
 7 ;

 
h 

B
ar

th
 a

nd
 c

ow
or

ke
rs

2
1

; 
i 

th
is

 p
ap

er
; 

j 
L

ow
br

id
ge

 a
nd

 c
ow

or
ke

rs
4

; 
k 

S
aw

ye
r 

an
d

 c
o­

w
or

ke
rs

3
0

• 

~
 ... ~ ~
 
~
 

o:
l 

I>
l ... ?' ~
 ... <
 

::;
.' ~ ~
'
 

en
 

i>i
 e. ~ ~

'
 =
 

... 0
" 

I>
l '" 



Carba-6-analogues of Oxytocin 2015 

with the activities of some other compounds used for comparison. It is surprising 
that analogue Ia was an agonist in most tests; its activity was similar to that of oxy­
tocin (uterus in vivo) or even higher (antidiuretic assay). A weak inhibitory effect 
was observed only in the pressor assay. 

(CH3h-C S-CHz-- ---- CHz 
I I 

CHz-CO-Tyr(R)-Ile-Gln-Asn-NH-CH-CO-Pro-Leu-Gly-NHz 

la, R = H Ib, R = CH3 

HCys(C(CH3)zCH1COOH)OH 

II 

R I-Hcy(C(CH3hCH1COORz)OR 3 

IlIa, Rl = R Z = R3 = H, 
I1lb, Rl = H, R Z = R3 = CH3, 
I1Ic, Rl = H, RZ = CH3, R3 = H, 
IIId, Rl = H, RZ = H, R3 = CH3, 
I1Ie, R 1 = Boc, R Z = R Z = H, 
I1I/, Rl = Boc, R Z = CH3, R3 = H, 
IIIg, Rl = Boc, R Z = CH3, R3 = Pro-Leu-Gly-NHz, 
1I1h, Rl = Boc, RZ = H, R3 = Pro-Leu-Gly-NHz, 
IIIi, Rl = R Z = H, R3 = Pro-Leu-Gly-NHz 

HHcy(CH(COOH)CH(CH3)1)OH 

IV 

Nps-Asn-Hcy(C(CH3)zCHzCOOCH3 )-Pro-Leu-Gly-NHz 

V 

Nps-Gln-Asn-Hcy(C(CH3)lCHzCOOCH3)-Pro-Leu-Gly-NH1 

VI 

RI-I1e-Gln-Asn-Hcy(C(CH3)zCHzCOORz)-Pro-Leu-Gly-NHz 

VIla, R 1 = Nps, R Z = CH3, 

VIlb, Rl = H, RZ = H, 
VIle, R 1 = Boc-Tyr(Bul), R Z = H, 
VIId, Rl = Boc-Tyr(Me), R Z = H 

The substitution of the tyrosine hydroxyl usually increased the inhibitory proper­
ties of the resultant analogue. However, this modification alone did not produce 
an antagonist. The influence of this substitution has been studied in detail (for 
review, see14). The introduction of O-methyltyrosine into the carba-6 analogue 
containing deaminopenicillamine in position 1 resulted in a very potent inhibitor 
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of uterotonic activity in vitro and in vivo. Its potency was similar to that of the most 
effective uterotonic inhibitor15 , namely [~,~-Et 2-M pa t, Tyr(Me y ,OmS] oxytocin 
with the pA2 value equal to 7·35. The transformation of a strong agonist into an anta­
gonist by alkylating the tyrosine residue has not been reported as yet; analogues 
containing an S - S group and a dialkyl group in position 1 had greatly reduced 
activities or were antagonists. A similar situation exists in the case of deamino­
-6-carba-oxytocin, where a change of configuration of the alkylated phenylalanine 
in position 2 resulted in very potent inhibitors 16. 

The agonistic activity of I a suggests that a more rigid molecular structure is really 
important for obtaining inhibitors. The S - S grouping is considerably more rigid 
than the CH 2-S group and the conformational constraints brought about by intro­
ducing alkyl groups to position 1 can be compensated more easily in the carba-ana­
logue than in a compound containing a disulphide bridge. 

Unexpectedly, the galactogogic activity of fa was very low, whereas its uterotonic 
activity was high. The contrary is more common - almost any modification de­
creased the uterotonic activity more than the galactogogic effect (the analogues 
with the most specific galactogogic effect were produced in this wayl7). The fact 
that the compound fa has a higher antidiuretic activity than oxytocin is not so sur­
prising when we take into account that it is a carba-6-analogue and that this type 
of analogue is very potent antidiuretically. 

EXPERIMENTAL 

Analytical samples were dried over phosphorus pentoxide in vacuo (150 Pa) at room temperature. 
Melting points were determined on a Kofler block and are uncorrected. Thin-layer chromato­
graphy was performed on Silufol plates (Kavalier, Czechoslovakia) in the following systems: 
2-butanol-98% formic acid-water 75 : 13·5 : 11·5) (S I), 2-butanol-25% aqueous ammonia-water 
\85: 7·5: 7·5) (S2), I-butanol-acetic acid-water (4: I : I) (S3), and I-butanol-pyridine-acetic 
acid-water (15: 10 : 3 : 6) (S4). Electrophoresis was carried out on What man 3MM paper, 
(moist chamber, 20 V!cm, 1 h) in 1 M acetic acid (pH 2'4) and in a pyridine-acetate buffer (pH 5· 7); 
detection with ninhydrin or chlorination method. Solvents were evaporated on a rotatory 0va­
porator (bath temperature 30°C) in the vacuum of a water pump; dimethylformamide was eva­
porated at the same temperature at 150 Pa. Amino acid analyses were performed on a two-column 
apparatus type 6020 (Development Workshops, Czechoslovak Academy of Sciences). The 
NMR spectra were measured in C 2 HCl 3 or 2 H20 on a Varian XL-200 instrument in the FT 
mode, the lH NMR spectra at 200 MHz and the 13 C NMR spectra at 50'3 MHz. Chemical 
shifts are referenced to tetramethylsilane. The multiplicity of signals in the 3 C NMR spectra 
was determined by a lH-off-resonance decoupling experiment. Mass spectra were taken on an 
AEI-MS-902 spectrometer (70 eV, direct inlet). Optical rotations were measured on a Perkin-EI­
mer 141 MCA instrument. High performance liquid chromatography was carried out on an SP­
-8700 instrument (Spectra-Physics, Santa Clara, USA), equipped with an SP-8400 detector and 
SP-41OO integrator of the same provenience. Analytical chromatography was done on a 25 y 0-4 
cm Separon SJ-C-18 column (Laboratorni pi'istroje, Prague). 
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S-[2-(2-Methyl-I-carboxypropyl)]cysteine (II) 

Cysteine hydrochloride (2 h) was dissolved in watcr (40 ml) and the pH value of the solution 
was adjusted to 8 by adding I mol. I -1 NaOH. A solution of 2-methyl-2-butenoic acid (3 g) in me­
thanol (40 ml), with pH adjusted to 8 by the addition of I mol. 1- NaOH, was added to the first 
solution and the mixture was refluxed for 4 h. The mixture was stirred in the presence of air 
for 4 days and the precipitate was removed (electrophoresis revealed cystine). Acetone (400 ml) 
was added and the precipitate was collected, dissolved in a mixture of methanol and water (1 : I) 
and applied to a column of Dowex 50 (70 ml). The column was washed with the mixture of metha­
nol and water and the product was eluted with a 15~~ solution of pyridine. The yield was 1·8 g 
(64~~) of product, m.p. 154-156°C. RF 0'38 (SI), 0·02 (S2), 0'33 (S3), 0·29 (S4); E~~7r 0'65, 
Ef'! 0·46. For CS H15 N04 S (221'3) calculated: 43'42% C, 6'83/~ H 6'33% N; found: 43·18% C, 
6'90% H, 6'14% N. [IX]O -11'9° (c 0'13; dimethylformamide); -8,80 (c 0·1; 1 moll- I HCl). 
I H NMR spectrum eHzO): 1·44 s, 6 H, (CH3 ), 2'62 s, 2 H (CHz-COOH), 3·13 m, 2 H 
(CH 2 -S), 3·94 m, 1 H (CH--COOH). 13 C NMR spectrum (2 H20), reference hexadeuterio­
acetone, ,)(methyl) = 29'8): 28'48 q and 28·55 q (CH3 ), 28'99 t (CHz-CH), 44·28 s (quaternary C), 
4£;·99 t (CH2-CO), 54·41 d (CH-CH2), 172'3 s (CO· CHi, 175·2 s (CO- CHz). 

The acetone solution left after the precipitation of the product was evaporated, the residue 
was dissolved in a mixture of 1 mol I-I HCl and ethyl acetate, the aqueous layer was washed 
with ethyl acetate and after evaporation yielded 400 mg of the hydrochloride of compound II 
12",,), m.p. ~317°C. 

S-[2-( 2- Methyl-I-carboxypropyl) ]homocystei ne (lIla) 

Homocystine (10 g) was dissolved in liquid ammonia (~500 ml) and reduced with sodium until 
the blue colour was stable for 8 min. The solution was decolourized by adding acetic acid and 
lyophilized. The residue was dissolved in water (I 60 ml), bubbled with helium, a solution of 2-me­
Ihyl-2-butenoic acid (20 g) in methanol (160 ml, bubbled with helium) was added and the pH 
of the mixture was adjusted to 7 by adding 1 mol 1-1 NaOH. The mixture was refluxed under 
nitrogen atmosphere for 20 h and applied to a column of Dowex 50 (300 ml). The column was 
washed with a mixture of methanol and waler (1 : I) and the product was eluted with 15~.:. pyridine, 
The eluate was evaporated, dissolved in I mol 1- I acetic acid (150 ml) and applied in 50 ml 
portions to a column of Dowex 1 (100 >; 4 em). After elution with 1 moll- I acetic acid and eva­
poration, fractions were obtained containing a neutral compound (0'82 g; homocystine), a com­
pound with Et7r 0'32 (4'1 g, 21%, compound IlIa) and a compound with E~~7r 0·55 (1'1 g, 
5'6~'~, compound IV). Compound lIla: m.p. 217~220°C (I moll- 1 acetic acid), [IX]O ~4'lo 
c 0'3; water), +20'8° (c 0'3; 1 moll- I HCI): RF 0·40 (SI), 0·02 (S2), 0·36 (S3), 0'36 (S4); Ey.l~ 
0·48. For C9 H I7 N04 S (235'3) calculated: 45'94% C, 7·28% H, 5'95% N; found: 45'93% C, 
7'27~~ H, 5'94% N. IH NMR spectrum eH3 C50C2H 3- lH2 0): 1'33 s, 6 H (CH3 ), 2·48 s, 
2H(CH2 -COO H), 3'49t,J= 6 Hz, 1 H (CH COOH), 1·86 m, 4 H (CH2-CH2). Mass spectrum: 
M+ 235. 

Compound IV: m.p. 2IO°C. [IX]O -4·4° k 0'18; dimethylformamide); + 11.4° (c 0'12; 1 mol . 
. I-I HCI). RF 0·42 (SI), 0'02 (S2), 0'38 (53), 0·32 (S4); EY.I! 0·48. For C9 H 17N04 S (235'3) 
found: 45'44%C, 7'13%H, 5·80~~N. IHNMR spectrum eH 3C50C2 H 3): 0·89 and 0'96d 
and d, J = 6'5 and 6'5 Hz, 6 H (CH3 ), 2·48 s, 2 H (CHz-COOH), 3'40 t, J = 5 Hz, 1 H 
(NH2-CH-COOH), 2·93 d, J = 8'6 Hz, I H (5-CH- COO H), 1·90 bm, 3 H (CH-CH2-
-CHz and CH3-CH), 2'44 t, J = 4 Hz, 2 H (5-- CH2). Mass spectrum: M+ 235. Neither 
of the compounds was affected by the action of a mixture of HBr and acetone, whereas both 
were oxidized in the presence of sodium period ate. 
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Cleavage of Compound IlIa 

Compound IlIa (10 mg) was dissolved in methanol and incubated with the following reagents: 
a) o-nitrobenzenesulphenyl chloride, b) a mixture of o-nitrobenzenesulphenyl chloride and thio­
semicarbazide hydrochloride, c) thiosemicarbazide hydrochloride, d) ethanethiol, e) a mixture 
of o-nitrobenzenesulphenyl chloride and ethanethiol. After 5 and 15 min, electrophoresis of the 
reaction mixtures was carried out. A neutral compound was formed only in case a). 

5-[2-(2-Methyl-I-methoxycarbonylpropy I) ]homocysteine (IlIe) 

Compound IlIa (4'2 g) was dissolved in methanol (300 ml) and the solution was saturated with 
gaseous hydrogen chloride at O°e. The mixture was left at room temperature overnight. Electro­
phoresis proved the formation of diester IlIb. The mixture was repeatedly evaporated with metha­
nol, dissolved in methanol (50 ml) and water (20 ml), cooled to 3°C and the pH value was ad­
justed to II· 7 by 1 moll- 1 NaOH. After 10 min, HCi was added until pH 5 was reached in the 
mixture and methanol was then evaporated in vacuum. The residue was applied to a column 
of Dowex 50 (120 ml) which was then washed with water and the product was eluted with 15~~ 
pyridine. The fractions obtained were evaporated in vacuum and dissolved in 1 moll- 1 acetic 
acid. The resultant solution was applied to a column of Dowex 1 (lOO X 4 cm) and 1 moll- I 

acetic acid was used for elution. The eluted fractions were freeze-dried and the residue was 
re-precipitated from methanol and ether. The yield was 2·77 g (62%), m.p. 197-198°C, [cxlo 
-134.8° (c 0'17; dimethylformamide); -! 19'8° (c 0·1; I moll- 1 HCI). RF 0·40 (SI). 0·16 (S2), 
0'36 (S3). 0·48 (S4); E~.i~ 0'00, E~.JX 0·43_ For CloH19N045 (249'3) calculated: 48·17%C. 
7-68~~ H. 5'62% N; found: 47'70% C, 7'61~~ H. 5·5(i~~ N. 

Tert-butyloxycarbonyl-5-[2-(2-methy I-I-carboxypropyl) ]homocysteine (IlIe) 

Compound IlIa (2'72 g) was dissolved in a mixture of dioxane (20 ml). water (10 ml) and I mol . 
. 1-1 NaOH (10 ml). Di-tert-butyl dicarbonate (2-8 g) was then added and pH 8 was maintained. 
After stirring for 40 min at room temperature, dioxane was evaporated in vacuum, the mixture 
was washed with ethyl acetate. the aqueous layer was acidified to pH 2 with a solution of KHS04 
and the product was extracted by ethyl acetate_ The organic layer was washed with a solution 
of sodium sulphate. dried with sodium sulphate and evaporated. The oil obtained (2'9 g) was 
dissolved in ethyl acetate (55 ml). dicyclohexylamine (3'39 ml) and light petroleum (300 ml) 
were added, the crystals obtained were collected by filtration and dried in vacuum. The yield 
was 3·42 g (42%) of product, m.p_ 155-157°C (reaction at 145°C); [cxlo +3'9° (c 0'38; dimethyl­
formamide). For CJSH71N306 (698'1) calculated: 65'38% C, 10'25% H. 6'02% N; found: 
65'02% C. 10'45% H, 5'87% N. The dicyclohexylammonium salt was suspended in ethyl acetate, 
washed with 0·2 moll- I H 2504 and with water, dried and evaporated, producing 1·46 g (37%) 
of substance. m.p. 140-143°e. After crystallization from ethanol and water (1 : 2), the product 
obtained had a m.p. of 144-145°e. RF 0·41 (SI). 0-18 (S2). 0·90 (53). 0·69 (54). For C U H l5 . 

. NObS (335'4) calculated: 50'14% C, 7·51% H, 4·18;:' N; found: 50'3(i% C. 7'44% H. 3'93~,~ N. 

Tert-butyloxycarbonyl-5-[ 2-(2-methyl-I-methoxycarbony I propyl) lhomocysteine (JIll) 

Compound IlIe (1'45 g) was dissolved in a mixture of dioxane (12 ml) and water (6 ml) and 
I moll- I NaOH was added to obtain pH 8. After adding di-tert-butyl dicarbonate (2 g) in dio­
xane (4 ml). the mixture was stirred for I h while maintaining pH 8. Dioxane was removed 
by evaporation in vacuum, the mixture was washed with ethyl acetate. acidified with citric acid 
and the product was extracted by ethyl acetate. The extract was washed with water, dried with 
sodium sulphate and evaporated. The yield was 2 g (100;:') of oil. RF 0'81 (51),0'33 (S2). 0·72 (53). 
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Carba-6-analogues of Oxytocin 2019 

0·66 (S4). A part of the product was transformed into the dicyclohexylammonium salt and then 
recrystallized from ethanol: m.p. 147-151°C, [cxlo -14'3° (c 0'11; dimethylformamide). For 
C27HsoN206S (530'8) calculated: 61'10% C, 9'49% H, 5'28% N; found: 61'42% C, 9·61% H, 
5'04% N. 

Tert-Buty loxycarbony I-S-[2-(2-methyl-l-methoxycarbonylpropyl)]homocysteinyl-prolyl­
-Ieucyl-glycine Amide (IIIg) 

Compound III/(1'95 g), prolyl-Ieucyl-glycine amide (2'1 g) and N-hydroxybenzotriazole (0'78 g) 
were dissolved in dichloromethane (30 ml), cooled to -10°C, dicyclohexylcarbodiimide (1'32 g) 
was then added, the mixture was stirred for 1 h at -10°C and overnight at room temperature. 
The mixture was passed through a filter, the solvent evaporated, the residue dissolved in ethyl 
acetate and the solution was washed with a solution of KHS04, water, dried with sodium sul­
phate and concentrated to a small volume. The product was precipitated with light petroleum, 
filtered off, washed with light petroleum and dried in vacuum. The yield was 3'11 g (91%) of pro­
duct with m.p. 84-85°C, [cxlD -340 (c 0'2; dimethylformamide). RF 0'66 (SI), 0'58 (S2), 0'63 
(S3), 0·78 (S4); E~.i~ 0'61, E~"X 0'93. For C2sH49NsOsS (615'8) calculated: 54'61% C, 8'02% H, 
11'37%N; found: 55'01%C, 8'17%H, 1l·32%N. k'= 3·50 (methanol-water 3: 1). Amino 
acid analysis: Pro 0'97, Gly 1'04, Leu 1'01, Hcy(CsH90 2) 0'87, Hey 0'12. 

5-[2-(2-Methy I-I-carboxy propyl) lhomocysteinyl-prolyl-Ieucyl-glycine Amide (II Ii) 

0) Compound IIIe (250 mg), prolyl-Ieucyl-glycine amide (220 mg) and N-hydroxybenzo­
triazole (102 mg) were dissolved in dimethylformamide, the solution was cooled to -20°C, 
dicyclohexylcarbodiimide (155 mg) was then added, the mixture was stirred for 2 h at -20°C 
and overnight at room temperature. The solution was filtered and evaporated, the residue was 
dried in vacuum and a portion (100 mg) was subjected to chromatography on a column (25 X 
x 0·8 cm) of 5eparon SI-VSK in a mixture of chloroform and methanol (19: 1). Thus, 54 mg 
of compound IIIh was obtained; after reaction with diazomethane, its mobility during chromato­
graphy and electrophoresis was the same as that of compound IIIg. The remainder of the product 
(230 mg) was dissolved in trifluoroacetic acid (3 ml) and after 10 min at room temperature, the 
mixture was repeatedly evaporated with toluene, the residue was dissolved in 0·2 moll- 1 pyri­
dine and applied on a column of Dowex 50 (100 x 1· 5 cm) in pyridine cycle. The column was 
eluted with 0·2 moll- 1 pyridine, the fractions obtained were evaporated and 108 mg (35%) 
of product, m.p. 129-132°C were obtained. [cxl o -47'30 (c 0'85; dimethylformamide), RF 0'44 
(51), 0·09 (S2), 0'38 (S3), 0·56 (S4). k' = 1'46 (methanol-O'I% trifluoroacetic acid 63: 37); 
Er.i:; 0'13, ECf!X 0·81. For C22H39Ns06S.H20 (519,7) calculated: 50'85% C, 7'95% H, 13'48%N; 
found: 51'32% C, 7·71% H, 13'09% N. 

b) Compound IIIg (30 mg) was dissolved in trifluoroacetic acid (0'2 m1) and, after 10 min, 
the solution was evaporated. The residue was dissolved in water (0'6 ml) and 1 moll- 1 NaOH 
was added until pH 12 was achieved in the mixture. After 1 h at room temperature, the solution 
was acidified with 1 moll- 1 HCl and applied on a column of Dowex 50 (5 m1). After washing 
with water and elution with 15% pyridine and evaporation, the yield was 22 mg of substance IIIi 
which had the same properties as the product obtained by procedure a). 

0-Nitrobenzenesulphenylasparaginyl-S-(2-(2-methyl-l-methoxycarbonylpropyl»­
homocysteinyl-prolyl-leucyl-glycine Amide (V) 

Compound IIIg (3·1 g) was dissolved in trifluoroacetic acid (30 ml), left for 30 min at room 
temperature, the solution was then repeatedly evaporated with toluene, the residue was triturated 
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with ether, filtered and dried in vacuum. The product was dissolved in dimethylformamide 
(40 ml) and, after adjusting the pH value to 8 by adding N-ethylpiperidine (moist pH paper). 
o-nitrobenzenesulphenylasparagine 2,4,5-trichlorophenyl ester (3'15 g) was added to the solu­
tion. The mixture was stirred for 120 h and then evaporated, the residue was triturated with ether. 
the product filtered, washed with ether and water, and dried in vacuum. After reprecipitation 
from dimethylformamide and water, the yield was 2·5 g (63%) of product, m.p. 183-186°C. 
[/XlD -55'8° (c 0'2; dimethylformamide). R f 0·40 (SI), 0'36 (S2), 0'34 (S4); E~.i~ 0'37, E~!I 0,78, 
k' = 3'23 (methanol-water 7: 3). For C33HSONIlO1(,S2.HzO (800'9) calculated: 49'49~'-;; C, 
6·54% H, 13'99%; found: 49'66% C. 6·19% H, 14'24% N. Amino acid analysis: Asp 1'02, Pro 
1,02, Gly 0'98, Leu 1'00, Hcy 0·86. 

0-N itrobenzenes ul pheny Igi utami nyl-as paraginyl-S-(2-(2-methyl-I-methoxycarbonyl propyl»­
homocysteinyl-prolyl-Ieucyl-glycine Amide (VI) 

a) Compound V (330 mg) was dissolved in methanol (14 ml). After adding 2'05 moll- 1 HCI 
in ether (0'6 ml) the mixture was concentrated in vacuum and the product precipitated with ether, 
dried and dissolved in dimethylformamide (4 ml). The pH value was adjusted to 8 by adding 
N-ethylpiperidine (moist pH paper) and o-nitrobenzenesulphenylglutamine 2,4,5-trichlorophenyl 
ester (0'35 g) was added. The solution was stirred for 60 h at room temperature while maintaining 
the above-mentioned pH. The product was then precipitated with ether and reprecipitated from 
dimethylformamide and water. The precipitate was dissolved in methanol and water I : I 
(12 ml), applied in three portions to a column of PartisiI ODS (50 X 0·9 cm) and eluted with a mix­
ture of methanol and water (58 : 42), k' = 9'1. The resultant fractions were evaporated and the 
yield was 170 mg of product, m.p. 147-150"C. [/Xlo - 33'9° (c ()'18; dimethylformamide). R f 0·32 
(SI), 0'14 (S2), 0'33 (S3), 0·671S4). E~.i7 0'38, Er!I 0·77 (after removing the Nps group), hydrolysis 
of a sample with 1 moll- 1 NaOH resulted in a compound with Er.i7 0·15. For C3BHsKN10' 
.OI2SZ.H20 (929'1) calculated: 49'13~~ C, 6·51~'~ H. 15'08/~ N; found: 49'38% C, 6'84~'~ H, 
14'86% N. IH NMR spectrum (C2H3S0c2H3 ): 1'32 s, 6 H (CH3}zC=, 3·56 S, -COOCH3' 
Amino acid analysis: Asp 0'95, Glu 0'95, Pro 1'03. Gly 1'00, Leu 1,07, Hcy 0'87, HCYlCsHo)02) 
()'02. 

b) Compound V (1 '96 g) was dissolved in a mixture of dimethylformamide (10 mi). ethane­
thiol (I ml) and 3·4 moll- 1 HCl in ether (1'6 ml). After 5 min at room temperature, the product 
was precipitated with ether, filtered. washed with ether and dried in vacuum. Next, the procedure 
used in case a) was followed. The product obtained by precipitation with ether was reprecipitated 
from dimethylformamide using a mixture of moist ethyl acetate and ether (I : 1). The yield was 
2·1 g of product, m.p. 140-145cC which was identical with the product of procedure a). 

0-Nitrobenzenesul phenylisoleucyl-glutaminyl-asparaginyl-
-S-(2-(2-methyl-l-methoxycarbonyl propyl) )homocysteinyl-prolyl-Ieucyl-glycine Amide ( VI/a) 

a) Compound VI (0'91 g) was dissolved in a mixture of dimethylformamide (20 ml), ethane-
thiol (2 ml) and 3'4 moll- 1 HCI in ether (0'7 ml), and left for 5 min at room temperature. The 
product was precipitated with ether, filtered and dried in vacuum. Then, it was dissolved in di­
methylformamide (6 ml), the pH value of the solution was adjusted to 8 by adding N-ethyl­
piperidine, o-nitrobenzenesulphenylisoleucine N-hydroxysuccinimide ester (0·9 g) was added 
and the mixture was stirred for 120 h at room temperature. The product was precipitated with 
ether, filtered and washed with ether and water. The yield was 0·62 g (61/~) of compound Vila, 
m.p. 192-195°C. The sample for analysis was reprecipitated from dimethylformamide and ether; 
the product then had a m.p. of 195-196°C. [lXlo -57'1° (c 0'19; dimethylformamide). RF 0·41 

Collection Czechoslovak Chern. Commun. [Vol. 491 [1984\ 



Carba-li-analogues of Oxytocin 2021 

(Sl), ()'21 (S2), 0'38 (S3), 0·77 (S4); E~.i1 0'35, l:¥.IX 0'61. For C44H69N22013S2.H20 (1042) 
calculated: 50·71% C, 6'87% H, 14·78% N; found: 50'34% C, 6'55% H, 14'91% N. Amino acid 
analysis: Asp 1'01, Glu 0'94, Pro )'03, Gly 1'04, Ile 0'97, Leu 1'05, Hcy 0'91, Hcy(Cs H90 2 ) 0,03. 

b) Compound VI (150 mg) was dissolved in methanol (7 ml), thiosemicarbazide hydrochloride 
was added and the mixture was left for 15 min at room temperature. The product was precipitated 
with ether, dried, dissolved in water and the solution was applied to a column (25 X 0·4 cm) 
of Separon SI-C-I8. The column was washed with water and the product was eluted with a mix­
ture of methanol and water (1 : 1). The fractions obtained were evaporated and the reaction 
with the active ester was carried out as in procedure a). The yield was 73 mg (43%) of product 
identical with that obtained by procedure a). 

boleucy l-gl uta mi nyl-as paraginyl-S-(2-(2-methyl-I-carboxypropy I) )homocysteinyl-prolyl-I eucy 1-
-glycine Amide (VIlb) 

Compound VIla (0·57 g) was dissolved in a mixture of dimethylformamide (6 ml), ethanethiol 
(I ml) and 2·25 moll- 1 HCI in ether (0'6 ml) and the solution was left for 5 min at room 
temperature. The product was precipitated with ether, filtered and dried in vacuum. The substance 
was dissolved in a mixture of methanol (4 ml) and water (12 ml), 1 moll- 1 NaOH was added 
to attain pH 12·5 and the mixture was stirred for 1 h. The mixture was acidified with acetic acid 
to pH Ii and applied to a column of Dowex 50 (25 ml). The column was washed with water 
and the product was eluted with 20% pyridine. The fractions obtained were freeze-dried and the 
yield was 350 mg (73%) of product. The sample for analysis was reprecipitated from methanol 
and ether: m.p. 135°C. [IX]I) -·63'3° (c 0'1; dimethylformamide). Rr 0'09 (SI), 0·01 (S2), 0'05 (S3), 

0·63 (S4); E~.i1 0'13, E¥.lr 0'73, k' = 8·54 (methanol-0'05~~ trifluoroacetic acid 36: 64). For 
C37H64NIOOll.2 H20 (891'3) calculated: 49'73~~ C, 7'67% H, 15'68% N; found: 49'92% C, 
7'63% H, 15'60% N. Amino acid analysis: Asp 1'01, Glu 0'94, Pro 1'04, Gly 0'98, lIe 1'00, 
Leu 1'02, Hcy(Cs H9 0 2) 0'26, Hcy 0·82. 

Tert -buty loxycarbony l-O-tert-butyl-tyrosy l-isole ucy 1-gl utam i ny I-as paraginyl­
-S-(2-(2-methyl-I-carboxypropyl»homocysteinyl-prolyl-Ieucy I-glycine Amide ( VIle) 

Free heptapeptide VIlb (200 mg) was dissolved in dimethylformamide (3 ml), N-tert-butyloxy­
carbonyl-O-tert-butyltyrosine N-hydroxysuccinimide ester (0·7 g) was added and N-ethylpipe­
ridine was used for obtaining pH 8. The mixture was stirred for 44 h at room temperature, 
the product was precipitated with ether, filtered, washed with ether and dried in vacuum. The 
yielJ was 236 mg (86%) of product, m.p. 205-207°C. The sample for analysis was reprecipitated 
from dimethylformamide and ether, m.p. 209- 210°C, [alD - 26'2° (c 0·18; dimethylformamide). 
RF 0'39 (SI), 0'12 (S2), 0·56 (S3), 0·73 (S4); E~>~ 0'11, E¥.IX 0·64 (after removing the Boc group). 
For C3sH89NI1015S.H20 (1176) calculated: 55'31% C, 7'68~'-;; H, 12'90% N; found: 55'62% C, 
7'52% If, 12·58% N. Amino acid analysis: Asp 1'05, GIu 0'97, Pro 1'03, Gly 1'01, lie 0'94, Leu 1'03, 
Tyr 0'99, Hcy(C5 H90 2) 0'82. 

[1-Penicillamineldeamino-6-carba-oxytocin (Ia) 

Octapeptide VIle (100 mg) was dissolved in trifluoroacetic acid (3 ml), the solution was left 
for I h at room temperature, evaporated, the residue was dissolved in methanol, 2 moll- 1 HCI 
in ether (0'1 ml) was then added, the mixture was evaporated and dried in vacuum. The residue 
was dissolved in dimethylformamide (2 ml), N-hydroxybenzotriazole was added (120 mg), 
the mixture was cooled to DoC and dicyclohexylcarbodiimide (132 mg) was added. The mixture 
was stirred for 30 min at O°C and for 2 h at room temperature, passed through a filter into a solu-

Coilection Czechoslovak Chern. Commun. [Vol. 491 [19841 



2022 Lebl, Barth, Servitovil, Sianinovil, Hrbas : 

lion of N-ethylpiperidine (3001-11) in methanol (l00 ml) heated to 50°C. The mixture was heated 
for 2 h and after concentration in vacuum, the product was precipitated with ether and dried. 
The product obtained (78 mg) was dissolved in a mixture of methanol (3 ml) and water (7 ml) 
and applied to a column of Separon SI-C-18 (25 X 1·2 cm). Elution was carried out with a gra­
dient of methanol in 0'05% trifluoroacetic acid (30-70~~ in the course of 80 min at a flow rate 
of 7 ml/min; the product was eluted after 40 min). The fractions obtained were concentrated 
in vacuum and freeze-dried. The yield was 13·1 mg (l6?~) of product, RJ-' 0·20 (SI), 0·18 (S2), 
0·23 (S3), 0·66 (S4); k' = 3·29 (methanol-0'05~~ trifluoroacetic acid I : I). Oxidation with perio­
date resulted in single sulphoxide with k' ~~ 2·27. [()(hoo - 448° ± 12° (c 0'4; 0·01 moll- 1 

phosphate pH 7·5). For C46H71NIl012S.2H20 (1038) calculated: 53'22%C, 7'28% H, 
14'83~~ N; found: 53·54% C, 6'91% H, 14'56% N. Amino acid analysis: Asp 0'98, Glu 1'02, 
Pro 1'04, Gly 1'00, Ile 1'00, Leu 1'04, Tyr 0'98, Hcy(Cs H9 0 2) 0·56. 

[I-Penicillamine, 2-0-methyltyrosine ldeamino-6-carba-oxytocin (Ib) 

To a solution of fre:: heptapeptide Vllb (113 mg) in dimethylformamide (1·5 ml), N-tert-butyl­
oxycarbonyl-O-methyltyrosine 2,4,5-trichlorophenyl ester (0'5 g) was added and N-ethylpiperi­
dine was added until pH 8 was reached. The mixture was stirred for 100 h at room temperature, 
then diluted with ether, the precipitated product was collected by filtration, dried, dissolved 
in dimethylformamide and precipitated with water. The mixture was kept for 60 h at 4°C, the 
product was then collected by filtration and dried in vacuum. The yield was 76 mg (51%) of com­
pound VlId, m.p. 216-217°C. RF 0·49 (SI), 0'40 (S2), 0·51 (S3), 0·77 (S4). E~.i~ 0'10, E~.IX 0·58 
(after removing Boc group). 

The octapeptide obtained (70 mg) was cyclized by the same procedure as in the case of com­
pound la. The crude product (57 mg) was purified on the same column; elution was carried out 
with 48% methanol in 0'05% aqueous trifluoroacetic acid. The fractions required were freeze­
dried; the yield was 6·8 mg (12%) of compound Ib with k' = 8·44 (methanol-0'05%aqueous 
trifluoroacetic acid (I : I). Oxidation with periodate resulted in a mixture of sulphoxides with 
k' = 4·13 and 4·70. RF O'22 (SI),0'18 (S2), 0·23 (S3), 0·66 (S4). [ochoo -225° ± 25° (c 0'02; 
0'Olmoll- 1 phosphate, pH 7·5). For C47H73Nl1012.2H20 (1052) calculated: 53'65%C, 
7'38/~ H, 14'64% N; found: 53'47% C, 7'61% H, 14'31% N. Amino acid analysis: Asp 0'94, Glu 
(J'92, Pro 1'06, Gly 1'04, Ile 1'03, Leu 1'04, Tyr 0'62, Tyr(Me) 0'35, Hcy(CsH 9 0 2) 0·58. 

Biological Assays 

The uterotonic assay in vitro was carried out on isolated rat uterine strips22,23. The uterotonic 
activity in vivo was determined in experiments on oestrogenised rats in ethanol anaesthesia24. 
The galactogogic activity was determined on ethanol-anaesthetised rats (4-15 days after deli­
very7,25). The pressor activity was assayed on pithed male rats26 and the antidiuretic activity 
on ethanol-anaesthetised male rats2 7.28. 

We are indebted to Miss M. Vachora for technical assistance, Mrs H. Farkasova for amino acid 
analyses, Mrs Z. Ledvinovafor optical rotation measurements, Dr M. Budefinsky for NMR spectra 
and Dr A. Trkafor mass spectra. Elemental analyses were carried out in the Analytical Department 
of our Institute. 
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