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Sohd phasc rnc[hodology on henzhydrylamme or p-methyltbenzhydrylamine resin was used for
the symhesm of five analogs of deamino-vasopressin with non-coded amino acids. p-homoargi-
nine, in position 8 and p-substituted p- or L-phenylalanine in position 2. Besides the mother
_- aibg';'{Mpr D Harg]vas'uprcssm (D), [Mpr?,L-Phe(p-Me)?, p-Har®|vasopressin (7T}, [Mpr!,p-
"'Phe{p -Me)?, p-Har® [vasopressin (71D, [Mpr! ,L=Phe{ p-E)* p-Har®Jvasopréssin (IV) and [Mpr!,
e p-E:}' p-Har®jvasopressin (¥) were synthesized. All analogs: have:very low antidiuretic
prcssor zzcttvmes. Analogs comammg - methy[phenyla[amne of L-configuration and p-ethyl-
enylalanine of both p- and L-configuration are pressor inhibitors. All analogs substituted
;Josmort 2 were found to act as the uterotonic mh:blturs. the most potem bemg [Mpr ,0-Phe-
“Ap- Ez)" D-Ha.r Ivasopressin (¥} with pd, = 830"

n'hibitbrs"of oxytocin uterotonic activity are still bzing sought for by peptide chemists
nd pharmacologlsts. Their practical value might be found in several applications,
& most promment bemg the prevention of premature delivery. For this implication,
il z_u_:lalog with very high and selective inhibitory activity is desirable. Its enzymatic
bility and therefore potential oral applicability and/for long action would be extre-
__ mé:ly beneficial. We have described recently ‘inhibitory activities of vasopressin
aualogs modified by homoarginine in position 8 and by p-substituted phenylalanine
n "posmonz (ref.'). The considerably high inhibitory activity of these analogs
rompted us to combine the above mentioned modifications with deamination
n position | expecting the increase of inhibitory- activity ‘and higher metabolic
_:s:_t'_;bility of the analogs. Preliminary results were presented at the symposium®.

‘Al part CCXX in the series Amino Acids and Peptides: Part CCXIX: Collect. Czech, Chem.
Commun. 36, 3008 {19591). ;

sax. . Al the chiral amino acids, mentioned { m this work, are of the L-series, ’I'h: nomcnclatum
:and symbols of lhe amino acids and pepides obey the published recommendations®: Har denotes
3_'the homoargmme moiety, Mpr the f-mercapropropionic acid, Phc(pEr.) the p-cthy!ph:nyta[anmc
f_and Phe{pMe) the p-methylphenylalanine moiety.
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Five. anaiogs of deammo—vasopressm** (I - V) mth b~ homoargmm n posmon 8
and modified phenylaianme in. position 2. were synthestzad s:mllaﬂy as the vaso-
pressin analogs containing «-amino group!, w1th the only. excaptlon of usmg B—mer—
captopropionic acid instead of cysteine in posmon 1.

Mpr-X—Phe-Gln-Asn-Cys -Pro- D-Har-Giy—Nﬁq

I, X = Tyr
I, X= L~Phe(pMe)
111, X = p-Phe({pMe)
IV, X = L-Phe{pEt)
V, X = D-Phe(pEt)

N*-Tert-butoxycarbonyl-N%-nitrohomoarginine! - was found to be the suitable
derivative of 'D-homdarginine for solid phase synthesis.  p-Methylphenylalanine and ;
p- cthylphenylalamne residues were applied in'the form of Boc derivative! ds 2’ mix-
ture of enantiomers. B-’viercaptopmplomc acid wasg mtrcduced as an appropriate
S- p-methyibenzyl or S-benzyl.protected denvatxve The use of the formcr derivative
was always more successful.. . : : E

Syntheses of all five analogs were performed by sohd phase technique on the benz- '?:
hydrylamine or p- methylbenzhydrylamme resin. As the a-amino group protection :
we have used tert-butoxycarbonyl group. For the side chain protccnon we have
used: nitrogroup (D-Har), 4-methylbenzyl (Cys, Mpr), 2,6-dichlorobenzyl or benzyl-
oxycarbonyl (Tyr) and benzyl (Mpr). Protected amino acids were coupled by N,N'-
-dicyclohexylcarbodiimide (DCC) and: N-hydroxybenzotriazole (HOB) in dimethyl- ~
formamide. Side chain protectin'g groups were cleaved simultaneously with'the cleav-
age of the peptide from the resin by the hqmd hydrogen fluoride. Sulfhydryl groups
oxidation was performed by. potassium ferricyanide and analogs were purified by
HPLC. In syntheses of analogs with p-ethylphenylalanine and pumethylpheny!alamnc .
we made use of the fact that diastereoisomeric peptides can be easﬂy separated by
reversed phase c:hrorn'a.tagrzr.pl’iy“L 5, Syntheses of these analogs were performed
with racemic amino acids and the appropriate diastereoisomers scparatcc[ at the
end of the synthesis. Identification of L~_0r D-amino acid was performed by the
digestion with .L-amino acid oxidase™ ..Moreover, in both cases the vajue bf k
in HPLC on reversed phase was always lower for L—dxasteremsomer what is con-
sistent with previous findings*®. For the formation of both. diastereoisomers only
I-1 equivalent of the protected racemic. amino acid (tert-butoxycarbonyl-p,L-p-
-methylphenylalanine or tert-butoxycarbonyl-,L-p-ethylphenylalanine ) were used.

Bmlogmal activities of the analogs are given in Table I, [Mpr D-Har"]vasoprcssm
(1). e\:hﬂnts apprommately 5% of the annd:uret:c activity of dDAVP. This result is
comparable to the finding of other authors”J 12 who. determined the activity of
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nalog I in the test on anaesthetized rat to be 196 IU[mg or 2% of the activity of
dDAVP. Analog I wasalso found to be a weak agonist in the uterotonic test in vitro.
gbstitution in position 2 led to a substantial decrease of the antidiuretic aciivity.
Analogs with substituted position 2 have either no pressor activity (III) or very
“. low- inhibitory éctivity (II,1V, V). As well as in the case of o-amino group con-
‘taining analogs®, a weak uterotonic agonist [ was transformed by modxﬁcatmn of
'posmon to a rather potent uterotonic inhibitor. Similarly as described earlier!?
‘and also in preceeding paper!, p-ethylphenylalanine of p-configuration was found
superior in producing an inhibitor. :

EXPERIMENTAL
“General Methods

.7 Thin-layer chromatography (TLC) was carried out on silica gel coated plates (Silufol, Kavaiier,

_;'Czcchosiovakza.) in the following systems: ?.-butanol--%/n formic acid-water (1073 : 84S,
: —bumnol—acenc ac:d-pyndlne—watcr (15:3 : 10 :6) (S4). Paper electrophoresis was performed
Sna moist chamber in 1M acetic acid (pH 2+4) and in pyridine-acetate buffer (pH 5-7) on What-
man 3MM paper at 20 V,c'cm for 60 min. Spots in TLC and electrophoresis were detected with
ninhydrin or by the chiorination method. Samples for amino acid analysis were hydrolyzed with
6y HCI at 105°C for 20 b or with & mixiure propionic acid-hydrochldric agid (1:1) at 160°C
or'15 min and analyzed on an Amino acid analyzer T 339 (Mikrotechna Praha, Czechoslovakia)
or:D-500 analyzer (Durrum Corp., U.S.A.}. Fast atcm bombardment mass spectra were abtained

TABI.E I
Baologmal activities (rat) of vasopressin analogs (IU/mg or p4, valucs) with the modlﬁcauon
m'thc position 2

Compound U.tr.m.tomc Pressor :Anu-: Ref.
_ in vitro- diuretic. -
AVP 17* . 412 4659 —
[p-Har?]VP - 083 83 10
0-9 - 1% dDAVE 1
{Mpr®,n-Har3 VP - 0-06 196 10
- Z 05 1 540 11
e 0-05 2% dDAVP 12
1 08 028 5% dDAVP °©
I pd; = 750 pd, = 62 0:02% dDAVP b
Ir pd, = 8120 0 0-02% dDAVF ?
v pd, = 800 pd, = 62 0-02% dDAVP *
14 DA, = 830 o

pAa = 635 0:02% dDAVP

“#Values quoted according to ref.”;  this paper.
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on 2 ZAB-EQ spectrometer (VG Analytical Ltd., Manchester) with xenon at 8 kV as the bom- -f
barding gas. HPLC purities off products. were determined on the column of Separon SIX C-18
{8) or Vydac 218TP54 (V). Preparative liguid chromatography was carried out on Vydac 218TP510
(5 pm, 250:X 10mm) column. or on column. filled with Separon SGX—CIS (10 pm, 250 ‘=<
18- mm) ‘Before use, all amino acxd denvatwcs were subjected to mnhydrm tesz

So[id-Pha_se Peptide Syntf_:es_is e
A'cycle for incoi‘pomn‘on each amino acid residue into the growing peptide chain consisied of the -
following:

1. cleavage of the Boe group by adding 40 ml of 50%;, tnﬁuoroaceuc acid in dlchioromcthanc
containing 3% anisole, one treatment for 5 min, 2 second one for 30 min; 2. washing with di- :
chloromethane (3 X 40 ml, 1 min/wash); 3. washing with isopropanol (3 X 40 ml, | min/wash); i
4, wahing with dichloromethane (3 X 40 ml, 1 min/wash); 5. neutraiizing by adding 40 ml of *
5% diisopropylethylamine in dichloromethane, one treatment for 2 min, a second one for 5 min.
6. washing with dichloromethane (2 X 40 mi, 1 min/wash); 7. washing with dimethylformamide
{3:% 40 m], imm/wash), 8a. addition of the Boc-protected amino acid hydroxybenzotriazole
ester in. dichioromethane and stirring for 30 min; 8b, addition of the Boe-protected amino acid
derivative in 40 ml dimethyHformamide followed by HOBY, followed by DCC and stirring for
1—2:5.;- 9. washing with dimethylformamide (3 % 40'ml, 1 min/wash); 10. washing with di- :
chloromethane (3 x 40 ml, | min/wash); 11. washing with 150pr0panol (3 X 40 mi [ rmn/wash), ;
:12.. washing with dxchloromethanc (3 % 40mi, I min/wash); : :

Hydroxybenzotriazole active esiar was prepared as follows: 1 equsva[en: of the Boc- -protected
amino acid, I equivalen: of dlcycloh:xylcarbodum:de (Im solution in d[chloromethane) and
1 equivalent of 1-hydroxybenzotriazole (2m solution’in dimethylformamide} were stirred 20 to
30 min at room temperature, urea was filtered off and washed by dichioromethane. The synthesis
was monitored by ninhydrin tesy!+ (anzlog I) or bromophenol blue method!® (analogs II— V).

Heptapeptide-Resin (Peptide-Resin A)

Bénzhydrylamine resin (UCB, 0-56 mmoi/g, 4-46 g, 2-5mmol) was suspended in dichloro-
methane and after washing with 3% diisopropylethylamine in dichloromethane and with di-
methyiformamide it was coupled with 3 molar excess of Boe-Gly-OBt. Coupling was finished
after 2h and the resin was washed conseguently with dimsthylformamide (3 X 40 ml) and
dlch[ommﬂman* {3 % 40 mi), The following proczdure was performed according to the general
schems given at the beginning of the experimental part (starting from the point 1.). Boc-amino
acids ware coupled to the resin by the hydroxybenzorriazole active ester procedure. All reagents
ware used in 3 molar excais and coupling was maonitored by ninhydrin tes:*%, Protected deriva-
tives were used in the following order:

Boc-p-Har(NO,)-OH. (rzf.)). Boc-Pro-OH, Boc-Cys(4-Me-Bzl}-OH (ref.!®), Boc-Asn-OH,
Boc-Gin-OH and Boc-Phe-OH. In the case of homoarginine, cysteine and phenylalanine cou-
pling, the reaction was not compiete after 30 min, and therefore nucleophilic acylation catalyst
(4-dimzthylaminopyridine, 50 mg) was used. Yield: 6-9'g. Amino acid analysis on resin: Asp
0-95, Giu I-13, Pro 1-01, Gly §-67, Cys 0-30, Phe 1-10, Har 0-82,

Heptapeptide-Resin-(Peptide-Resin B)

p-Methylbenzhydrylamine resin (Peptides International, 0-79 mmol/g, &0g) was suspended
in dichloromethane and after washing with 5% diisopropylethylamine in dichioromeéthane and
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ith dtmethylfonna.mxde it was coupled wnh 3 mola.r excess of Boc-Gly-OH in the presence of
-_Néhydroxybenzotrxazole and - dicyclohexylcarbodiimide in dimethylformamide. Coupling was
shed after 2h, the resin was washed with dimethyiformamide (3 3¢ 40 ml) and dichioro-
methane (3 X 40 ml) and resin substitution was determined by amino zcid analysis 0+35 mmol/g.
'Poiymer was acetylated (5ml scetanhydride; 2 ml triethylamine in 50 ml dichloromethane).
He. free amino groups disappeared during 2 h (according to' the ninhydrin test), The following
: 'pfdcedure was performed according to the: general scheme given at the beginning of the experi~
“mental part (starting from the point 1.). Boc-amino acids were coupled to the resin by the
L DCCIfHOBt procedure, All reagents were used in 3 molar excess and coupling was monitored by
i 'bromophenol blue method*? Protected derivatives were used in the following order: Boc-p-Har.
;(NOz) OH (ref.)), Boe-Pro-OH, Boc-Cys(4-Me-BzD)-OH (ref.lﬁ), Boc-Asn-OH, Boe-GIn-QH
R and Bac-Phe-OH., Yield: 14-5 g. Amino acid analysis on resin: Asp 0-90, Glu 1-03, Pro 1-06,
Gly 102 Cys 0-70, Phe 1 01, Har 0-98.

: [I-Mermptopropionic Acid,S-D-homoargininejvasdpressin (¢4

- peptide-resin A (0-91 g, 0-33 mmol} was coupled according 10 the general scheme with Boc-
SUTyr(Z)-0H and Mpr(Bzl)-OH. The nonapeptide-resin (1:0 g) was Ireated with liquid hydrogen
__Z.'_'ﬁuonde (10'mi, 60 min, 0°C) in the presence of anisoie (1-3 ml). HF was blown out by mtrogen
5.8t 0°C during 30 min. Unprotected nonapepside, together with the r:sm, was triturated with
i ether, filtered off, washed with ethyl zcetate and then the free peptide was extracted with 20%
" acetic acid (100ml, 40°C), dilused with water and Iyophilized. The iyophilizate was dissolved
in water (300 mi) and the pH of the soiution was adjusted with NH,OH to 7-0. Potassium ferri-
| :"""(_:yanide {0-01m solution) was added to this solution until stable yellow colour pessisted. During
“"the oxidation (30 min), pH was mainained at 70 and then adjusted with acetic acid to 4'5. The
“solution was applied 10 a column of Amberlite CG-301 (30 ml), the column was washed with
©i:0:25% acetie acid (150 mb). and the product eluted with 20%, acetic acid (90 ml). After freeze-
i -drying, the crude product (94 mg) was purified by HPLC (Knauer) using a slow gradient of
“methanoel in 0-1% wiffuoroacetic acid on a columa of Separon SGX-C18. Lyophilization of the
'“'corrcspondmg fractions afforded 21 mg of the product pure according to HPLC (& 7-48, methanol-
=0-05% trifiuoroacetic acid 4 : 6 — Separon). Ry 0-00 (S, 0-43 (S4). EZY 0-70, EFY 0-39. [c..]D
=257-12 (¢ 0°2;- 1y acetie acid) (faly —67-4° {¢ 0-5; IM zcetic acig)!?, [zlp — 59:4° (¢ 0-4; IM acetic
'ac:d)u) Amino acid analysis after oxidation: Asp 1-01, Glu 0-96, Pro 1-05, Gly 1-00, CySO,H
~1-10, Tyr 0+75, Phe 0-93, Har -94. For CarHzsNe40125,. 2 TFA4 H,0 (1 383+4) caiculated:
44:28% C, 5-53% H, 1417% N; found: 44- 127 C, 5°21% H. 13-99% N. FAB MS (m/z): 1084,
(M H™). .

:_'"[I-Mercaptopropionic Acid, 2-p-Methyl-L-phenylalanine, 8-p-
“.Homoarginine]vasopressin (If) and {1-Mercaptopropionic Acid,
E -p'Me:hyl D-pheny]&lanme, 8-p-Hemoarginine}vasopressin (111

: Pepude-rcsm B {20 g, 06 mmol} was coupled according to the general scheme with 1-1 equi-
'valcms Boe-L,p-Phe(p-Me)-OH (ref. 1Y for 18 h and with Mpr{4-Me-Bzl)-QOH. After cleavage
%' 0f the Boc-protecting group, the nonapeptide-resin (2-0 g) was treated with liguid hydrogen
‘fluoride (15 ml, 60 min, 0°C) in the presence of anisole (2-0 mi). Unproiected nonapeptide,
© together with the resin, was triturated with ether after evaporation of hydrogen fluoride, filtered
" off, washed with e'r.hyl acetate and then, the free peptide was extracted successively. with acetic
L acid, 50% acetic acid, water, and lyophilized. The lyophilizate (520 mg) was dissolved in water

{300 m) and the pH of the solution was adjusted with 0-1mM NaOH to 7-0. Potassium ferricyanide
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(0 Olm soiuuon) was added to this so[unon unul stable yellcw cotour pers:sted During the
oxidation (20 min), pH was maintained at 7-2. by addmon of 0+ I NaOH and then ad}uszed with
acetic acid to 4-3: The solution was applied to.a column of Amberlite CG-SOI (30 mi), the cofumn
was washed with 0-25% acetic acid and. the product eiutcd wnh 303/ agetie acid, After freezc-
-drying, the product (318 mg).was purified by HPLC on a column Vyciac "IETPSID using a slow
gradient running from 25%; to 45%; methanol in 0-05%4 tnﬁuoroaccuc acid in 60 min. Lyophiliza-
tion of the corrcspondmg fractions afforded 73 mg and 68 mg ot‘ the pmducts purc aceording
to HPLC. . - '

The first product (73 me; k 1"’6 mezhanol—{) 05“/ tnﬂuoroacenc acxd 1 1—-' Vydac} "cor-
responds 1o the analog with p-methyl-L-phenylalanine (II) in position 2. R, 0-07 (81}, 056 (54).
EG"' 364, E? 0-30 (detection by chiorination method). [2]p —32-6° (¢ 0-1; IM acetic acid).
Amino.acid analysis:: Asp 1-06, Iu 1:02, Pro 1-08, Gly 1-08, Cys.0- 81, 4-Me-Phe 0- 9z, Phe 102,
Har 0-93. For CugHggN;,0,,5:.2 TFA2ZH,0 (1 345-4) caleulated: 46-42% C, 5 54/ H,
14:58% N; found: 46-03% C, 5-33% H, 14 99/ N. FAB MS (mj=): 1082 (M + H"'}

‘The second product (63 mg; &k 1-94, methanol-3+05% trifluoroacetic acid 1: 1 — - Vydag) cor.
responds 10 the' anaiog with p-methyl-p-phenylaianine (III} in position 2. R 0-06 (S1), 0-36 (34)
ESY, 0-64; EH' 0°30 (deteotion by chlorination method). [¢]p —60+8° (c 0-1; Iar acetic acid)-
Armino acid analysis: Asp 102, Glu 0-96, Pro 1103, Gly 1-12; Cys 0-81, 4-Me-Phe 107, Phe 0-98,
Har 0-82, For C“HGBNMOHS, ISTFA3-5H,0 (1:315-4) cniculated 46-57% C, 5-86% H,
14-91% N; found 46:53% C, 5- 43/ H, 15-16% N. FAB MS (m,t’:) 1082 (M B,

[i-Mercapmpmpionic Acid 2-1} Ethy[—f.-phenyla.[aniné. §oo-
-Homnargmme]va.snpressm (I¥) and [I- Merca.ptopropmmc Acld
Z-p- Ethyl—u phcnyia{a.mnc S—D Hamoarginmc]vasopressm 2]

Pcpude -resin B (2 9 g, 0 88 mmol) was goupled zu:cord:ng to the g-ne:a[ schemc with 1-1 egqui-
valents of Boc-L D-Phe(p-Et) OH (ref 1y for 24 h ‘and the coupling was repeated twice with
another 0-5 cquwalcms for 24 and 3 ti and with Mpr{d-Me-Bzl)-OH. Treaunent of the protected
nnnapepude was analogous to that of compound I and III. Freeze-drying afforded ‘368 mg of
crude product which was purified by HPLC on a column Vydac 218TP510 using a slow gradient
running from 30% to 50% of MeOH in 0-05% irlﬁuoroaceuc ‘acid in 60 min. Lyophilization
of the cn:respondmg fractions a.ftcr dilution with IM acenc acid- aﬁ'orded 97 mg and 91 mg of the
products. pure accordmg to HPL.C. .

The first produ.t (97 mg; k 1-94, mathanol-0-05%; triﬂuoroacenc acid 11— Vydac) cor-

2spoads to the analog with prethyl-t-phenylalanine (I¥) in position 2. Ry 0-08 (51, 0-56 (S4).
E:G‘lﬁ 0-64; Em’ 0-30 (detection by chlorination method). [¢]y ~—49-0° (¢ 0-1; M acetic acid).
Amino acid analysls Asp 103, 1Gu 1-07, Pro 0+98, Gly 102, Cys 0-33, 4-El-Phe 0-78, Phe (-93,
Har 0-96. For C uH,gN,,0/,8,.3 TFAAcOH.H;0 (1 515-5) calculated: 45-18%; C, 5-25%4 H,
12:94% N; found: 45-23% C, 5-33% H, 12:85% N. FAB MS (m/2): 1 095 (MT). T

The second product (91 mg; k 3-46, methanol-0:037¢ triffuoroacetic aeid 1: 1) corresponds to
the analog with p-ethyl-p-phenylalanine () in position 2, Rp O+ 06 (Sl) 0- 56 (89). EG“' 0-64;
E”" 0+30 {detection by chlorination method).. [zl —69'1° (¢ 0-1; Im acetic acxd) Amino acid
ana!ysts- Asp 1-00, Giu 1-08, Pro 1-00, Gly 0-36, Cys 0-40, 4-Et-Phe 0- 88, Phe 0-54, Har 1-02.
For CagHy9 N .0,;5:.3 TFA.AcOH.2 H, 0 (1 533-5) calculated: 44+64%7 5 3294 H, 12-78% N;
t'ound 44 484C SZS,{,H 12-78% N, FAB MS (m/z): 1 093 (M'*') e
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?: Pharmacological Methods. -

Al pharma.coiog[cal tests wers performed using Wistar rats weighing 200— 300 g. The uterotonic

i oteney in vitro was evalyated using the Holion procedure!” in Munsick*® solution. Inhibitory
\i activity is characterized by pA, value (ref.!%). Pressor activity was tested on pithed rat prepara-
= tion according to refs® 21 Antidiuretic potency on a nonanaesthetized rat was followed ac-
©:-cording to the method in ref.?2, As the standard in the antidiuretic test [dt:arnmoz p-arginine®]-
* yasopressin was used,

B The authors are indebted to Mrs V. Holoubkovd, Mrs 1. Hoskovd, Mrs J. Kellerovd and Mrs
“i V. Naskovd for skillful technical assistance during the peptide synthesis and pharmacelogical
evaluation, resp. to Mr J. ZbroZek for the aming acid analyses, Mrs Z. Ledyinovd for the optical
“irotation measurements and to Dr M, Ryba for the preparative liquid chiromategraphy of analog 1.
2 ‘The elemental analyses were carried out it the Analytical Laporatory of our Instituiz ( Dr V., Pechanec,
“w:Head} and mass spectra in the Laboratory of the Mass Spectroscopy (Dr K. Ubik, Head).
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