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Synthesis of four vasopressin analogues which do not contain the glycinamide residue in posi­
ti on 9 a nd have a basic non-coded amino acid in position 8 is described. All the analogues exhibit 
very low endocrine activities and are effective in the passive avoidance test. 

Various biologically active peptides influence the central nervous system. This 
activity has been found also for neurohypophysial hormones and some of their 
analogues 1. 2. The effect of vasopressin and its analogues on learning and memory 
has been utilized a lso in the clinical prax is3 -6 . Since these compounds pass through 
the blood-brain barrier only with difficulty 7, they must be applied in doses substantial­
ly higher than usual in utilization of their endocrine activities. Therefol e, it ·is c!esirablc 
that such analogues have the two following properties: their endocrine activities 
sho uld be as low as possible and their half-life as long as possible, i.e. they should 
be su itably modified to prevent thejr metabolic inactivation. In this communication 
we describe vasopressin analogues which, under retention of effects on central 
nervous system, exh ibit endocrine activities by four orders of magnitude lower than 
those of the paren t hormone. A part of these results has been already pubJisbed8

. 

A common featme of all the four synthesized analogues is the absence of the glycin­
amide moiety in position 9 and replacement of the arginine** residue in position 8 
by a basic non-coded amino acid . The substitution of cysteine for ~-111ercaptopropio ­

nic acid in position 1 and introdnction of the carba-bridge instead of the disulfide 
bond represent modifications, generally enhancing the enzymatic resistance of vaso­
pressin analogues. Our synthesis employed the fragment condensation (using tbe 

Part CLXXXII in the series Amino Acids and Peptides; Part CLXXXI: This Journal 48, 
2844 (1983). 

The chiral amino acids in this work are of the L-configuration, except arginine which has tbe 
D-configuration. The nomenclature and symbols for the amino acids, pep tides and protecting 
groups obey the published recommendations9 . Mpr denotes a l3-mercaptopropionic acid moiety. I 
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azide Of carbodiimide method) of the ami no-termina l hexapeptide (or pentapeptide) 
with the carboxy-terminal dipeptide es ter. In the synthesis of the ana logues Ja 
and 1 b the cysteine sulfhydryl group was protected with 2,4,6-trimethylbenzyl grouplO, 

removable under mild conditions by treatment with trifiu oromethanesulfonic acid. 

The protected hexapeptide hydrazide 11 b was o btained by hydrazinolysis of the cor­

responding ester [Ja, prepared by azide condensation of the tripeptides. The tri­
peptide11Ia was synthesized from the protected amino-terminal dipeptide and methyl 

phenylalaninate, either in the presence of N ,N '-dicyclohexylcarbodiimide and I-hydro­
xy benzotriazole or using the azide method ; it was then converted into the hydrazid e 

III b. The tripeptide IV was prepared by stepwise synthesis using 2,4,5-trichlorophenyl 

esteI s or l-(p-naphthalenesu Ifonyloxy )benzotriazole l1 in the las t step and after 
remova l of the benzyloxycarbonyl group it was acylated with the tr ipeptide azidc 

prepared from compoundJ11b. The thu s-obta ined hexapeptide was subjected to azide 
condensation with the dipeptide esters aris ing by removal of o-nitrobenzenesulfenyl 

group from compound s Va nd VI . After gel filtration o n Sephadex LH-20 the protect-

r- I 

X-Tyr-Phe-Gln-A sn·Cys-Pro-Y 

l a, X = Cys , 
lb , X = Cys, 
Ie , X = S(C H2hCO , 
Id, X = (CHZ)3CO, 

Y = D-Arg 
Y = Orn 
X = D-A rg 
Y = D-Arg 

Z-Cys(Bzl(2,4 ,6-Mc3»-Tyr-Phe-Gln-A sr.-Cy s(Rzl (:! ,4,6·Mc3))·X 

JIa, X = OMc JIb, X = N2 H 3 

Z-Cys(Bzl(2,4,6-Me3»-Tyr-Phc-X 

IlIa, X = OMe Illb, X = N2H3 

Z-Gln-A sn-Cys(Bzl(2 ,4,6-Me3»OMc 

I V 

Nps-PrO-D-Arg(Tos)OBzl Nps-Pro-Orn(Z)OBzl 

V VI 

Z-Cys(Bzl(2,4,G-Me3)-Tyr-Phe-Gln-A sr-Cys(Bzl(2,4,G-Me3)·Pro-X·OBzl 

VIla, X = D-Arg(Tos) VIlb, X = Orn(Z) 

Mpr(Bz!)-Tyr-Phe-Gln-Asn-Cys(BzI)-Pro-D-Arg(Tos)OBzl 

VIII 

CHz CHz 
I I 

CHz-CO-Tyr-Phe-Gln-Asn-Cys-Pro-D-Arg(Tos)OBzl 

Ix 
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ed octapeptides VIIa and VIIb were deblockcd with trifluoromethanesulfonic acid 
in the presence of trifluoroacetic acid and thioanisole. The disulfhydryl compounds 
were oxidized with air oxygen and the analogues la and lb were purified by gel 
filtration on Sephadex G-1S (ref. I 2). 

Also the analogue I e was prepared by fragment condensation. S-Benzyl-~-mer­
captopropionyl-tyrosyl-phenylalanyl-glutaminyl-asparaginyl-S- benzylcysteine hydra­
zide l3 was converted into the azide and this was used ror acylation of the dipeptide V 

from which the am ino-protecting group had been removed. The obtained peptide 
Vlli was purified by ge l filtration, reduced with sodium in liquid ammonia and oxi­
dized with potass ium rerricyanid e to give, after gel filtrati on, the analogue I e. 

Lactam of tyrosyl-phenylalanyl-glutaminyl-asparaginyl-S-(y-carboxypropyl)cys­
tcin e t 4 was condensed with the dipeptide V (arter rem ova l o f the o-n itrobenzenesul­
fenyl group) ill the presence of N,N'-dicyclohexylcarbodiimid e and l-hydroxybenzo­
triazol e to givc the peptide IX which wa s again purified by gel n itrat ion. Both the 
protecting groups were cleaved olT with triflu oroJ1lethanesuJrollic acid in the presence 
of tril1uoroacetic acid and thioani sole and the obta ined ana logl!e lei was purified 
by free-flow electrophoresis. 

The endocrine biological activities of the synthesized anal ogues are given in Table I, 
together with the data for [S-arginine ]vasopressin as standard. The uterot onic. 
galactogogic and pressor activities are by up to th ree orders of magnitude lower than 
those of the parent hormone. The relatively high antidiuretic ac tivi ty of the analogu e 
Ie (as compared with the dosis necessary for provoking an effect on central nervou s 
sys tem) presents a disadvantage. The ana logue Ja (in which the ~-mercaptopropiollic 
acid in position 1 was replaced by cysteine) is by an order of magnitude Tes-s active 

TAllLE I 

Endocrine biological activities (LU. ! mg) dete rmined in rats 

Compound Uterotonic Galactogogic 

la ' 

l b 
0·07 
0·09 

0·12 
0-02 

Pressor 

< 0·2 
< 0'2 

Antidiuretic 

4-5 
0'3 

0·4 
0·1 

Ie 0·08 0·01 < 0·2 14·5 5·0 
ld 0'09 inhibition 0·8 0·2 
A Vpc.d 17 69c 465 465 I 

a Anesthettzed rat , b conscIOus rat, the ac tivity expressed m % of effect of [S-D-arginllleJdeamlllo' l 
-vasopreSSl11 at the threshold level , c [8-argmmeJvasoptessm, d values taken fLom ref. 29, C Ja bb lt 
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and even lower ac tivity was found for the ana logues l b and Id. A comparison of the 
ana logues I e and It! is particu larly int eresting: it shows that the antid iuretic activity 
drops strongly on go ing from the di sulfid e prototype I e to the carba-ana logue ld. 
A reverse situ ati on ha s been found with the corresponding analogues cont aining 
an unchanged glyc inamide mo iety in posit ion 9; the carba-ana logue being more 
active than the disul fid e compound 14

.
1
,. 

The prepared analogues l a- It! enhanced the av oidance response 1 h when admini­
stered im.mediately after the shock-trial. They were also active when the admini stra­
tion preceded the test-trial by 0·5, 3 or 20 h. [8-Lysine, 9-desgl yc inam i de]va sopre~s in 

increased avoidance latencies when admin i;;tered shortly aft er the shock trial or 
shortly before the test-trial. No efTect wa s found when [8- lysine, l) -d esglyc inamide]­
vasopress in was ad ministered 20 h before the re tenti on test. Detail s of these findings 
will be published separately. Analogue I e can a ttenuate th e avo id ance response in the 
situation of passive avoidance when it is administered in co nn ec ti on with the forced 
ext inct ion procedure l7

. The same ana logue wa s also found to improve spa tia l working 
memory in rats 18 in experiments with 12- or 24-arm maze (food accessibility serving 
as motivation). The compound reduced significantly the number of errors in doses 
of 3 pg(kg rat. 

EXPERIMENTAL 

Ana lyt ica l sa m ples we re d ried ove r ph osphorus pcntox id e at room tcm pnat urc and I SO Pa. 
:'-1elting points were determined on a Koner block a nd are un co rrec ted . Th in-l ayer chromat ogra ­
phy o n sili ca gel was ca rried o ut on Si l ufo l plates (K a valier) in the fo ll owin g systems: 2-butanol­
-98% formic ac id- wa te r (75: \3 ·5: 11 ·5) (S I). 2-butanol- 25% aq ueo us am monia- wa ter (85: 
: 7· 5 : 7· 5) (S2). I -bu tanol- acetic aci d- water (4 : I : I ) (S3), I-butanol- pyridine- acetic ac id--wa ter 
(15: 10 : 3: 6) (S4), n-heptane- tert -buty l a lcohol- pyridine (5 : I : I) (S5), I-butanol- ace tic ac id­
- ethy l aceta te- water (I : I : I : I) (S7), benzene- metha nol (8: 2) (S9), I -butanol - wate r- acetic 
acid (50: 40: I S) (S I3), ethy l acetate-pyrid ine- acetic acid- wa ter (5: 5 : I : 3) (S23). Elec tro­
phoresis wa s performed on a What man 3MM paper in a moist chamber at 20 V/ cm for I h 
ill 1M acetic ac id (pH 2·4) or in a pyridine- aceta te buffer (pH 5-7). The compounds were detecte d 
with ninhydrin o r by chlorination method . The so lvents were eva porated on a rotatory eva porato r 
at bath tempe ra ture 30°C, dimethylformamide at the sa me temperature at 150 Pa. Sam ples for 
amino ac id analyses were hyd rolyzed with 6M- I-ICi at 105°C a nd ISO Pa fo r 20 or 40 h. Amin o 
acid ana lyses were carried out on a two-column instrument (type 6020, Developmenta l Workshops 
of Czechoslovak Academy of Sciences). Preparat ive free-flow elec trophoresis was done o n a previ­

ous ly described instrument 19.
20

. 

Benzy I oxycarbony I-S-(2,4 ,6-t rimethy I benzy I )cyste i ny I-tyrosi ne M e th y l Ester 

A solu tion of benzyloxycarbonyl -S-(2,4,6-tr imethy lbenzyl)cysteine (3·9 g) and I-hydroxybenzo­
triazole (1 · 36 g) in dimethylforma mide (10 m l) was added to tyros ine methyl este r hydrochloride 
(2·3 2 g) and N-ethylpiperidine (1 ·37 ml ) in dimethylformamide (10 ml). The mixture was cooled 
to - 5°C and N ,N' -dicyclohexylcarbodimide (2·07 g) was added. After stirring for 1 h at - SoC 
and for 12 h at room temperature, the sepa rated N,N'-dicyclohexy lurea was filtered off, the filtrate 
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taken down and the residue dissolved in ethyl acetate. The solution was washed successively 
with sodium hydrogen carbona te solution, water, 0·5M-HCI and again water, dried and taken 
down. Crystallization from ethyl acetate afforded 5·6 g (99%) of the dipeptide, m.p. 182- 183°C, 
[ajl) _ 19.1 ° (c 0·5 , dimethylformamidc), RF 0·88 (51), 0·74 (S2), 0·85 (S3), 0·75 (S4), 0·40 (S5). 
For C 31 H36NZ06S (564·7) calculated: 65·94% C, 6-43% H, 4·96% N, 5·68% S; found: 65·65% C, 
6·49% 1-1. 4·84% N, 5·72% S. 

Bcnzy I oxyca rbony) -S-(2, 4, 6-t rimcthy I benzy I )cysteiny I-t y rosine 

The protected dipeptide methyl ester (2·26 g) was suspended in methanol (12 ml) and 4M-NaOH 
(4 ml) was added. The mixture was stirred for I h at room temperature, IM-HCI (17 ml) was 
added and the product was precipitated with water (200 ml). Crystallization gave 2· I g (95°1. ) 
of the protected dipeptide, m.p. 201 - 202°C, [ajl) - 9·So (c O·S, methanol), [ajl) - 15.6° (c O· 5, 
dimethylformamide). Rr 0·87 (SI), 0·57 (S2), 0·S5 (S3), 0·64 (S4), 0·05 (S5). For C30H33N206S 
(549·7) calculated: 65·55% C, 6·05% 1-1, 5·1O/{, N, 5·S3% S; found: 65·38% C, 6·24% H, 5·36% N, 
6·01% S. 

Benzy loxycarbony I-S-(2,4,6-trimethy I benzy I )cysteiny I-ty rosine Hyd razide 

The dipeptide methyl ester (4·5 g) was dissolved in dimethylformamide (13 ml) and mixed with 
80% hydrazine hydrate (4 ml). After standing for 20 h at room temperature, the product was 
precipitated with water (200 ml), filtered, washed with water and crystallized from dimethyl­
formamide and water; yield 4·2 g (93%), m.p. 256- 25SoC, [all) - 29· 5° (c 0·2, dimethylformamide), 
RF 0·77 (SI), 0·60 (S2). For C30H36N40SS.0·5 H 20 (573·7) calculated: 62·81% C, 6·50% H, 
9·77% N, 5·59% S; found: 63·09% C, 6·27% H, 9·79% N, 5·61% S. 

Benzyloxycarbonyl-S-(2,4,6-trimethylbenzyl)cysteinyl-tyrosyl-phenylalanine Methyl Ester 
(IlIa) 

a) Dicyclohexylcarbodiimide (0·62 g) was added at - 10°C to a stirred solution of the protected 
dipeptide acid (1·65 g) and I-hydroxybenzotriazole (0·41 g) in dimethylformamide (S ml) and the 
stirring was continued at -5°C for I h. A solution of phenylalanine methyl ester hydrochloride 
(0·65 g) and triethylamine (0·42 ml) in dimethylformamide (2 ml) was added and the mixture 
was kept at room temperature for 2 h. N,N'-DicycJohexylurea was filtered off, dimethylformamide 
was evaporated and the residue was triturated successively with water, 0·5M-HCI, water, saturated 
solution of sodium hydrogen carbonate, water and ether. Crystallization from aqueous methanol 
afforded the methyl ester lIla (2·) g; 100%), m.p. 192-194°C, [all) -3)·)° (c 0·5, dimethyl­
formamide), RF 0·S6 (SI), 0·79 (S2), 0·85 (S3), 0·84 (S4), 0·32 (S5). For C4oH4sN307S (711·9) 
calculated: 67·49% C, 6·37% H, 5·90% N, 4·50% S; found: 67·42% C, 6·39% H, 6·20% N, 4·56% s. 

b) A 3·36M solution of HCI in dioxane (l·8 ml) was added to a solution of the dipeptide hydra­
zide (1·69 g) in dimethylformamide (10 ml). After cooling to -20°C, a solution of butyl nitrite 
(0·31 g) in dimethylformamide (I ml) was added and the mixture was stirred at -20° for 20 min. 
After cooling to -40°C and neutralization with N-ethylpiperidine (0·85 ml), a solution of phenyl­
alanine methyl ester hydrochloride (0·65 g) and N-ethylpiperidine (0·42 ml) in dimethylformamide 
(2 ml) was added. The mixture was set aside at O°C for 48 h, dimethylformamide was evaporated 
and the residue was worked up as described in the preceding experiment. The obtained product 
(1·79 g; 84%) was crystallized from aqueous methanol; m.p. 192-194°C, [all) -3).2° (c 0·5, di­
methylformamide). 
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Benzy loxyca rbony I-S-(2, 4,6-t ri met hy I benzy I )cystciny I - t y ro~y I-phcny la laninc H yd razide (11 Iii) 

,\ mixture of 80% hydrazine hydra te (2 1ll1 ), the tri peptide Ilia (2· 13 g) an d d imethylforma mid e 
(Ii ml) was set a side for 15 h at room tempera turc. The prod uct was precipitated with wa ter 
\ 100 ml) and cry~ ta lli zed fr om dimcthylfo rma midc--w<lt cr; yield ~ ' IO g (99%), m.p. 228 - 229"C, 
[7. 10 - 31'2° (c 0 ' 5, dimethylfo rma midc); Rr 0· t;5 (S I). ()'72 (S2), 0· 83 (S3), 0 ·82 (S4), 0 ' 13 (S5 ). 
Fo r C 39H4 s N sOoS (7 10'9) ca lcula tcd : 65 ' 80~{, C. (d7~;' H, 9'84 ~:' N. 4 '5() ~{, S; found: 65'82% C, 
642% I-I, 9 ' 80~{, N. 4'67% S. 

S-(2,4,6-Trimethylbcnzy l)cysteinc Meth yl Es tc r Hydrochlo ridc 

Thi onyl chl oridc (8 ml ) was addcd dro pwise to metha no l (50 ml) a t a tempera ture lower than 
- 5°C. To the thus-obtained reagcnt. S- (2.4,6-trimethylbenzyl )cy, tcinc l O (7. 5 g) wa s added 
po rtionwise the tempera ture bein g kept bel ow - 5°C. The mixture was stirred a t - 5°C fo r 30 min 
a nd thcn at 43°C for 2 h. Methan ol was distilled o fT an d thc res iduc wa s codistill ed several times 
with methanol. The erystallinc materia l was suspended in wa tcr (1 5 ml ) and mixed witll a so lu­
ti on of sodium hydrogen ca rbonatc (7 ' 5 g) in water (7 5 ml). The fo rmed sLJ spem ion was filtcred, 
the filtrate extracted with e thyl acetate, the organic cxtra<: t washcd with sa tura tcd soluti on 
of sodium hydrogen carbonate and water, dried and taken down. Thc obtained 5-(2,4,6-tri­
methylbenzyl) cysteinc mcthy l ester was converted into the hydrochl o ride with 2M-HCI in ethcr 
(3 ml). Cry, ta llization from methanol and ethcr afTord ed 7 g (7 8%) of the product melting a t 166 to 
168°C, [0: 11) + 23 '9° (c 0'5, dimethylformamide), RF 0·58 (SI), 0· 57 (52 ), 0'54 (S3), 0·65 (S4), 
0·78 (S7); E~.i4 0'73, E~.i~ 0·80. For C 14H 21 N02S.HCI (303 '9) calculated: 55'34Y" C, 7'30% H, 
4-61 % N , 10'55% S; found: 55' 6 1% C, 7'41 % H , 4'67% N, 10'30% S. 

Benzy loxycarbonylasparaginy I-S-(2,4,6-trimcthy I benzy I)cysteine M ethy I Ester 

Benzyl oxyca rbonylasparagine p-nitropheny l ester (1'16 g) was added to a solution of S-(2,4,6-tri­
methylbenzyl)cysteine methyl ester (0·9 1 g) in dimethylforma mide (6 ml). After addition of tri­
ethylamine (0'42 ml), the mixture was stirred for 12 h. The formed gel was mixed with water, 
the solid filtered, washed with wa ter, saturated solution of sodium hydrogen carbonate, water, 
10% HCI and acetone. Crystalliza tion from aqueous acetic acid gave 1'3 g (84%) of the dipeptide, 
m.p. l78-180°C, [alo -lO·T (c 0'5, dimethylformamide), RF 0·72 (SI), 0 ' 60 (S2), 0 ·72 (S3), 
0 '71 (S4), 0'31 (S5). For C26H33N306S (515' 6) calculated: 60'56% C, 6'45% H, 8'15% N, 
6'35% S; found: 60·73% C, 6-42% H, 8· 11 % N, 6'22% S. 

Benzyloxycarbonylglutaminyl-asparaginyl-S-(2,4,6-trimethylbenzyl)cysteine Methyl Ester (I V) 

a) The dipeptide methyl ester (3'1 g) was dissolved in acetic acid (18 ml) and 4M-HBr in acetic 
acid (6 ml) was added. After standing for 5 min at room temperature, the hydrobromide was 
precipitated with ether and dissolved in dimethylformamide (15 ml). The solution was adjusted 
to pH 10 with N-ethylpiperidine and a solution of benzyloxycarbonylglutamine p-nitrophenyl 
ester (2'41 g) in dimethylformamide (5 ml) was added . The mixture was set aside at room tem­
perature for 48 h, dimethylformamide was evaporated in vacuo, and the residue was triturated 
successively with water, saturated solution of potassium hydrogen carbonate, water, 0'5M-HCI , 
water and ether. Crystallization from dimethylformamide and water afforded 3·0 g (78%) of the 
tripeptide IV, m.p. 248 - 250°C; [alo _ 12° (c 0'5, dimethylformamide), RF 0·61 (SI), 0·47 (S2), 
0' 62 (S3), 0·69 (S4), 0·81 (S7). F or C31H4 1Ns08S (643' 8) calculated: 57'84% C, 6'42% H, 
lO'88% N, 4'98% S; found : 57-92% C, 6·15% H, 11 '07 % N, 4' 90% S. 
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h) Triethylami ne (0·7 ml) was added at O°C to a stir red solut ion of benzylox),ca rbonylglut a­
mine ( 104 g) in dimethylformamide (10 ml ). To the thu s-obta ined sa lt I-([)-naphtha lenesu lfonyl­
oxy)benzotriazole I I ( I' 7 g) was added at O°C and the mixture was stirred at this te mperature 
fo r I h and at room temperature fo r a nother I h. To this soluti on of the active es ter a solution 
01 the protected dipeptide hydrobrom ide (2 ' 58 g; prepared as descr ibed un de r 0» in d imethyl­
fo rmam id c (10 ml) wa s ad ded and the mixture was adjw.ted to pH 10 with triet hylam ine. The 
mi xture was s tirred at roo m temperature for 12 h, taken dow n a nd the crude product was purified 
as desc ribed und e r (/). all'orc!ing 2·8 g (87 %) of the pro tec ted tripeptide I V, m.p. 24!:> - 250°C, 
[?: li) -- 12'2° (c 0· 5. d irnethy lformami l~e) , id en tica l in all res pec ts with tl~e product obtained 
by the proced ure OJ. 

!-buy I oxy ~a rb ::l!ly I-S-(2. 4 .0- t rim~ thy Ibenzy I )cysteiny I-ty rosy I-pheny la lan y I-gill ta III in y 1-
-aspara ginyl-S-(2.4. Ii -trimethy lbcnzy IJcysteine Methyl Ester (JIll) 

A soluti on o f the trip ~ ptid e / V (1 ·93 g) in ace tic ac id (12 ml ) was mixed with 4:vt -HBr in acc ti c 
acid (0 ml) and afte r s tandin g fo r 30 min at room temperature the hydrobromide was prec ipitated 
with ether and dried. 

J\ suspensio n o f the protected tripeptide hyd razide J/Ib (2' 14 g) in dimcthy lfo rmami cl e (15 1ll1 ) 

was mixed with 4'oM-HCI in dioxane (1'3 ml). Arte r dissolutio n, butyl nitrite (0'31 g) in dimethyl­
formamid e (I ml) was added at - 20"C. The mi xture was stirred at - 20G C fo r 20 mill , coo lec! 
to - 40°C a nd neutrali zed with N -ethylpiper icl ine. A so lution of hydrobromide of the tripeptide 
I V (prepa red above) in dimcthylfo rmamide (15 ml) was added to the thus- prepa red azide and the 
mixture wa s adjusted to pH 10 with N-ethylpiperidine. After stan ding at O°C for 70 h, di methyl­
fo rmamide was evapored and the resid ue triturated succes~ i vel y with a ~a turated ~oluti c n of w­
dium hydrogen carbonate, water , 0'5M-HCI , water, methanol and ether, afTording 3·2 g (90%) 
of the hexapeptide IIa, m.p. 248 - 250°C; [a lo - 31· 5° (c O' 5, dimethylformam ide), Ey.IX O' W, 
E~t.i70·28 (after re moval of the benzyloxycarbonyl group). Amino acid analysis: Tyr 0'94, Phe I· DO. 

G lu 1'02, Asp 1'06, Cys 1·92 . For C62H76 NS012S2 (! 189) calculated: 02'61 ~<' C. 6·44~·;' H, 
9' 42% N, 5' 39% S; found: 6H5% C, 6'48% H. 9'72% N, 5'41 % S. " 

Benzy loxycarbony I-S-(2,4,6-trimethy I benzyl )cysteiny I-t yrosy I-pheny lalany I-gili ta miny 1-
-asparag inyl-S-(2,4, 6-t rimcthylbenzyl)cysteine Hyd razide (lIb) 

A mixture of the hexapeptide IIa (2·4 g), 80% hydrazine hydrate (2 ml) and dimethylformamid c 
(20 ml) was set a side at room temperature for 2 days, the mixture was diluted with water (200 ml ) 
and the precipitate washed with water to neutrality. Crystallization from dimethy lformamidc 
and water afforded 20 g (84%) of product, melting at 246 - 258°C; [a lo - 34'9° (c 0'5, dimethyl­
formamide). ForC61H76NtOOltS2 (l189)calclilated : 61'60% C, 6'44% H, 11 '78/,~N, 5'39~o 

S; found: 6 1'38% C, 6 '64% H. 11'58% N, 5'39% S. 

0- Nit robenzenesul fenylprol yl_N G -p-toluenesulfonyl-D-argin ine Eenzy I Ester (V ) 

A solution of o-nitrobenzenesulfenylproline 2,4.5-trichlorophenyl ester (2' 5 g) and NG-toluCllc­
sulfonyl-o-arginine benzy l ester hydrobromide (2 ' 5 g) in dimethylformamide (5 ml) was stirred 
a t room temperature for 40 h and taken down ill vacllo. The residue was dissolved in eth yl 
acetate and the solution was extracted successively with saturated sodium hydrogen carbona te. 
water, a KHS04 / K 2S04 solution (pH 2) and water. After drying over magnesium sulfate and 
evaporation of the sol vent, the residue was crystallized from ethyl acetate-light petroleum, yielding 
3'0 g (90%) of the product. m.p. 90-92°C, [a ]o - 40'4° (c 0 ' 4, methanol); RF 0·88 (SI), 0 ·75 (S2), 
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0·75 (S3), 0·83 (S4), 0'60 (S9). For C311-j 36No07S2 (668,8 ) calcula ted: 55'67 ~':' C, 5'43 ~:' H, 
12' 57 ~'-;; N, 9 ' 59% S; found: 55'92 ~-~ C, 5'38% H. 12 68 :;~ N , 9'38~~ S. 

a -Nitrobe nzenesu lfeny lprolyl- N°-bcnzyloxyca rbo nylornithinc Be nzy l Es ter ( VI) 

T riethy lami ne (I. 39 ml) wa s ad ded under cooling to a soluti on of N~-bcnzy l oxyca rbony l o rni­
thine benzy l ester hydrochl o ride (J'92 g) in dimethy lformamide ( 10 ml ) an d a soluti on of a-n it ro­
benzenesu lfenylproline 2.4 ,5 -trichlorophenyl e~ ter (4·4t> g) in di meth ylfor mamide (15 ml ) was 
added to the fo rmed suspemion . Aftcr stir ring fo r 24 h at 1'00 111 temperatu re, the mixture was 
taken down, the residue dissolved in ethy l acetate an d the soluti o n washed with satura ted sodiu m 
hydrogen carbonate so luti on, wa te r, a soluti on of KHSO .. and K 2 SO .. (pH 2) and a gain with 
wa ter. After drying a nd c\ aporation of the so h 'ell!, the residue wa s c rysta llized fro m e thyl acc­
tate- light petroleul11 to give 5· 5H g (92%) ad the prod uct VI, m.p. 11 5- 11 6°C, [al o - 67' 4° 
(e I, l11e than o l); RF 0 ·80 (SI), 0·74 (S2 ), 0·75 (53) , 0·77 (S4), 0·24 (S5). For C 3 ! H 34N 40 7S 

(606,7) ca lcul ated : 61'37 ~~ :' C, 5 ' 65 ~~ H, 9'23 ~:' N, 5'28% S: found : 61' 55% e , 5·7 1% H , 9'22% N, 
533% s. 

B~nzy loxyca rbo ny I-S-(2.4,6-t ri met hy I benzy I )cyste in y I-t y rosy I- pheny la la ny I-gi ut a m iny 1-
-asp:! raginy I-S- (2, 4, ()- t rimethy I benzy I )cysteiny I-prol y 1- N G -pot olucnesu I bony I-D-a rginine 

Benzy l Este r (VIla) 

To a stirred sol uti on of NJ -benzy loxycarbo nyl-S-(2,4,6-trimeth ylbenzy l)cyste inyI-tyrosy l-phenyl­
lal a ny l-glutaminyl-aspa raginyl-S-(2,4, 6-trimeth ylbe nzy I)cysteine hydrazide (fIb; 238 mg) in di ­
methyl forma mide (2 ml ) was added 3M-H e l in d ioxane (130 Ill ). The solut io n was cooled to - 20°C 
and butyl nitrite (2 1 mg) in dimethy lformami de (0'5 ml ) was added. The mi xtu re was s tirred fo r 
20 min, cooled to - lODe, neutral ized with N-ethy lpiperidine to pH 7 (moist pH-paper) and trea t­
ed with a solution , prepared in the following way: 

A solution of the compound V (200 mg) in d imethylfor mam ide (I 1111) was mixed with 2M-HCI 
in ether (0'5 ml). After sta nding at room temperature for 5 min, the mixt ure wa s diluted with 
ether, the precipita ted hydroch loride collected on a fi lter, washed with ether and d isso lved 
in d imethylformamide (2 ml). The solution was adjusted to pH 10 with N -ethylpiperidine a nd 
added to the above-de, cribed azide solution. The mixture was se t aside for 60 hat O°C, taken 
down and the residue tritu rated successive ly with O· 5M-HCI, wa ter, sa turated soluti on of sod iu m 
h·ydrogen carbonate and water. Purification by crysta llizat ion from dimethylformamide- wa ter 
and gel filtration on a Sephadex LH-20 colu mn in dimethylforma mide afforded 3 10 mg (93 %) 
of the compound VlIa, m.p. 230 - 232°C, [al o - 28'6° (c 0'5, dimethylformamide). RF 0'94 (S I), 
0·75 (S2), 0·90 (S3) , 0·86 (S4). For CS6HlosN13014S3. H20 (1691) calculated: 61'08% C, 
6'26% H , 10·77% N, 5'69% $ ; found: 60'89% C, 6'23 % H, 10·75% N, 5·42% s. 

[8-D-Arginine, 9-desglycinamidelvaso press in (fa) 

Thioan isole (100 Ill ) was added to a solution of the protected octapeptide VlIa (1 00 mg) in tri­
ftuoroacetic acid (1'25 ml) . The solut ion was cooled to oDe and trifiuoro methane,ulfonic ac id 
(1'0 ml), cooled to the sa me temperature, was added. After sta nding fo r O· 5 h a t O°C, the mixture 
was diluted with ether (100 m l) a nd the se parated product was fi ltered, wa shed with ether and dis­
solved in water (300 ml) . The soluti on was adju,ted to pH 6·85 with O'IM-NaOH and oxidized 
with air oxygen for 1 h at room tempera ture. Acetic acid was then added (to pH 4) and the 
SOlution was filtered through a column of Amberl ile IR-4B (acetate form; 12 X 2 cm). The elua tes 
were freeze-dried, the residue was applied on a column of Sephadex G-15 (100 X I· 5 cm) 
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and eluted with 50% acetic acid. The peptidic material was freeze-dried and the residue was 
again applied on the same column. Elution with 0·2M acetic acid and freeze-drying afforded 
14 mg (23%) of the product, [ex]o -17·7° (c 0·27, 1M acetic acid); Er.il 0·56, E~.i~ 0·32; RF 0·34 
(S4), 0·42 (S13), 0·91 (S23). Amino acid analysis: Phe 1·02, Tyr 0·91, Asp 1·02, Glu 1·04, Pro 
1·02, Arg 1·00; Cys (03H) 1·92 (the value for cysteic acid was obtained from a separate sample 
after oxidation with peroxyformic acid). For C44H61N13012S2.2 CH3C02H.2 H20 (1124) 
calculated: 49·14% C, 6·19% H, 16·20% N; found: 49·02% C, 5·98% H, 15·94% N. 

B~nzyloxy:arbonyl-S-(2,4,6-trimethylbenzyl)-cysteinyl-tyrosyl-phenylalanyl-glutaminyl­

asparaginyl-S-(2,4,6-trimethylbenzyl)cysteinyl-prolyl-N"-benzyloxycarbonylornithine Benzyl 
Ester (VIIb) 

A solution of the azide was prepared from the hydrazide lIb (238 mg) as described for the prepara­
tion of the compound VIla. 

The benzyl ester VI (182 mg) was dissolved in dimethylformamide (1 ml) and 3M-HCI in ether 
(0·5 ml) was added. After 5 min the mixture was diluted with ether, the precipitate was decanted 
and washed with ether. The obtained hydrochloride was dissolved in dimethylformamide (2 ml), 
the solution adjusted to pH 10 with N-ethylpiperidine and added to the above-mentioned 
solution of the azide. The mixture was set aside for 60 h at O°C, taken down and the residue 
triturated successively with 0·5M-HCI, water, saturated solutio? of sodium hydrogen carbonate 
and water. The product was purified by crystallization from dimethylformamide-water and gel 
filtration in dimethylformamide, yielding 300 mg (93%) of VIIb, m.p. 238-240°C, [ex]o -27·6° 
(c 0·15, dimethylformamide); RF 0·86 (SI), 0·67 (S2), 0·82 (83),0·91 (S4). For C86H103Nll 016 . 
. S2.2 H20 (1617) calculated: 63·88% C, 6·67% H, 9·53% N, 3·97% S; found: 64·00% C, 6·38% H, 
9·57% N, 3·95% S. 

[8-0rnithine, 9-desglycinamide]vasopressin (Ib) 

Thioanisole (100 Ill) was added to a solution of the protected octapeptide VIIb (100 mg) in tri­
fluoroacetic acid (1·25 ml). The solution was cooled to O°C and trifluoromethanesulfonic acid 
(1 ml), precooled to O°C, was added. After standing at O°C for 30 min, the mixture was diluted 
with ether and the separated precipitate was collected on filter and dissolved in water (300 ml). 
The solution was adjusted to pH 6·8 with O·IM-NaOH and oxidized with air oxygen for 1 h. 
Acetic acid was added to pH 3·9 and the solution was filtered through a column of Amberlite 
IR-4B (acetate form). The effluents were freeze-dried and the residue (89 mg) dissolved in 50% 
acetic acid and purified by gel filtration on a Sephadex G-15 column in 50% acetic acid to give 
15·3 mg (24%) of Ib, [ex]o -15·1° (c 0·2, 1M acetic acid); E¥.14 :0·98, E~!~ 0·34; RF 0·37 (S4), 
0·43 (SI3), 0·89 (S23). Amino acid analysis: Phe 1·01, Tyr 0·92, Glu 1·00, Asp 1·00, Pro 1·03, 
Om 0·99. Cystine was determined as cysteic acid in a separate sample after oxidation with peroxy­
formic acid: 1·92. For C43H59Nll 012S2.2 CH3C02H.2 H20 (1142) calculated: 49·42% C, 
6·26% H, 13·48% N; found: 49·18% C, 5·95% H, 13·30% N. 

S-Benzyl-~-mercaptopropiony I-tyrosy I-pheny lalany I-gl utaminyl-asparaginy 1-
-S-benzylcysteinyl-proly I-N~ -p-tol uenesulfonyl-D-arginine Benzyl Ester ( VIII) 

A solution of S-benzyl -~-merca ptopropionyl-tyrosy I-phenylalanyl-gl utaminy I-a~paraginy I-S-ben­
zylcysteine hydrazide13 (239 mg) in dimethylformamide (3 ml) was mixed with 2M-HCI in dioxane 
(0·25 ml), the mixture was cooled to -20°C and butyl nitrite (25·8 mg) in dimethylformamide 
(0·8 ml) was added. The mixture was kept at -20°C for 20 min, cooled to -40°C and neutralized 
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with N-ethylpiperidine. To the thus-obtained azide a solution of benzyl ester hydrochloride 
(prepared from 250 mg V and 2M-HCI in ether) in dimethylformamide (2 ml) was added. The 
mixture was warmed to O°C and set aside at this temperature for 3 days. After evaporation 
of dimethylformamide, the residue was triturated with 1% HCI, the solid was collected on filter, 
washed with water, saturated solution of sodium hydrogen carbonate and again with water. 
The crude product was purified by g~1 filtration on Sephadex LH-20 in dimethylformamide. 
Reprecipitation from dimethylformamide and water afforded 280 mg (78%) of compound VII, 
m.p. 174-175°C, [o:J52 -29'9° (e 0'2, dimethylformamide); RF 0'77 (SI), 0'70 (S2), 0'82 (S3), 
0·83 (S4), 0'80 (S21), 0'91 (S22). For C72H86N12014S3.0·5 H 20(1449) calculated: 59'69% C, 
6'05%H, 1l-60%N, 6'64%S; found: 59'49%C, 6'15%H, 11'52%N, 6·58%S. Amino acid 
analysis: Cys(BzI) 1'03, TyrO'97, Phe 1'04, Glu 1'00, Asp 0'98, Pro 1'03, ArgO·95. 

Cyclic Disulfide of ~-Mercaptopropionyl-tyrosyl-phenylalany I-gl utaminyl-asparaginy 1-
-cysteinyl-prolyl-D-arginine (Ie) 

The protected octapeptide VIII (100 mg) was dissolved under stirring in liquid ammonia (300 ml) 
and reduced with sodium until the blue colouration persisted for 15 s. The mixture was decom­
posed with ammonium chloride and ammonia was evaporated under diminished pressure (water 
pump). The dry residue was dissolved with cooling in O'OIM-HCI (200 ml) and the solution was 
adjusted to pH 6·75. The solution was washed with ether, made up to 300 ml and oxidized with 
O'OIM potassium ferricyanide during 1 h. The mixture was filtered through a column of Amber­
lite IR-4B (c1- form; 2·5 X 27 cm; 90 g of moist resin). The effluents were freeze-dried, the 
residue was dissolved in 50% acetic acid (4 ml) and filtered through a column of Sephadex G-15 
(1' 5 X 100 cm, 50% acetic acid). The fractions, containing peptidic material, were filtered through 
a column (1'3 X 100 cm) of Bio-Gel P-4 in 1M acetic acid and eluates, containing the pure analo­
gue, were freeze-dried. The product (10 mg) had [IXJ5° - 56'7° (c 0'1, 1M acetic acid); RF 0'32 (SI), 
0'54 (S4), 0·71 (S7), 0'71 (S23). Ey.lr 0,79, ECf.l~ 1'0. For C44H60N12012S2,C2H402.2 H20 
(1109) calculated: 49'81% C, 6·18% H, 15·15% N; found: 49'85% C, 5'97% H, 15'09% N. Amino 
acid analysis: Tyr 0'96, Phe 1'06, Glu 1'03, Asp 0'98, Pro 1'02, Arg 0·94. 

Lactam of Tyrosy I-pheny lalany I-gl utaminy I-asparaginy I-S-( y-carboxypropy I)cysteiny 1-
-prolyl-NG-p-toluenesulfonyl-D-arginine Benzyl Ester (IX) 

A solution of the protected benzyl ester V (177 mg) in dimethylformamide (1 ml) was mixed 
with 2'6M-HCI in ether (1 ml). After standing for 4 min at room temperature, the hydrochloride 
was precipitated with ether and dried (Ey.l~ 0'96, Er.i-i 0'70). The hydrochloride was dissolved 
in dimethylformamide (1 ml), the solution was adjusted approximately to pH 10 with N-ethyl­
piperidine and a solution of I-deamino-l-carba-pressinoic acid14 (100 mg) and I-hydroxy­
benzotriazole (123 mg) in dimethylformamide (1'5 ml) was added. After cooling to -30°C, N,N'­
-dicyclohexylcarbodiimide (31 mg) in dimethylformamide (0'5 ml) was added and the mixture 
was stirred at _5° for 4 h and at room temperature for 20 h. N,N'-Dicyclohexylurea was filtered 
off and the filtrate was taken down. The residue was triturated with hydrochloric acid (pH 2), 
washed on the filter with water, saturated solution of sodium hydrogen carbonate, water and 
ether. The crude product (160 mg) was purified by gel filtration on a column (200 X 1 cm) of 
Sephadex LH-20 in dimethyl formamide. Effluents, containing the ·pure compound, were taken 
down and the residue crystallized from dimethylform:!mide and water, affording lCO mg (60%) 
of the product, m.p. 152-154°C, [IXJ D - 34'0° (e 0'46, dimethylformamide); RF O' 50 (SI), O' 54 
(S3), 0'66 (S4). Amino acid analysis: F;') 0'98, Arg 0'98, Cys(C3H6C02H) 0'94, Glu 1'05, Asp 
1'04, Tyr 0'92, Phe 1·08. For CS9H74N12014S2.H20 (l 257) calculated: 56'36% C, 6'09% 
H, 13'37% "I, 5'1O%S; found: 56'52% C, 6'13% H, 13'27% N, 5'09% S. 
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Lacta m of Ty rosy I-pheny la lany I-gl utam iny I-aspa raginy 1-5-( ,,(-ca rbox ypropy I )cysteiny I-prol y 1-
-o-arginine (Id) 

Trifluoro methanesulfonic acid (200 ~I ) and thi oa nisole (20 ~tI) were added a t O"C to a solution 
of the protected lactam IX (30 mg) in trillu oroace tic acid (300 ~tI). After standing at O°C for 30 min, 
the crude free lactam was precipitated with ether, filtered, washed with ether, di ssolved in water 
and the solution was filtered through a column of Amberlite IR-4R in acetate form. The effluent s 
were freeze-dried and the residue was purified by free-Ilow electrophoresis (2 500 V, 135 mAl, 
affording 6 mg of the product, [O:)l) - 47° (c 0'1, I M acetic acid); Rr 0'34 (5 I) , O' 57 (54), O' 73 (523), 
Ey.l~ 0· 80. Amino acid analysis: Arg 1'0 1, Pro 1'04 , Glu 1'01, Asp 1'02, Phe 0'98, Tyr 0'94, 
Cys(C3 H6 C02J[) 0·98. For C4SH62 NI2012S .CH3COOH.3 H 2 0 (I 109) calcu lated: 50'89% C, 
6'54% 1-1,15·15% N; found: 50'68% C, 6' 45 % 1-1 , 14'92% N. 

Pharmacological Methods 

The ill vitro uterotonic assay was carried out on iso lated rat uterine stri p21.22 . Galactogogic 
ac ti vity was determined on et hanol-anesthetized rats23

•
24 (4 - 15 days after delivery), pressor 

activilY on despillalized rats2 s. Antidiuretic ac tivity was determined on ethanol-anesthetized 
rat s26 .27 and on conscious Wistar rats28

. 

In the test of passive avoidance behaviour16 the analogues were administered s.c. in the 
dose of 5 ~lg/ kg either immediately after the electrical foot~hock or O' 5, 3 or 20 h before the 
retention test. 

We are illdebted tv AIrs H . Kot.'OI'VI'O, Mrs J. Ke/leroro alld Mrs V. Noskova l or the technical 
assis tallce. The amino acid allalyses were carried Ollt by Mrs H. Farkasovci alld the opticalrotatiolls 
were measllred by Mrs Z. Ledrillol'ci. The elemell tal alla/vses wer/' pe/jormed ill the Analytical 
Laboratory olollr Ill stitllte (Dr 1. Hort/eek, Head). 

REFERENCES 

1. de Wied D.: Nature (London) 232,58 (1971). 
2. de Wied D .: Proc. Roy. Soc. ,Scr. B 210, 183 (1980). 
3. Legros J . J ., Gilot P., Seron x., Claessens J., Adam A., Moeglen J ., Audibert A., Berchier 

P. : Lancet 1978, 41. 
4. Jenkins J. S., Mather M., Coughlan A. K. , Jenkins D . G.: Lancet 1981, 39. 
5. Weingartner H ., Gold P., Ballenger J. c., Smallberg S. A., Summers R., Rubinov D. R., 

Post R . M. , Goodwin F. L.: Science 2Jl, 601 (1981). 
6. Vojtechovsky M., Neumann J. , Krej ci I.: Activ. Nerv. Super. 23, 230 (1 98 1). 
7. Ang V. T. Y. , Jenkins J. S.: J. Endocrino!. 93, 319 (1982). 
8. Brtnik F., Barth T., Skopkovu J. , Jost K ., Krejci I., Kupkova B.: Peptides 1982. Proc. 17th 

EliI'. Pept. Symp .• Praglle 1982, p. 449 (K . Blaha , P. Malon, Eds.) , de Gruyter, Berlin 1983. 
9. Biochemical Nomellclatllre alld R elated Docllments. International Union of Biochemistry, 

London· 1978. 
10. Brtnik F., Krojidlo M., Barth T., J ost K.: This]ournal46, 286 (1981). 
II. Devadas B., Pandey R. K., Mathur K. B. : Ind . ] . Chern. 16B, 1026 (1978). 
12. Manning M., Wuu T.-C., Baxter J. W. M. : J. Chromatogr. 38, 296 (1968). 
13. Zaoral M., Kolc ]., Sorm F.: This Journal 32,1250 (1967). 
14. Brtnik F., Barth T., lost K.: This ]ournaI46, 278 (1981). 
15. Prochazka Z., Barth T., Cort]. H., lost K ., Sorm F.: This Journal 43, 655 (1978). 
16. Ader R., de Wied D.: Psychon. Sci. 29, 46 (1972). 

Collection Czechoslovak Chern. Commun. [Vol. 48J [19831 



Amino Acids and Peplides 2873 

17. Kr;:jci I., KupkoV<l B., Dlabai: A .. Ka safirek E. : Integrative Neurohumoral Mechanisms, 
Proc. Symp. Budapest 1982, p . 183. 

18. Buresova 0., Skopkov<l J.: Pept id es 3,725 (1982). 
19. Hannig K.: Fresenius Z. Anal. Chcm. lS/, 244 (1961). 

20. Prusik Z., Sedlakova E. , Barth '1'.: Hoppe-Seyle r' s Z. Ph y, iol. Chcm. 353, 1837 (1972). 
21. Holton P.: Brit. J. Pharmacol. 3 . 328 (1 948). 

22. Munsick R. A.: Endocrinology 66.45 1 (1960). 
23. Bisset G. W., Clark B. 1.. H,lldar L Harri s M .. Lewis G. P. , Rocha e Silva M.: Brit. J. 

Pharmacol. Chemotherap 3/,537 (1967) . 

24. Barth T., Jost K., Rychlik I.: Endocr in ol. Expel. 9. 35 (1974). 
25. Krejci I., Kupkova B., V ilvra I.: Brit. J . Pharm;!co l. Chcl11othcrap . .10,497 (1967). 

26. Jeffers W . A., Livezey M. M., A ustin.l. 1-1.: Pr oc. Soc. Exp. BioI. Med. 50,184 (1942). 

27. Pliska V., Rychlik 1.: Acta Endocrinol. 5-1 , 129 (1967). 
28. Burn H. J., Finney D. J., Goodwin L. G.: Bi%{!ica/ Standardizat ioll, p. 187. Oxford Uni­

versity Press, Oxford 1950. 
29. Berde B., Boissonnas R.A. in the book: Halldbook of EX/laimenta/ Pharmacology (B. Berde, 

Ed.), Vol. 23, p. 802. Springer, Berlin 1968. 

Translated by M. Tichy. 

Collection Czechoslovak Chern. Commun. [Vol. 48J [1983J 




