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Synthesis and Pharmacological Properties of 
l-Decarboxamido-8-argiiiine-vasopressin and Its 1-Deamino Analog'1 ' 
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4-Deearboxaiiiido-S-arginine-vasopressin ([4-a-aminobutyric aeid]-N-arginine-vasopressin i, an analog of 
S-arginine-vasopressin in which the carboxamide group of the glut amine residue at position 4 has been replaced 
by II, has an antidiuretic potency of approximately 760 units, mg, nea iy twice the potency of S-arginine-
vasopressin, whereas it possesses a pressor potency of approximately 3N units mg, about 0.1 that of the parent 
hormone. The antidiuretic potency of L-deamino-4-decarboxamido-s-arginine-vasopressin (j L-/3-mercapto-
propiouie acid,4-a-aminobutyric acid]-S-arginiiie-vasopressin) is approximately 1000 units mg and its pressor 
potency is approximately 10 units mg. Both analogs show low avian vasodepressor and oxytocic potencies. 

In previous studies directed toward the evaluation of 
the extent to which the various chemical functional 
groups of the posterior pituitary hormone oxytocin 
contribute to its biological activities, it was shown that 
the carboxamide group on the glutamine residue at 
position 4 is not essential for the exhibition of pharma
cological properties characteristic of this hormone. 
This fact was clearly demonstrated through the syn
thesis and pharmacological examination of 4-decarbox-
amido-oxytocin ([4-a-aminobutyric acid]-oxytocin),'- an 
analog of oxytocin in which the carboxamide group of 
the glutamine residue is replaced by H. This struc
tural modification was then extended to 8-lysiue-vaso-
pressin, the principal pressor-antidiuretic hormone of 
the hog posterior pituitary gland, by the synthesis of 
4-decarboxamido-8-lysine-vasopressin ([4-a-aminobu-
tyric acid ]-8-lysine-vasopressin).3 The antidiuretic pii-
tency of 4-decarboxamido-8-lysine-vasopressin was 
almost threefold higher and the pressor potency was 
about 25-fold lower than those of 8-lysine-vasopressin. 
Thus there was a dramatic change in the ratio of anti
diuretic to pressor activity. 

In an effort to determine whether the same structural 
modification of 8-arginine-vasopressin (Figure 1), the 
principal pressor-antidiuretic hormone of human and 
beef posterior pituitary glands, would result in a similar 
change of the activity profile, we have now synthesized 
4-decarboxamido-8-arginine-vasopressin ([4-a-amino-
butyric acid]-8-arginine-vasopressin) and investigated 
its pharmacological properties. We have also synthe
sized and tested the pharmacological behavior of 1-
deamino-4-decarboxamido-8-arginine-vasopressin ( [ 1 -
/3-mercaptopropionic acid,4-a-aminobutyric acid ]-8-
arginine-vasopressin). 

A r-Benzyloxycarbonylasparaginyl-»S-benzylcysteinyl-
pi'olyl-ArG-tosylarginylglycinamide4 served as the start
ing material for the preparation of 4-decarboxamido-
8-arginine-vasopressin and l-deamino-4-decarboxa-
inido-8-arginine-vasopressin. The benzyloxycarbonyl 
group was removed, and the appropriate residues were 
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added one by one by use of the //-nitrophenyl ester 
method,•"* as employed in the stepwise synthesis of 
oxytocin11 and 8-lysine-vasopressin.7 

The highly purified analogs gave the expected values 
in the amino acid and elemental')' analyses and ap
peared to be homogeneous when subjected to gel filtra
tion on Sephadex G-25, paper electrophoresis, and tic. 

The analogs were tested for some of the biological 
activities exhibited by the posterior pituitary hormones. 
The 4-point assay design was used in the bioassays.'1 

Assays for antidiuretic activity were performed on male 
rats according to the method of .leffers, el a/.,9 as modi-
lied by Sawyer.1" Pressor assays were carried out, on 
anesthetized male rats as described in the U S P . " 
Avian vasodepressor assays were performed on conscious 
chickens according to the procedure employed by Mun-
siek, at «/.'- Oxytocic assays were performed on isolated 
uteri from rats in natural estrtis according to the method 
of HollonA' as modified by Munsiek,14 with the use of 
Mg-free van Dyke- Hastings solution as the bathing 
fluid. All of the assays were carried out. against the 
I 'SP posterior pituitary reference standard. 

The potencies of 4-decarboxamido-8-arginine-vaso-
pressin and l-deamino-4-decarboxamido-8-arginine-va-
sopressin with respect to these pharmacological activi
ties, along with those of 8-arginine-vasopressin and 
l-deamino-8-arginine-vasopressin, are presented in 
Table I. The potencies of the corresponding analogs 
of 8-lysine-vasopressin are also included for purposes of 
comparison. 

The question originally raised as to whether the 
presence of the carboxamide group at position 4 of 
arginine-vasopressin is essential for the exhibition of 
pharmacological activity is clearly answered by the data 
presented in Table I for 4-deearboxamido-8-arginine-
vasopressin. As in the case of lysine-vasopressin, the 
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TABLE I 

PHARMACOLOGICAL POTENCIES 0 OF ANALOGS OF ARGININE-VASOPRESSIN AND LYSINE-VASOPRESSIN 

Vasopressin compd 

S-Arginine-vasopressin6 

l-Deamino-8-arginine-vasopressinc 

4-Decarboxamido-8-argimne-vasopressin 
l-Deamino-4-decarboxamido-8-arginine-

vasopressin 
8-Lysine-vasopressine 

l-Deamino-8-lysine-vasopressin / 

4-Decarboxamido-8-lysine-vasopressin<, 

l-Deamino-4-decarboxamido-8-lysine-
vasopressin" 

" Expressed in units per milligram as mean potencies ± standard error. b R. A. Boissonnas, S. Guttmann, B. Berde, and H. Konzett, 
Experientia, 17, 377 (1961). c R. L. Huguenin, E. Stiirmer, R. A. Boissonnas, and B. Berde, ibid., 21, 68 (1965). d The antidiuretic 
action is considerably more prolonged than that of the USP posterior pituitary reference standard. e See D. Gillessen and V. du Vig
neaud.3 / R. D. Kimbrough, Jr., W. D. Cash, L. A. Branda, W. Y. Chan, and V. du Vigneaud, / . Biol. Chem., 238, 1411 (1963). 

Antidiuretic (A) 
(rat) 

^-400 
1300 ± 200 

^ 7 6 0 

1020 ± 67"* 
240 ± 13 
301 ± 11 
707 ± 107 

729 ± 26 

Pressor (B) 
(rat) 

^•400 
370 ± 20 

^ 3 8 

10.7 ± 1 
266 ± 18 
126 ± 2 
10.2 ± 0 

3.5 ± 0 

.3 

.6 

.2 

Vasodepressor 
(fowl) 

^ 6 0 
150 ± 4 

^ 2 5 

9.9 ± 0.7 
50 ± 4 
61 ± 2 
13.1 ± 0.7 

12.6 ± 0.6 

Oxytocic 
(rat) 

^ 2 0 
27 ± 4 

'-^5 

3.3 ± 0.4 
7.3 ± 0.2 

12 ± 0.5 
1.54 ± 0.10 

1.51 ± 0.05 

Ratio 
A:B 

1 

3.5 
20 

95 
1 
2.4 

70 

200 

replacement of the carboxamide group of glutamine by 
H leads to an analog exhibiting the various activities 
characteristic of the hormone, although the profile of 
the activities is changed. The most striking change in 
going from arginine-vasopressin to the 4-decarboxamido 
analog is the twofold increase in antidiuretic activity 
accompanied by a tenfold decrease in pressor activity, 
leading to an antidiuretic pressor ratio of 20. The 
corresponding ratio for 4-decarboxamido-8-lysine-vaso-
pressin is 70. The parent hormones possess a ratio of 
approximately 1. The carboxamido group of gluta
mine obviously plays an important role in the degree of 
pressor activity, whereas in the instances mentioned 
its absence enhances the antidiuretic activity. 

The replacement of the amino group on the half-
cystine residue at position 1 of 4-decarboxamido-8-
arginine-vasopressin with H results in a further sub
stantial increase in antidiuretic potency and a further 
decrease, approximately 3.5-fold, in the pressor potency, 
so that the ratio of antidiuretic to pressor activity has 
now become 95 for l-deamino-4-decarboxamido-argi-
nine-vasopressin in comparison to 20 for 4-decarbox-
amido-8-arginine-vasopressin. It will be noted in con
trast that a similar modification of 4-decarboxamido-
8-lysine-vasopressin did not lead to an increase in anti
diuretic potency. However, there was a threefold de
crease in pressor potency, so that the antidiuretic:pres
sor ratio of l-deamino-4-decarboxamido-8-lysine-vaso-
pressin is 200. 

With their very high antidiuretic and their very low 
pressor and oxytocic potencies, both l-deamino-4-de-
carboxamido-arginine-vasopressin and l-deamino-4-
decarboxamido-lysine-vasopressin offer attractive possi
bilities for clinical application as antidiuretic agents. 

Experimental Section15 

.V-Benzyloxycarbonyl-a-aminobutyrylasparaginyl-iS-benzyl-
cysteinylprolyl - NG - tosylarginylglycinamide.—-V - Benzyloxycar-
bonylasparaginyl-<S-benzylcysteinylprolyl-A'G-tosylarginylgrycin-
amide4 (.5.6 g) was dissolved in 20 ml of glacial AcOH, and 20 ml 
of a solution of HBr in glacial AcOH (40%, w/w) was added. 
The resulting precipitate dissolved during the next 15 min. 
After 1.5 hr at room temperature the solution was poured into 
400 ml of dry E t 2 0 . The precipitated hydrobromide of the free 
pentapeptide was washed by decantation with three 150-ml 

(15) All melting points are corrected capillary melting points. Where 
analyses are indicated only by symbols of the elements, analytical results 
obtained for the elements were within =h0.4% of the theoretical values. 
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Figure 1.—Structure of 8-arginine-vasopressin. Numbers indicate 
the position of the individual amino acid residues. 

portions of E t 2 0 . After being dried in vacuo over NaOH and 
CaCla overnight, the hydrobromide was dissolved in 120 ml of 
dry MeOH and passed through a column of Rexyn RG1 (OH) 
(Fisher). The column was washed with 350 ml of MeOH and, 
after removal of the solvent from the combined eluate and wash
ing, the residue was dried for several hours in vacuo and then 
dissolved in 11 ml of DMF. To this solution 2.2 g of p-nitro-
phenyl A7-benzyloxycarbonyl-a-aminobutyratez was added at 
5°. The reaction mixture partially solidified after it was allowed 
to stand for 2 days at room temperature. EtOAc, 50 ml, and 
EtOH, 10 ml, were added and the resulting gel was kept for 1 
hr at 2° before it was filtered off and then washed with a total 
of 150 ml of EtOAc and 120 ml of EtOH. After being dried over 
P2O5 in vacuo the product weighed 4.4 g; mp 196-199° (sintering 
at 189°), H 2 3 D - 3 6 . 6 ° (c 1, DMF) . Anal. (C«H6iNnOnS2) 
C, H, N. 

iV-Benzyloxycarbonylphenylalanyl-a-aminobutyrylasparaginyl-
S-benzyIcysteinylpropyl-VG-tosylarginylglycinamide.—The pro
tected hexapeptide described in the preceding section (4.0 g) was 
dissolved in 10 ml of glacial AcOH and treated with 10 ml of 
HBr in glacial AcOH (40%, w/w) by the procedures described 
in the preceding section. The hydrobromide was isolated, dried, 
dissolved in 80 ml of dry MeOH, and passed through Rexyn RG1 
(OH), and the column was washed with 150 ml of MeOH. 
The residue obtained after evaporation of the MeOH from the 
eluate and washing was dried in vacuo, dissolved in 8 ml of D M F , 
and then treated with p-nitrophenyl AT-benzyloxycarbonyl-
phenylalaninate16.17 (1.7 g) at 0°. After 3 days a t room tempera-

(16) M. Goodman, and K. C. Stueben, J. Amer. Chem. Soc, 81, 3980 
(1959). 

(17) M. Bodanszky, and V. du Vigneaud . ibid., 81, 6072 (1959). 
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Hire 100 ml of KtOAc were added. The precipitate was collected 
and washed with several portions of KtOAc and of KtOH until 
i he washing was free of p-nitrophenol. After being dried over 
P..O-. in mrno the compound weighed o.2 g; mp 101 19oc, 
|<v!-;[> -:!:5.x° (,: 1, DMF). Anal. iC.v,H-„N12Oi-.S:.i ( \ H, N. 

A -Benzyloxycarbonyl-0-benzyltyrosylphenylalanyl-«-amino-
butyrylasparaginyl -S - benzylcysteinylpropyl - A'11 - tosylarginylgly-
cinamide.- Tire preceding protected heptapeptide (2.0 g) \va~ 
<lissolved by being heated in b"> nil of glacial AcOH, cooled to 
room temperature, and converted into the hydrobromide by 
trea.tment with I." ml of HBi' in glacial AcOIl ( 4 0 ' , , w/'w) a> 
already described. The salt was then dissolved in SO ml of dry 
MeOll and passed through a column of Rexyn RG1 (Oil). 
After removal of the solvent the residue was dissolved in .1 nil of 
DMK and allowed to react with 1.2 g of /;-nitrophenyl A-benzyl-
oxyearbon\ l-O-benzyltyrosinate" for :> days at room temperature. 
After addition of .10 ml of KlOAc to the semisolid material, the 
precipitate was collected, and washed with small portions of 
KlOAc and of KtOH lint il the washings were free of /j-nitrophenol. 
After being dried in. vacuo over P2().-, the compound weighed 2.7 g; 
mp221 22:1°. M2::i> -3<>.2° w 1, DMK). Anal. :C71 Ih:X,:<OuS'i 
('. H. X. 

i-Decarboxamido-8-arginine-vasopressin i |4-«-Aminobutyric 
acid|-8-arginine-vasopressin). The preceding protected oela-
peplide (1.4 g) was suspended in '•>') ml of trifhioroethanol and 
11 Br was bubbled through the suspension for 7.1 min. The solvent 
was removed in vacuo and the residue was dissolved in 20 ml of 
dry MeOll, precipitated with IJ.K) ml of dry Kt2(), washed re
peatedly with KtoO, and dried over XaOH and CuCb. The ma
terial was then dissolved in 4(1 ml of dry MeOII, and the solution 
was cooled to — 10° before the pll was adjusted to N..1 (Gramercy 
indicator! by ihe addition of TKA. The solvent was removed 
in vacua and the residue was suspended in -SO ml of IKO. stirred 
tor I hr at 0°, fihered off, washed with IKO, and dried over P.O.-. 
in niriii). This material, 1.1") g, was dissolved in 10 ml of DMK 
and allowed to react with 5.10 mg of p-nitrophenyl A-benzyloxy-
earbonyl-S-benzvleysteinate.6-"' After ."> days at room tem
perature the solution was concentrated to a volume of ,"> ml before 
the addition of .10 ml of KtOAc. The resulting precipitate was 
collected and washed in ihe usual manner with KtOAc and with 
KtOH. After being dried in riicuo over P;0., the compound 
weighed 1.2:>g; mp 201 204D isint ering at IN!)0'., [,i!SJi> —:!.">.:jc 

••r 1, D M K L 

This protected nonapeptide 0507 mg) was dissolved in ap
proximately 200 ml of liquid XIK (freshly distilled from XaJ and 
treated at the boiling point with Xa until a blue color persisted 
throughout the solution for about ol) sec.19'2" The XIK solution 
was subsequently concentrated, and the final 2.3 ml were removed 
by lyophilization. The loose powder was dissolved in S00 ml of 
IKO containing a few drops of AcOH. The pll was adjusted to 
ti.N with XaOH and was kept between (i.,1 and 7.0 by the addition 
of XaOH while the solution was titrated with 4.1 ml of a 0.01 A 
KsFelCX iti solution.21 After 0..1 hr the ferro- and ferricyanide 
ions were removed by passage of the solution through a column 
of A(',:!-X4 (C'albiochem j in the CI ~ form. After the solution was 
acidified with AcOH and concentrated to approximately 20 ml. a 
mixture of BuOH pyridine (10:7; was added dropwise until a 
second phase started to separate. This solution was applied to 
a Sephadex (!-2.1 column (2.1.1 X 1 10 cm) that had been equili
brated with the aqueous phase of the system BuOH pyridine 
0.2 A' AcOH (10:7:24;. The column was eluted2'2'2" with the 
organic phase at a flow rate of bi ml hr, and 00 .1-ml fractions 
were collected. A plot of the Kolin Howry color values24 of 
aliquots from alternate fractions indicated a major peak with a 
maximum at fraction 4S. The central fractions of the main peak 
(fractions :i.l .1.1 j were combined, diluted with twice the volume 
of IKO, and concentrated to :30 ml. After the addition of 100 
nil of IKO and subsequent concentration to a volume of appro.xi-

IS! M. Hodairszk> M. Szelkc. It. l 'ntiiurk.-i]; . unit V.. \\ e l s / Cl,,,„. 
Ind. t L . m d o n ) . l . i lT (11)"I."I). 

lin It. II. Sifferd and V. iln Vtfnieatid. V. Bwl. I ' l ™ . , 108, 7a3 i l i a . l n 
i2(.n V. du Yi sneaud . ami O. K. Belirens. ibid.. 117, 27 (11137). 
21] V du VijjncaMcl, O. Wines tuck , V. V. S. Mttr t i , I ) . H. Hope, and 

l i . I) . Kimhrutii i l . . J r . . ibid.. 235, P C 64 i 19150;: II . I'.. Hupp. V. V. S. M a r t i , 
and V. da Yisnieaud, ibid.. 237, 1563 iHlfi2i. 
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mately :>0 nil. the solution was tillered and lyophilized, and i:i:> 
mg of a fluffy, white powder was obtained. This material was 
dissolved in 7 ml of the organic phase of the s\stem BuOH 
KlOH-pyridino 0.2 A' AcOH (S:1:2:I4) anil 'applied to a 
Sephadex (1-2.1 column (2.No X .IS cm i that had been equilibrated 
with both phases of this system. Kluiion with the organic phase 
was performed and fractions were collected at a flow rale of 22..1 
ml hr. A plot of the Kolin Kowry color values showed a major 
symmetrical peak having an II: of 0.2.1. The amount of -1-dc-
carboxamido-N-argitiine-vasopressin isolated from the main peak 
was ,1.1 mg, !o'j26n --24.0° (r 0..1. 1 A' AcOH i. When the analog 
was subjected to paper electrophoresis in a pyridine AcOH buffer 
(pll .1.6 ! and to lie on Silica (lei G in the upper phase of the system 
BuOH AcOH-IKO (4 :K.."> i. il traveled as a single spot, ('pop 
gel filtration of the compound on Sephadex G-2.1 in 0.2 A' AeOIl 
it emerged as a single peak. Kor analysis a sample was dried 
in vacua at 100° over 1Mb for (i hr, and a weight loss of S.7', was 
observed. Anal. i( ',.-,HMXuOiiS, . ( ' JKO, t (', II. X. 

A sample was hydrolyzed in 6 A 1IC1 at 1 10° for 22 hr and then 
analyzed by the method of Spackman, il al..'1'" on a Beckman-
Spinco amino acid analyzer. The following molar ratios of 
amino acids and XIK were obtained, with ihe value of glycine 
taken as 1.0: aspanic acid 1.0. proline 1.0, glycine 1.0, ( l-
aminobutyric acid 1.0, cystine 1.0, tyrosine 1.0, phenylalanine 
1.0, arginine 1.0. and XIK 2.2. 

^-Benzyl-rJ-mercaptopropionyltyrosylphenylalanyl-a-amino-
butyrylasparaginyl - S - benzylcysteinylprolyl - A"c; - tosylarginylgly-
cinamide. A'-benzyloxycarboiiyl-O-benzyllyrnsYlphenylalanyl-
a-aminobutyrvlasparaginyl-rS-benzylcYsteinylprnlvl - A (; - tosyl-
arginylglycinamide (1.1 g) was suspended in !>."> ml of trifhioro
ethanol and IIBr was bubbled through the suspension for I..1 hr. 
The solvent was removed in vacuo and the residue was dissolved 
in 20 ml of dry MeOll. precipitated with 200 ml of Kt-.O, and 
washed twice with small portions of Ki2(). After being dried 
over XaOH the material was dissolved in :j ml of DMK. The pll 
was adjusted to S..1 with TKA and MOO mg of /;-nitropheuyl-
iN-benzyl-rj-morcaptnpropionate21 was added. After 10 days at 
room temperature ihe material was precipitated by addition of 
•10 ml of KtOH IKO (1:1 S, collected, and washed twice with 2.1-ml 
portions of KtOH and with small portions of KtOAc until the 
washings were free of /;-nitrophennl. After being dried over PA) 
in vacua the compound weighed 1)00 mg; mp 1!)2 104°, |n,s:;i> 
- : ! ; } . T (c 1, D.Ml'i. Anal. tC^US-j),-.^, C, IK X. 

l-Deamino-4-decarboxamido-8-arginine-vasopressin i \l-j-
Mercaptopropionie acid,4-a-aminobutyric Acidi-8-arginine-
vasopressin). The removal of the protecting groups from the 
preceding proiected polypeptide and ihe oxidation of the resulting 
disulfhydryl compound to the cyclic disulfide were carried out 
by the procedures already described for the synthesis of 4-de-
carboxamido-N-aiginino-vasnpressin. After removal of theferri-
and ferrocyanide ions, the :H|ueous solution of the l-deaminn-4-
decarboxamido-N-arginine-vasopressin prepared from 400 mg of 
tlie protected polypeptide was concentrated to 20 ml, equilibrated 
with the organic phase of the solvent system BuOH pyridine 0.2 
A' AcOH (IK 1 :N i. and applied to a Sephadex (1-2.1 column (2.1.1 X 
110 nu 1 thai had been equilibrated with the aqueous phase of 
the system. Kluiion with the organic phase was performed, and 
.1.0-ml fractions were collected at a flow rale of 12..1 ml hr. A 
plot of the Kolin Kowry color values for aliquots of selected 
fractions indicated a major peak with a maximum at fraction .10. 
The material isolated from fractions 47-00 weighed 14-1.2 mg. 
This material was submitted to chromatography in the solvent 
system BuOH-(. 'JK pyridine 0.2 A" AcOH (12: 1:2: IK. The 
sample was dissolved in 12 ml of the organic phase of t his system 
and ehromatngraphed on a 2.S)S X IN cm column with the collec
tion of ,1-ml fractions at a flow rate of 2M ml hr. Plotting of the 
Kolin Kowry color values showed a major peak having an /.', of 
O.M(i. From fractions 40 .111, 120.0 mg of l-deainino-4-deearbo\~ 
amidn-N-arginhie-vasopressin. having an j«]2l:,i> — II);).!)0 (c 0..1. 
1 A' AcOH ), was isolated. When a sample of this compound was 
subjected to electrophoresis anil tic under conditions already 
described, il traveled a- a single spot. It also emerged as a 
single peak from a gel lilt rat ion column. Kor analysis a sample 
was dried in vacuo at 100° over P4)., for (i hr and a weight loss of 
7.1)', was observed. Anal. (VJKiX, .A .S , (bH4(),l H. X; (': 
calcl. 12.0 found, .11. 1 

.2.1, 1) II. spa rkn ia i l . \\ . II St t-in. am 1 s . M , „ , , ; • . . 1 /,,„' f , / , , , „ . , 3 0 . 
I l l o S i . 
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A sample was hydrolyzed in 6 A" HC1 at 110° for 22 hr and then 
analyzed in the 50-50° system on a Beckman-Spinco amino acid 
analyzer. The following molar ratios of amino acids and NH3 
were obtained with the value of glycine taken as 1.0: aspartic 
acid 1.0, proline 1.0, glycine 1.0, a-aminobutyric acid 1.0, tyrosine 
0.9, phenylalanine 1.0, arginine 0.9, and NH3 2.0. In addition, 
cystine (0.4) and the mixed disulfide of cysteine and /3-mercapto-
propionic acid (0.6) were present. These two sulfur compounds 
account for the half-cystine residue in this analog.21 

Ivy and Oldberg1 reported in 1928 the discovery of 
a new gallbladder-contracting principle of the small 
intestine, and named it cholecystokinin (CCK). Al
most 15 years later, Harper and Raper2 discovered in the 
mucosa of the upper intestine a substance that caused 
secretion of enzymes in pancreatic juice. This sub
stance, which they also considered to be a specific hor
mone, was named pancreozymin (PZ). Finally, in 
1964 Jorpes and Mutt3 isolated from the same intesti
nal tissue a polypeptide that, exhibited the properties of 
both cholecvstokinin and pancreozymin. They have 
referred to it, at least temporarily, as cholecystokinin-
pancreozymin (CCK-PZ). This hormone, for 
which a partial structure (I) has been proposed,4~6 is a 
polypeptide of 33 amino acid residues :7 

Lys-(Alai,Glyi,Proi,Seri)-Arg-Val-(Ilei,Meti,Ser1)-Lys-Asn-
(Asxi,Glxi,Hisi,Leu2,Proi,Ser2)-Arg-Ile-(Aspi,Seri)-Arg-Asp-

S03H 

(Gly I,Met2,Trp1)Tyr1)-Asp-Phe-NH2 

I 

T h e s e q u e n c e of t h e a m i n o ac ids of t h e C - t e r m i n a l 
o c t a p e p t i d e of I is as follows :8 

SO3H 
I 

Asp-Tyr-Met-Gly-Trp-Met-Asp-Phe-NH2 
1 2 a 4 5 6 7 8 

II 

This octapeptide II possesses the biological activities 
of the full hormonal molecule9 and showed 8-10 times 

(1) A. C. Ivy and E. Oldberg, Amer. Physiol, 86, 599 (1928). 
(2) A. A. Harper and M. S. Raper. ./. Physiol. (London), 102, 115 (1943). 
(3) J. E. Jorpes. V. Mutt, and K. Toczko, Acta Chem. Scarut., 18, 2408 

(1964). 
(4) V. Mutt and J. E. Jorpes. Biochem. Biophys. Res. Commun.. 26, 392 

(1967). 
(5) V. Mutt and J. E. Jorpes, Eur. ./. Biochem... 6, 156 (1968). 
(6) V. Mutt and J. E. Jorpes, Proc. lid. Union Physiol. Set., 6, 193 

(1968). 
(7) The abbreviations recommended by the IUPAC-IUB Commission 

on Biochemical Nomenclature (./. Biol. Chem., 241, 2491 (1966); 555 
(1967)) are used in this paper. 

(8) J. E. Jorpes, Gastroenterology, 55, 157 (1968). 
(9) M. A. Ondetti. J. Pluscec, E. F. Sabo, J. T. Sheehan, and X. Williams, 

./. Amer. Chem. Hoc. 92, 195 (1970). 
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: the gallbladder-contracting activity of CCK-PZ in vivo 
I and in vitro.w 

The C-terminal pentapeptide of I is structurally 
> identical with both the C-terminal pentapeptide of 
1 gastrin,11 a hormone that controls secretion of gastric 

acid, and with the C-terminal pentapeptide of caeru-
lein,12 a decapeptide isolated from the skin of an am-

1 phibian, Hyla caerulea. 
The remarkable biological properties of II prompted 

f us to study the importance of various structural fea-
i tures of the molecule, namely: (a) N-terminal amino 

group, (b) aspartic acid residues in positions 1 and 7, 
: (c) methionine residues in positions 3 and 6, and (d) 
i position of the O-sulfate-L-tyrosine residue. A selected 

number of analogs and derivatives of II, which are 
listed in Table I, were synthesized and evaluated biolog
ically. 

Chemistry.—Two synthetical approaches were used: 
(1) stepwise, starting from the C-terminal amino acid 

2 residue (analogs 6 and 7), and (2) fragment condensa
tion (1, 2, 3, 4, 5, 8). In the stepwise approach, 

1 two types of active esters, 2,4,5-trichlorophenyl13 

ester and p-nitrophenyl ester,14 were used for the 
coupling steps. In the fragment condensation, the 
N-terminal dipeptide azide was coupled with the C-
terminal hexapeptide. Both fragments were synthe
sized stepwise. The introduction of the sulfate ester 
group was carried out with coned H2SO4 in the prepara-

s tion of 6 and 7, and with pyridine-S03 complex15'16 in 
s that of the other analogs. Sulfation with H2SO4 was 

(10) B. Rubin, S. L. Engel, A. M. Drungis, M. Dzelzkalns, E .O. Grigas, 
8 M. H. Waugh, and E. Yiacas, J. Pharm. Sci.. 58, 955 (1969). 

(11) J. Beacham, P. H. Bentley, R. A. Gregory, G. W. Kenner, J. K. 
2 MacLeod, and R. C. Sheppard, Nature, 209, 585 (1966). 
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(1967). 

3 (13) J. Pless and R. A. Boissonnas, Heir. Chim. Acta, 46, 1609 (1963). 
(14) M. Bodanszky, Nature, 175, 685 (1955). 

n (15) H. C. Reitz, R. E. Ferrel, H. Fraenkel-Conrat, and H. S. Olcott, 
5 ./. ,4mer. Chem. Soc, 68, 1024 (1946); K. S. Dodgson, F. A, Rose, and 

and N. Tudball, Biochem. J., 71, 10 (1959); J. Beacham, P. H. Bentley, 
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i, Chem. Soc. C. 2520 (1967). 
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A number of analogs of the C-terminal octapeptide of cholecystokinin-pancreozymin (CCK-PZ) were syn
thesized, using both stepwise and fragment condensation approaches. Their gallbladder-contractile activities 
were compared with those of the C-terminal octapeptide of CCK-PZ in vivo and in vitro. 


