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4-Deenrboxantido=S-nrginine-vasopressin - { [4-a-tminoluxtyric

aeid[=-S-nrghnmnesvasapressin, aun annlog ol

S-nrginine-vasopressin in which the earbaxamide graip of the ghitamine residie at position 4 has heen replaced
by H, has an antidiuretic potency of approximately 760 1nitz img. neasly (wice the pateney of S-arginine-
vasopressil, whereas it passessex a pressar poteney of approximacely 38 units g, ahon 0.1 that of the parent

harmone.
pmplomc acid,4-a-aminabutyric acid]-S
potency is dppl(;leiteL\ 10 1nits‘'mg,

In previous studies directed toward the evaluation af
the extent to which the various chemical functional
groups of the posterior pituitary hormone oxytoein
contribute to its biological activities, it was showi 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 syi-
thesis and pharmacological examination of 4-decarbox-
amido-oxytocin ([4-a-aminobutyric acid Joxytocin).?
analog of oxytoein in which the earboxamide group of
the glutamine residue is replaced by H.  This struce-
tural modification was then extended to 8-lyvsine-vaso-
pressin, the principal pressor-untidiuretic hormone of
the hog posterior pituitary gland, by the svnthesisx of
4-decarboxamido-8-lysine-vasopressin - ([4-a-aminobu-
tyric acid -8-lysine-vasopressin).*  The antidiuretic pa-
teney of  d-decarboxamido-8-lysine-vasopressin wis
almost threefold higher and the pressor poteney was
about 25-fold lower than those of 8-lvsine-vasopressin.
Thus there was a dramatic change in the ratio of anti-
diuretic to pressor activity.,

In an cffort to determine whether the same stractural
modification of 8-arginine-vasopressin (I'igure 1), the
principal pressor-antidiuretic hormone of human and
beef posterior pituitary gland=, would result in a similar
change of the activity profile. we have now syvuthesized
4-decarboxamido-8-arginine-vasopressin - ([4-@-amino-
butvric aeld]-8-urginine-vasopressin} and investigated
its pharmacological properties. We have also synthe-
sized anud tested the pharmacological behavior of -
deamino-t-decarboxamido-8-arginine-vasopressin - ([1-
S-mercaptopropionic  acid,4-a-aminobutyric  acid |-8-
arginine-vasopressing.

N-Benzyloxyearbonvlasparaginyl-S-benzvleyvsteinyl-
prolyl-NCG-tosvinrginylglycinamidet served as the start-
ing material for the preparation of 4-decarboxamido-
S-nrginine-vasopressin. and  1-deamino-4-decarboxu -
mido-8-nrginine-vasopressin. - ‘T'he benzyvloxyearbonyl
group was removed, and the appropriate residues were
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whom correspondence and reprint requests sliould he sent at tlie Department
of Clewistey, Cornell Uatversily, Itlaea, N Y. 14830,
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The antidinretic poteney af 1- dedlnlll()-4-de(“ll})()\‘illlld()-\-alU‘lllllle-V‘l\()ple\\lll
-arginine-vasopres
Both anutogs shaw lu\\ avinn vasodepiressor and oxytocie [otencies,

([1-B8-mereapto-
i) s :ll)pm\nna\el\ 1000 1nits, mg and its pressor

added one by one by use of the p-nitrophenyl ester
method,® as cmploved in the stepwise synthesis of
oxyvtoein® and 8-lvsine-vasopressin.’

The highly purified analogs gave the expeeted values
in the amino aeid and elementary analyses and ap-
peared to be homogeneous when subjected to gel filtra-
tion on Sephadex G-25, paper eleetrophoresiz, and tle.

The analogs were tested for some of the biologieal
activities exhibited by the posterior pituitary hormones.
The d-point assay design was used i the bloassays.”
Assays for antidiuretic activity were performed an male
rats neeording to the method of Jeffers, ef al..? 13 madi-
fied by Sawver.”  Pressor assays were earried aut on
anesthetized male mts ns deseribed in the USPY
Avinn vasodepressor assavs were performed on conseiots
chickens aceording to the procedure emploved by M-
sick, ef @l Oxvtocic nssuys were performed on isolated
utert from rats in natueal estrus necording to the method
of Holton,"* as modified by Munsick,"™ with the tuse of
Mg-free van Dyke-Hustings solatian as the bathing
fAuid. Al of the assays were earried out against the
URDP posterior pituitary reference standard.

The potencies of -decarboxamido-8-arginine-vasa-
pressin nud I-denmino-4-decarboxamido-8-arginine-vi-
sopressin with respeet ta these ph'u'm'\col()“'i(“\l activi-
ties. adong witlh those of S-rginine-vasapressin nnd
I-deamino-8-arginine-vasopressii,  are  presented  in
Table I The patencies of the corresponding analogs
af 8-lvxine-vo=opressin are alsa ineluded for purposes of
COMPUIRON.

The questian originally raised os to whether the
presence of the carboxamide group at position 4 of
alginine-vasopressin is essential for the exhibition of
pharnieolagical netivity is elesrly answered by the data
presented i Table T far 4=decairboxnmido-8-arginine-

visapressin. - As i the case of lysine-vasopressiit. the
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TapLe I

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

Antidiuretic (A) Pressor (B) Vasodepressor Oxytocic Ratio
Vasopressin compd (rat) (rat) (fowl) (rat) A:B
8-Arginine-vasopressin® 400 400 60 20 1
1-Deamino-8-argitline-vasopressin® 1300 + 200 370 &= 20 150 = 4 27 £ 4 3.3
4-Decarboxamido-8-arginine-vasopressin =~ ~~760 38 2D 5 20
1-Deamino-4-decarboxamido-8-arginine-
vasopressin 1020 & 67¢ 10.7 £ 1.3 9.9 £0.7 3.3 +0.4 95
8-Lysine-vasopressine 240 = 13 266 = 18 50 = 4 7.3+0.2 1
1-Deamino-8-lysine-vasopressin/ 301 £ 11 126 + 2 61 = 2 12 = 0.5 2.4
4-Decarboxamido-8-lysine-vasopressiile 707 &= 107 10.2 + 0.6 13.1 £ 0.7 1.54 = 0.10 70
1-Deamino-4-decarboxamido-8-lysine-
vasopressin¢ 729 + 26 3.5+£0.2 12.6 = 0.6 1.561 £ 0.05 200

¢ Expressed il units per milligram as meail potencies =+ standard error.

Ezxperientia, 17, 377 (1961).

action is considerably more prolonged than that of the USP posterior pituitary reference standard.
/ R. D. Kimbrough, Jr., W. D. Cash, L. A. Branda, W. Y. Chan, and V. du Vigneaud, J. Biol. Chem., 238, 1411 (1963).

reaud.?

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,
80 that the ratio of antidiuretic to pressor activity has
now become 95 for 1-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 1-deamino-4-decarboxamido-8-lysine-vaso-
pressin is 200.

With their very high antidiuretic and their very low
pressor and oxytocic potencies, both 1-deamino-4-de-
carboxamido-arginine-vasopressin and 1-deamino-4-
decarboxamido-lysine-vasopressin offer attractive possi-
bilities for clinical application as antidiuretic agents.

Experimental Section'?

N -Benzyloxycarbonyl-«-aminobutyrylasparaginyl-S-benzyl-
cysteinylprolyl - NG - tosylarginylglycinamide.—V - Benzyloxycar-
bonylasparaginyl-S-benzyleysteinvlprolyl-Né-tosylarginyiglyvcin-
amide? (3.6 g) was dissolved in 20 ml of glacial AcOH, and 20 ml
of a solution of HBr in glacial AcOH (409, w/w) was added.
The resulting precipitate dissolved during the next 15 min.
After 1.5 hr at room temperature the sclution was poured into
400 ml of dry Et;0. The precipitated hydrobromide of the free
pentapeptide was washed by decantation with three 150-ml

(13) 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 =£0.4% of the theoretical values,

¢ R. L. Huguenin, E. Stiirmer, R. A. Boissolltlas, and B, Berde, ibid., 21, 68 (19653).

® R. A. Boissonas, 8. Guttmailn, B. Berde, and H. Konzett,
@ The antidiuretic
¢ See D. Gillessen and V. du Vig-
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Figure 1.—Structure of 8-arginine-vasopressin. Numbers indicate
the position of the individual amino acid residues.

portions of Et,0. After being dried in vacuo over NaOH and
CaCl; overnight, the hydrobromide was dissolved in 120 ml of
dry MeOH anld passed through a columu 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 hollrs /n vacuo and then
dissolved it 11 ml of DMF. To this soliition 2.2 g of p-nitro-
phenyl N-benzyloxycarbonyl-e-aminobutyrate? 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
P10 in vacuo the product weighed 4.4 g; mp 196-199° (sintering
at 189°), [«]®®p —36.6° (¢ 1, DMF). Anal. (CeHaNuOuS:)
C, H, N.
N-Benzyloxycarbonylphenylalanyl-a-aminobutyrylasparaginyl-
S-benzylcysteinylpropyl-NC-tosylarginylglyeinamide.—The pro-
tected hexapeptide described i the preceding section (4.0 g) was
dissolved in 10 ml of glacial AcOH and treated with 10 ml of
HBr in glacial AcOH (409, 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 DMF,
and then treated with p-nitrophenyl N-benzyloxycarbonyl-
phenylalahinate!s 7 (1.7 g) at 0°. After 3 days at 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).



348 Joonal of Modieinal Chepiistyn, 1970, Vol 1.5, No. .

ture 10 ml of E1tOAe were added. The precipitate was colleeted
anad washed with <everal portiois of FtOAe and of EOH undil
the washing was [ree of p-nitrophenol.  Alter being dried over
1.0 yn eacno 111(* componnd  weighed 3.2 g0 mp 191-105°,
) “‘:) ). N° te , l)_\lF) 4 IICI/‘ l(,l:.:.IIT(,NJ:(JJ;IS-_nI (l, ll, N

\'-Benzyloxycarbonyl-O-benzyltyrosylphenylalanyl-a«-amino-
butyrylasparaginyl-S -benzylcysteinylpropyl -\ -tosylarginylgly-
cinamide.- ‘The preceding protected heptapeptide (2.6 g) was
dizzolved Ty heing heated e TS ml o glacinl AcOl11, cooled te
roont temperatire, aud converted o the hydrobromide Dy
treatiment with 13 ml of HBe in glacial AcOIT 14007, \\/\\ ) ils
already deseribed. The sall was theny dissolved 1u S0 ml of dry
MeOIl and paxsed throngh o colmmn of Rexyo RGL 1O1D,
Alter renwoval ol the =olvent the residne was dissolved in 5l of
DAME and allowed 1o reaet with 1.2 ¢ of p-nitrophenyl N=henzyl-
oxvenrhonyvl-O-benzyvltyrosinates for 35 davs at room temperatre,
Afrer addition of 50 ml of FaOAe 10 the semizolid material, the
precipitate was collected, and wushed with small portions ol
FAOA e aud of BtOH mnl the washings were ree of ]J-lli\l'()])lli‘ll()l.
Alver being deied 7o roewa over PaO): the componnd weighaed 2

1111; DAL 2255 [T =~ 56.2° <o 1, DN Dl (Crdl “(il .< i

LN,

4-Decarboxamido-8-arginine-vasopressin { {4-w-Aminobutyric
acid[-8-arginine-vasopressin).--The preceding rotected octa-
peptide (1.4 ) was =nspended in 55 ml of wifluorcetluinol nd
HBrwas hubhiled (hrough the su=pension for 75 min. The solven
wies removed D raedo and the residne was dissolved 1in 20 ml of
dry MeOll, precipitated with 350 ml of dry 120, washed re-
peaicedly with O and dried over NaOll and CaCl, The ma-
terial was then dizsolved in 40 ml @ dey MeOI, and the =olnton
wits cooled to —10° hefore the pll was adjusted to 8.5 (Gramerey
indicatert by the additiore of TIA. The sadvent was removal
m vaene ald the residae was ~uspended 11030 ml of TLO, stirred
e T L at 02, filtered oll, washed with M0, aud dried over PaO:
O edeno. This materialy 115 g, was dissolved in 10 ml of DA
and wllowed to renet with 530 mg ol prdirophenyl V-benzyloxy-
carbonyl=-S-benzyleyvsteinate. . Alter 5 dayvs al room 1em-
peratuve the solntion was concentrated to a volume ol 5 ml befare
the addition ol 50 ml of KtOAe, The resulting precipitate wis
eollected and washed in the nsnal manner with EtOAe and with
IO ATter being dried /moracuo over I’(i the ((;1111)(;1111(1
welghed 1.25 g mp 201 -404° Ginvering an 1RO 5 [ol®D =550

1. DMEF:

Thix protected vonapeptide 507 mg)y was dissolved i ap-
proximately 200 ml of liquid N1l tfreshly diztilled from Nij and
trested e the hoiling point with Na until a blne color persisted
thronghont the solunGioun for nhont B0 see . The Ny =olntion
wis =nbsequently coneentrated, nd the final 20 ml were removed
by Ivophilization.  The laose powder was dissolved in 800 ml ol
ILO containing o Tew drops of AcOlL The pH was ndjusted o
(s with NaOILand was kept hetween 6.5 and 7.0 by the addition
of NaOl1l while the =olntion was titrared with 45 ml of o D.OL A
NP etON g =olntion ' After 0.5 he the ferro- aund ferrievanide
ions were removed by Juissage ol the =olnion throngh a cohinn
ol ACe=N4 Calbiochemn tin the Cl7rormn, After the solntion was
acidificd with AcOH and concentrated to approximately 20 ml «
mixtire ol BnOTL pyridine 110075 was added dropwise nntil a
secrand phase started (o <eparate. Thix solution was applied to
i Nephadex (=25 cohlmn 12.1) X 110 e that had been eqnili-
brated with the aqueons phase ol the svstemn BinOTl-pyridine
0.2 N AcOF 1o:7:240 The colmmn was eluted?2* with the
organie phase at o How rate of 15 ml Ly aved 90 S-ml fractions
were ecollected. A plor ol The Folin: Towry color values?t of
alignot= Irom altervate fractions indieated a major peak with «
naxinmm at rnetion 45, "The central fractions of the moin peak
ractions 55 550 were combined, dilnted with twice the volame
ol 11O, and concentrated to 50 ml Adter the addition of 100
il ol TLO and subrequent cancemtriation 1o o volihme ol approxi-

sy ML Beadaoszky, ML Syetke, 10 Tivdckeny . soel 120 Weaz, Chon,
Lo tlosdnn) . 1517 (1UH51.
e R Sifferd wad Voodo Viwoeawd, . Biol, Chen, 108, 753 10435

200 Vo de Vigaewod, aml O KL Delireas, thid., 117, 27 110375,

20 Voala Vigoewd, (G Wiaestock, Vo VoS0 Maert, Do Hope, wad
11, D, Kicobrougl, Je. (hid., 285, PCH1 (10505 DL T DNope, Vo VS0 Mo,
apsl Vola Vieaeawd, /bid.. 287, 1503 (1062,

2 §) e Nodwre, 201, TGS
. stien, 1L Gillessew, wel Vol Vigosial 0 Towe, Claog
.. 88, 1410 101G
210 O0 11 Lewey s No L Hosenewsb, VL Mo
SRl G 198, 21 (18R
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wmiely 50l the =olnticre was filiered awd Iyophilized, waal 155
mg ol o fAntly, white powder was obtained. This nuaerial was
dissolved e T ml ol the organic 1;11'(\( al the systemn BnOll
ECOH-oridine-0.0 N AcOD oS A4 applied e«
Sephadex G=25 colmmn €283 X 5% e 111;11 had Deen eqnilibraied
with both pluses o thix system. Eliion with the orgnie phase
wax performed aud Traetions were collected aua flow mne ol 225
ml hee o A pdet of the Foline Lowry eolor valnes showed o wajor
svunnerrieal peak havivg s £ of 0250 The monnt of d<de-
carhoxmumnido-s=rginine-vasopreszin isolated from the main peak
wWits 53 mg e =207 00 0.5, 1T N AcOT e Whene the analog
wis sihijecied o paper electrophoresis rca pyridine AcOIT bhulter
ipk 5.6 tand to tle on Rilien Ciel € e the npper phase of the <vstem
BuOH-AcOT-HLO ¢4 1050 i traveled axoa =ingle spets Upag
el filiratiow ol the campound on Sephadex G=25 1ic0.2 N AeOl]
i emerged as a0 single peak. For aradysis o sample was dried
D aceo 1002 aver PaO; for 6 hie, and o welght Toss of .79, aas
observed.  Dial, (Cullg NGO G=e - Cull,Oa ¢ 11N
A =smuple was hyvdrolvzed in 6\ HCTat 110° Tor 22 T and 1hien
analyvzed by the method of Spackman, o ol on o Beekmane
Spinvo ambieo aeid analyzer, The tollowing moln ratios of
amino aeids and N1 were obratied, with ithe value ol ghveine
taken a= 1O aspurtie acid 1.0, peoline 1.0, glveine 1.0, -
mminobntyrie acid 1.0, evstie 1.0, 1vresine phaelumnne
1.0, arginine 1,0, and NTI; 2.2,
S-Benzyl-g-mercaptopropionyltyrosylphenylalanyl-«-amino-
butyrylasparaginyl- S - benzylcysteinylprolyl - \¢ - tosylarginylgly-
cinamide.- - .\ -berzvloxyenrhbonyl- O-beraylivrosylphenyvlalanyl-
a-mmirobutyry l.1>1|.1|.1;.|||)lv.5 b iz levsteinylprolyt - N6 - tosyl-
arginyviglveinamide (1.1 @ was suspewded 55wl ol tnoro-
ethanol and 1Br was hnbbled throngh the snspension Tor 1.5 hr.
The solverd was removed i raevo and the residie was dizsolved
i 20 ml of dry MeOll, 111('111)1\ it with 200 1111 ol O, md
washed twice with =mall portores of 16O After being dried
ovey NaOIT the material was dissolved s mlof DN The pll
was adjusted 1o 85 with 1A and 500 mg of p-nivrophienyl-
S-heuzyl-g-mercaptopropionate*! was added.  After 10 davs
roont temperatare the material was precipitated by addition of
A0 ml ol EtOH L0 e 11y collected, and wi l\ll(‘(l twice with 25-ml
portians «f 1O and \\1\11 small portions of 2(OAe noul the
wizhings were free ol p-uitrophienol.  Alter heing dricd over PuO:
Hioracuo the componnd weighed 900 mg: mp l‘i" l‘i4° [ ®
= 33.0% (e L DME & Dol 1CeITaN GO0 O
1-Deam'mo-4-decarboxamido-S-argmme-vasopressin ilaga-

Mercaptopropionic acid,4-x-aminobutyric  Acid!-8-arginine-
vasopressin).- I'lie retnoval ol the protecting groups from the

preceding protected polypeptide el the oxidation of the vesnlting
di=ulthydryl componnd 1o the evelie disnlfide were earvied om
Ly the procednres alvendy deseribed Tor 1the syvathesis of 4=de-
cirboxamido-Semginine-visopressin. - ACter removal ol the Terri
and Terroevanide fons, the agieons =olutios ol the T-denmino-d-
decarboxmnido-S-arginne-vasopressin prepared from 400 mg ol
the protected polypeptide was coneentrated 1o 20ul, equilibrated
with the organie phusc ol the solvens sv=tewn BnOTL pyvidine 0.2
N AcOIT: s and wpplicd toa Sephadex G=25 colum 2170 %
RO ¢y than hadd Deens eguilibiated ol the agneons phase ol
the =vstenn. Ehnion with the organie phase was performed, qoad
5.0-ml fractions were eollecied at a flow rate of 12,5 ml e A
plot ol the Folin Lowry color values {or aliqnots ol selected
fraciions indieated a major peak with amaxinnnn at lracetion dh.
The material i=olaied from fractions 47-60 weighed 145.2 mg.
T'his material wax submitted 1o cliromatography in the solvem
sv=tenr BnOH- Colle paridine-0.2 AcOlL (12012

2.1 The
sinnple was dissolved o 12l ol the organie phase of this sysiemn
aned elromatographed on e 2,88 %38 e colimme with the ecllee-
tion ol S=ml fractions @ o Aow ate of 23 ml he. Plotting ol 1he
olin: Lowry ealor valunes showed a najor penk havivg an £ of
056, From Meiions 4650, 120.9 mg of T-demnino-f=decarhox-
sanidy=S=arginine-vasopressin, having an [e[*¢ . — 100.0° e 005,
PN AcOlD, wies isolmed. When a <inaple of this componnd was
subjected to ('l(-(‘l1‘-(1)11(;1‘(->i.\ and 1le nnder conditions alrendy
deseribed, 0 traveled as o <ingle =pot. 1t also ('111(11;;((1 sl
single peak from a gel t ll\l ation colim, For analysis o sample
wias dried 9 raewo at 100 over PO Tor 6 he and o \\Cl}.,h\ l((\\ ol
T was ohserved, el (Colla NGO ChH O TN
erded, 22000 Toed, W10

Do S paeekywes W T Sceon ol S0 Mawsees Lol Choie,, 30, 3¢
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A sample was hydrolyvzed in 6 ¥ HCI at 110° for 22 hr and then
analyzed in the 50-50° system on a Beckman-Spinco amino acid
analvzer. The following molar ratios of amino acids and NH;
were obtained with the value of glycine taken as 1.0: aspartic
acid 1.0, proline 1.0, glycine 1.0, e-aminobutyric acid 1.0, tyrosine
0.9, phenvlalaiine 1.0, arginine 0.9, and NH; 2.0. In addition,
cystine (0.4) and the mixed disulfide of cysteine and g-mercapto-
prapionic acid (0.6) were present. These two sulfur compounds
account for the half-cystine residue in this analog.?
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A number of analogs of the C-terminal octapeptide of choleeystokinin-pancreozymin (CCK-PZ) were syu-

thesized, using both stepwise and fragment condensation approaches.

Their galibladder-contractile activities

were compared with those of the C-terminal octapeptide of CCK-PZ in vivo and in witro.

Ivy and Oldberg' 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 Raper? 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 Mutt? isolated from the same intesti-
nal tissue a polypeptide that exhibited the properties of
both cholecvstokinin and pancreozymin. Theyv have
referred to it, at least temporarily, as cholecystokinin-
pancreozymin  (CCK-PZ). This  hormone, for
which a partial structure (I) has been proposed,*® is a
polypeptide of 33 amino acid residues?
Lys-(Ala,,Gly,,Proy,Ser; )-Arg-Val-(Ile;, Met,,Ser; )-Lys-Asn-
(Asxy,Glxy,Hisy, Leus, Pro;,Sers )-Arg-Ile-(Asp,,Ser; )-Arg-Asp-
SO:H
((,'rlyl,i\letg,Trpl,’I]‘)r'rl)-Asp-Phe-NHz
1

The sequence of the amino acids of the C-terminal
octapeptide of I is as follows 8

SO:H
Asp-Tyr-Met-Gly-Trp-Met-Asp-Phe-N H,
TR § 1 8
II

This octapeptide II possesses the biological activities
of the full hormonal molecule® and showed $-10 times
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the gallbladder-coutracting activity of CCK-PZ in vivo
and in vitro.1?

The C-terminal pentapeptide of 1 is structurally
identical with both the C-terminal pentapeptide of
gastrin,!' a hormone that controls secretion of gastric
acid, and with the C-terminal pentapeptide of caeru-
lein,'? a decapeptide isolated from the skin of an am-
phibian, Hyla caerulea.

The remarkable biological properties of II prompted
us to study the importance of various structural fea-
tures of the molecule, namely: (a) N-terminal amino
group, (b) aspartic acid residues in positions 1 and 7,
(¢) methionine residues in positions 3 and 6, and (d)
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
residue (analogs 6 and 7), and (2) fragment condensa-
tion (1, 2, 3, 4, 5, 8). In the stepwise approach,
two types of active esters, 2,4,5-trichlorophenyl'?
ester and p-uitrophenyl ester,'* 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 HSO, in the prepara-
tion of 6 and 7, and with pyridine-SQ; complex!'®:'® in
that of the other analogs. Sulfation with H,SO; was

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