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[2,4-Diisoleucine]-oxytocin has been synthesized from the requisite protected nonapeptide intermediate which

was prepared by the stepwise p-nitropheny! ester method.

In this analog of oxytocin, isoleucine residues replace

the tyrosine and glutamine residues at the 2 and 4 positions of the hormone, and thus the isoleucine residue oc-
curs successively at positions 2, 3, and 4. This compound possesses a very low level of avian vasodepressor, oxy-

tocie, and pressor activities, and no antidiuretic activity.

natriuretic activity and a mild diuretic effect.

A recent communication? reported that the replace-
ment of the tyrosine residue at position 2 of oxytocin
(Figure 1) by an isoleucine residue afforded an analog
([2-isoleucine]-oxytocin) that exhibited much higher
levels of oxyvtocic, avian vasodepressor, and milk-
ejecting activities than did [2-leucine]-oxytocin.®* It
was also found that [2-valine]-oxytocin® is somewhat
more potent in these activities than [2-leucine]-oxy-
tocin, though considerably less active than [2-iso-
leucine]-oxtyvocin., [2-Glyeine]-oxytocin possesses neg-
ligible oxytocic and avian vasodepressor activities.?

In studies involving replacement of the glutamine
residue at position 4 of oxytocin by a variety of ali-
phatic amino acids including isoleucine® alanine,’
valine,® «-aminobutyric acid,® and leucine,’ analogs
were obtained that possessed varying degrees of avian
vasodepressor, oxyvtocie, and milk-ejecting activities
depending on the nature of the aliphatic side chain.
[4-Valine]-oxytocin was found to be the most active,
and [4-isoleucinel]-oxytocin was found to be more
potent than [4-leucine]-oxytocin in these activities.
[4-Glyeine ]-oxytocin® had also been synthesized and
was found to possess very low avian vasodepressor,
oxytocic, and milk-ejecting activities and no pressor
and antidiuretic activities. All of the analogs con-
taining aliphatic side chains at position 4 possessed
small or negligible antidiuretic and pressor activities.
[4-Leucinel]-oxyvtocin possesses considerable diuretic
and natriuretic effects, as well as anti-ADH activity 810

The aforementioned results led us to prepare [2,4-
diisoleucine]-oxytoein, in which the tyrosine residue
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However, {2,4-diisoleucine]-oxytocin has a pronounced

at position 2 and the glutamine at position 4 are both
formally replaced by isoleucine. This highly lipophilic
analog contains isoleucine residues at the 2, 3, and 4
positions of oxytoein, since in the natural hormone
the residue at position 3 is that of isoleucine.

For the synthesis of [2,4-diisoleucine]-oxytocin
the protected heptapeptide, N-benzyloxycarbonyl-
isoleucylisoleucylasparaginy] - S - benzyleysteinylprolyl-
leucylglycinamide, used in the synthesis of [4-iso-
leucine-oxytocin,® served as starting material. Fol-
lowing removal of the N-benzyloxycarbonyl group
with HBr in AcOH and neutralization of the hepta-
peptide salt, the next residue, isoleucine, was added
as p-nitrophenyl N-benzvloxycarbonylisoleucinate.!!
The entire procedure was repeated and the free octa-
peptide was treated with p-nitrophenyl N-benzyloxy-
carbonyl-S-benzyleysteinate!! to give the desired pro-
tected  nonapeptide,  N-benzvloxycarbonyl-S-ben-
zyleysteinyvlisoleucylisoleucylisoleucylasparaginyl-S-
benzyleysteinylprolylleucylglveinamide.  The nona-
peptide was treated with Na in liquid NH;!'2 to cleave
the benzyloxycarbonyl and S-benzyl protecting groups,
and the resulting disulfhyvdryl compound was oxidized
in aqueous solution with IN;Fe(CN)e.!* The analog
was purified as deseribed in the Experimental Section
by partition chromatography on Sephadex G-25¢ in
two different solvent systems and by gel filtration'
on Sephadex G-25.

The [24-diisoleucine]-oxytocin was assayed for
avian vasodepressor,’® oxytocie,’ pressor,® and anti-
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Figure 1-—3tructure of oxytocin, with mumbers indicting
the position of the individual amina acid residues.

diuretie!® activitiex against the USP Posterior Pituitary
Refereuce Standard. Because of the low order of
activities of the analog, it was difficult to carry out «
precige ussay. Thus only rough estimates of activities
were obtainted.  The analog was found to possess about
3 units/mg of avian vasodepressor activity, negligible
oxvtocic activity (~0.5 unit/mg) and pressor activity
(~0.05 unit‘mg), and ue detectable antidiuretic ae-
tivity.  However, [24-diisoleucine]-oxytoebr  was
found to have marked natriuretic and diuretie activitios
i rats uttder experintentally induced water diuresis,

The renal effects of [2/4-dilsoleucine]-oxytocin are
of particular interest. [t appears that i this analoy
the natriuretic activity ix enhanced to sueli an extent
that the antidiuretic activity characteristic of the
parent compound is either masked or absent. Oxyto-
cin itself eanl cause natriuresis in rats,® but it ix also
an active antidiuretic ngent. On the other hand,
[4-leucine oxytoein 1 2 potent natriuretic-diuretic
agent.” 1 The remal effects of [2 4-diizoleucine Jroxyto-
cin, however, differ from that of [4-leucine J-oxytoein
both quantitatively and qualitatively.  On a weight
basis, [24-dilzoleucine -oxytocein i= less potent tian
[4-leucine J-oxytoein in promoting uripary Np~  ex-
cretion, D orats under water diuresis, the average
dose for « 50% to 1009 Inerease in Na* exeretion
was 0.7 w100 g oiv for [24-diisoleueine -oxytoein
and 0.5 ug/100 ¢ iv for |4-leucive]-oxyvtocin.  The
diuretic respouse to [2,4-ditsuleucine Foxytocih  wis
niild and could be wccounted for by the natriuretic
activity,  The diuretie respovse to [4-leucine]-oxyta-
et was marked and resulted in part from the anti-
ADH scetivity n= well as from the natriuretic activity
possessed by this analop.'™

The nntriuretic effects of [2,4-ditsoleueine [-oxytocin
and  d-leucine Jroxytocin e direet  renal  effeets.
Netther jonrdoy has war effeecr on the systemie blood
pressure or the renal glomerular filtration rate, at the
dose level emploved in these experiments.  Further-
more, the renal effects of {2 4-diisoleucine J-oxytoein
sund [4-leucine ~oxytoein sugpest that the natriuretic and
wntidiuretic actions of oxyvtocin and vasopressin involve
two different receptor mechanisms and that each pos-
sessex a fadr degree of strueturnd specificity.

U1 Assavs for anddiuretic activity were performed on anestlietized male
rats actartling 1o the methoed of W, A, Jeffers, M. M. Livezev, anil J. 1. Aus-
cin, Froc. Soe. Exptl. Biol. Med., 50, 184 (1942) as wodified by W. H. Sawyver.
Irdecrinology, 83, 604 {1948),
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pooled and lyophilized to give 45.75 mg of [2,4-diisoleucine]-
oxytocin as a white powder, [a]®Dp —33.7° (¢ 0.47, 1 N AcOH).
Anal. (C4LH72N11010S2> C, H, N.

The sample was hydrolyzed for 90 hr in 6 N HCI at 110° and
analyzed on a Beckman/Spinco amino acid analyzer according
to the method of Spackman, Stein, and Moore.2* The molar
ratios obtained with glycine taken as 1.0 were: aspartic acid,
1.0; proline, 1.1; glycine, 1.0; cystine, 0.95; isoleucine, 3.0;
leucine, 1.0; and NH;, 2.0. Prolonged hydrolysis was necessi-

(24) D. H. Spackman, W, H. Stein, and S. Moore, Anal. Chem., 80, 1190
(1938).
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tated by the difficulty in the hydrolysis of an isoleucyl-isoleucine
peptide bond.2.6.25
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To develop general methods for niodifying the 4-position, various blocking groups have been introduced into the

of- and 3-O-positions of pyridoxol.
pyridoxol with a 3-C side chain in the 4-position.

Starting with 3,a%-0-dibenzylpyridoxol, we have synthesized a homolog of
a’-Methylpyridoxol has also been synthesized. The method
appears to be of considerable promise for introdueing various modifications into the 4-position.
however, certain deblocking procedures give anomalous results.

In some cases,
Thus deblocking of 3,a’-dibenzyl-a*-phenyl-

pyridoxol with HCl gives a cyclic derivative, whereas hydrogenolysis gives a*phenyl-4-deoxypyridoxol.

Pyridoxol analogs obtained by modification of the
4-position (I, R = CH,OH) have been of considerable

R

HO.__ CH,0H

N

CHy N
I

interest i enzymatic and pharmacological studies. 4-
Deoxypyridoxol (4-DOP; I, R = CH;) is a potent
antagonist of vitamin Bg in a number of systems, and
its antitumor effects have been studied extensively.2P
a*0-Methylpyridoxol (“4-methoxypyridoxol”; I R =
CH,OCH;) was also found to be a potent antagonist
of vitamin Bs in some mammalian systems,® but in
some tissues was subject to demethylation.* Replace-
ment of the 4-methyl H's in 4-DOP with ¥ (I, R =
CI) renders the compound less active in various sys-
tems,” and replacement of the entire 4-side chain
with H (I, R = H)® or with OH’ considerably reduces
inhibitory potency (test organism: Saccharomyces
carlsbergensis). On the other hand, replacement of
the aldehydic oxygen of pyridoxal with bulky nitrog-
enous groups, such as hydroximino, azino, and various
hydrazone groups (I, R = CH==NHXNHR), makes
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Severin, and Yu. M. Torchinsky, Ed., “Pyridoxal Catalysis: Enzymes and
Model Systems,'" Interscience, New York, N. Y., 1968, p 615; Abstracts of
the 130th National Meeting of the American Chemical Society, Atlantic
City, N. J., Sept 1965, p 9P.
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Chkem. Soc., 89, 2574 (1947).

(T) W. Korytnyk and B. Paul, J. Heterocycl. Chem., 2. 144:(1965).

them powerful inhibitors of pyridoxal phosphokinase
in vitro.’* Compounds of this tyvpe have also been
found to be of some biological interest as inhibitors of
human neoplastic cells in vitro® and retarders of S-180
tumor growth.®

Some pyridoxol analogs that have the 5-CH,OH
unchanged, such as in I, have been found to be sus-
ceptible to phosphorylation catalyzed by pyridoxal
phosphokinase,® and the phosphorylated analogs are
capable of effective competition with the cofactor pyr-
idoxal phosphate for the same site on the apoenzyme.?®

In this study we have developed methods for the
selective modification of the 4-position. A suitable
intermediate was required which would parallel the
general utility of «*3-O-isopropylidenepyridoxol (II)
for modifying the 5-CH;OH group.’® Pyridoxal (I,
R = CHO) or pyridoxic acid (I, R = CO;H) could
not be used because of the tendency of these com-
pounds to form a hemiacetal or a lactone, respectively.!!
Thus at least the a*OH of pyridoxol had to be blocked.!?
A suitable blocking group was benzyl, which was in-
troduced by either one of the methods outlined in
Scheme I to give &5-O-benzylpyridoxol (V).

It was also desirable to block the phenolic OH in V
with a suitable blocking group in order to prevent it
from interfering with the substitution reactions and to
make the intermediate soluble in organic solvents.
Benzylation of the phenolic OH of 5-O-benzylpyridoxol
was readily accomplished with dimethylphenylben-
zylammonium hydroxide (‘‘leucotrope’),*®* which re-

) (@ D. B. McCormick and E. E. Snell, J. Biol. Chem., 336, 2085
(1981); (b) J. Hurwitz, ibid., 217, 513 (1955).
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R. H. Wiley and G. Irick, J. Med. Pharm. Chem., 5, 49 (1962).
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(11) H. Ahrens and W. Korytnyk, J. Heterocycl. Chem., 4, 625 (1967).

(12) R. P, Singh and W. Korytnyk |J. Med. Chem., 8, 116 (1965)| have
been using benzoyl groups for selective blockage of the as-hydroxyl group.
This approach had serious limitations because of the instability of the group
and other factors.
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