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[2,4-Diisoleucine]-oxytocin has been synthesized from the requisite protected nonapeptide intermediate which 
was prepared by the stepwise p-nitrophenyl 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
tocic, and pressor activities, and no antidiuretic activity. However, [2,4-diisoleucine]-oxytocin has a pronounced 
natriuretic activity and a mild diuretic effect. 

A recent communication2 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 oxytocic, avian vasodepressor, and milk-
ejecting activities than did [2-leucine]-oxytocin.8,4 I t 
was also found that [2-valine]-oxytocin4 is somewhat 
more potent in these activities than [2-leucine]-oxy-
tocin, though considerably less active than [2-iso-
leucine]-oxtyocin. [2-Glycine]-oxytocin possesses neg
ligible oxytocic and avian vasodepressor activities.6 

In studies involving replacement of the glutamine 
residue at position 4 of oxytocin by a variety of ali
phatic amino acids including isoleucine,6 alanine,7 

valine,8 a-aminobutyric acid,9 and leucine,6 analogs 
were obtained that possessed varying degrees of avian 
vasodepressor, oxytocic, 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-isoleucine]-oxytocin was found to be more 
potent than [4-leucine]-oxytocin in these activities. 
[4-Glycine]-oxytocin5 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-Leucine]-oxytocin possesses considerable diuretic 
and natriuretic effects, as well as anti-ADH activity.6'10 

The aforementioned results led us to prepare [2,4-
diisoleucine]-oxytocin, in which the tyrosine residue 
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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 oxytocin, 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, V-benzyloxycarbonyl-
isoleucylisoleucylasparaginy] - S -benzylcysteinylprolyl-
leucylglycinamide, used in the synthesis of [4-iso-
leucine]-oxytocin,6 served as starting material. Fol
lowing removal of the A-benzyloxycarbonyl group 
with HBr in AcOH and neutralization of the hepta
peptide salt, the next residue, isoleucine, was added 
as p-nitrophenyl Ar-benzyloxycarbonylisoleucinate.u 

The entire procedure was repeated and the free octa-
peptide was treated with p-nitrophenyl iV-benzyloxy-
carbonyl-S-benzylcysteinate11 to give the desired pro
tected nonapeptide, iV-benzyloxycarbonyl-S-ben-
zylcysteinylisoleucylisoleucylisoleucylasparaginyl-S-
benzylcysteinylprolylleucylglycinamide. The nona
peptide was treated with Xa in liquid NH3

12 to cleave 
the benzyloxycarbonyl and »S-benzyl protecting groups, 
and the resulting disulfhydryl compound was oxidized 
in aqueous solution with K3Fe(CX)6.13 The analog 
was purified as described in the Experimental Section 
by partition chromatography on Sephadex G-2514 in 
two different solvent systems and by gel filtration15 

on Sephadex G-25. 

The [2,4-diisoleucine]-oxytocin was assayed for 
avian vasodepressor,16 oxytocic,17 pressor,18 and anti-
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in "The Pharmacopeia of the United States of America," 17th rev, Mack 
Publishing Co., Easton, Pa., 1965, p 749. 
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Figure 1 .—Struc ture of oxy toc in , wi th n u m b e r s ind ica t ing 
t h e pos i t ion of the ind iv idua l amino acid res idues . 

diuretic19 activities against the USP Posterior Pitui tary 
Reference Standard. Because of the low order of 
activities of the analog, it was difficult to curry out a 
precise assay. Thus only rough estimates of activities 
were obtained. The analog was found to possess about 
:•> uni ts /mg of avian vasodepressor activity, negligible 
oxytocic activity (M).."> unit, mg) and pressor activity 
(~0.0o uni t /mg) , and no detectable antidiuretic ac
tivity. However, [2,-t-diisoleueine]-oxytoein was 
found to have marked natriuretic and diuretic activities 
in rats under experimentally induced water diuresis. 

The renal effects of [2,4-diisoleucine]-oxytoein are 
of particular interest. It appears that in this analog 
the natriuretic activity is enhanced to such an extent 
that the antidiuretic activity characteristic of the 
parent compound is either masked or absent. Oxyto
cin itself can cause natriuresis in rats,-" but it is also 
an active antidiuretic agent. On the other hand, 
[4-leueinel-oxytocin is a potent natriuretic-diuretic 
agent.61" The renal effects of [2,4-diisoleucine]-oxyto-
cin, however, differ from that of [4-leucine]-oxytoein 
both quanti tat ively and qualitatively. On. a weight 
basis, |2,4-diisoleucine]-oxytocin is less potent than 
l4-leucine]-oxytocin in promoting urinary X ; r ex
cretion. In rats under water diuresis, the average 
(lose for a .")0^c to 100c

( increase in X a " excretion 
was 0.7 MS 100 g iv for [2,4-diisoleucineJ-oxytocin 
and 0.5 /ag/100 g iv for |4-leucine]-oxytocin. The 
diuretic response to |2,4-diisoleucine|-oxytocin was 
mild and could be accounted for by the natriuretic 
activity. The diuretic response to |4-leucine]-oxyto-
cin was marked and resulted in part from the anti-
ADH activity as well, as from the natriuretic activity 
possessed by this analog.1 ' 

The natriuretic effects of [2,4-diisoleucine]-oxytocin 
and |4-leuciiie]-oxytocin are direct renal effects. 
Neither analog has an effect on the systemic blood 
pressure or the renal glomerular filtration rate, at the 
dose level employed in these experiments. Further
more, the renal effects of [2,4-diisolcucineJ-oxytocin 
and [4-leucine]-oxytocin suggest that the natriuretic and 
antidiuretic actions of oxytocin and vasopressin involve 
two different receptor mechanisms and tha t each pos
sesses a fair degree of structural specificity. 

i, 1U) Assays fur an t id iu re t i c ac t iv i ty were performed on anes the t i zed male 
ra ts accord ing to t he m e t h o d of W. A. JefTers, M . M . Livezey, and J. H. Aus
tin, J'ror. Soc. Exptl. Biol. Med., SO, 184 (1942) as modified by W. H. Sawyer . 
Erulocri),.olotni,&3, 694 (1958). 

:20) W. V. C h a n . Odd.. 77, 1()97( 196-1... 

Experimental Section21 

A -Benzyloxycarbonylisoleucylisoleucylisoleucylasparaginyl- ,S-
benzylcysteinylprolylleucylglycinamide. A so lut ion of 1.20 g 
: 1.25 mmol i of .V-benzy loxycarbonyl i sn leucyhsu leuey laspara -
ginyl-.S-bcMizylcysieiiiylprolvlletioylglycinamide" in 12 ml of 
a n h y d r o u s AcOH was - l u r e d with 1.1 nil of 5.4 A' 11 Br in glacial 
AcOH for 1 hi' a t loom t e m p e r a t u r e . A n h y d r o u s El - t ) i toll ml 
was added , and (lie colorless p rec ip i t a t e was t i l lered off, washed 
:Et-.Oi, and dissolved in I 75 ml of M e O I I . Th i s solut ion was 
poured th rough a column of Rex \ i i |{( i l (Oi l eyelet (12 g i fol
lowed by two (ill-nil poriioiis of M e O I I . T h e combined M'eOH 
so lu t ion- were e v a p o r a t e d to d ryness in uirno. T h e free; l iepla-
pep i ide so ob t a ined was di - -olved in IS ml of D.MF. T h e n 0.50 
g (1,2o inniol of i>-w\\ rophenyl A-benzyloxycarboi iy l i so leuc in-
aie 1 1 was added , and the mix tu re was - l i r red tor IS hr at m o m 
Ic inpera iuro , T h e product was t r i t u r a t e d with lot) ml of HP ).\c. 
cooled, filtered oil', and wa-hed with 50 nil of E t O A c and two 51 >-
ml por t ion- of E t O I I . It was then dissolved in boil ing XV, 
E t O H , prec ip i ta ted by m o l i n g to —2(1°, filtered off. washed with 
two 50-ml por t ions of E t O A c , a n d dried in rttcuo to give 1.15 g ,,f 
whi le powder , m p 270 2M ° dec, Ur!1,;t) - 0 2 . 2 ° ''<• 0.5. \ c ( ) | | . . 
Anril. .('.-.jIKuNi.jOnS.iC, II, N. 

A -Benzyloxycarbonyl- .S-benzylcysteinylisoleucylisoleucyl-
isoleucylasparaginyl- ,S'-benzy!cysteinylprolyl leucylglycinamide. 

A solut ion of 0.4f> g it). 1 mmol ) of the p reced ing p ro tec t ed ocla-
pep t ide in 12 ml of a n h y d r o u s AcOH was s t i r red wi th 12 ml of 
5.4 A" H B r in AcOH for 1 lit tit room t e m p e r a ! tire. T h e n 125 
ml of a n h y d r o u s Et -O was added , and ihe p rec ip i t a t e was filtered 
off and washed with three 75-ml por t ions of Et-.O. T h e powder 
1(1.47 g ; wa- dried in nwm> and dissolved in 15 ml of 1 ) M F . T h e 
p l l was ad jus ted to ti.n with H t t X , and 0.20 g (0.4 m m o l ; of j>-
nit l 'ophenyl \ - l ienzyloxycarboiivl-jS'-benzylcyst.einate1 1 was 
a d d e d wi th s t i r r ing. At'ter the m i x t u r e was s t i r red for 24 hr. the 
- lu r ry was t r i t u r a t e d with 100 ml of E t O A c and cooled. T h e 
p rec ip i t a t e was filtered off and washed wi th two 25-nil por t ions 
of E t O A c , 25 ml of E t O H , two 25-ml por t ions of .>()<',' aqueous 
H t O H , 25 ml of E t O U , and 25 ml of E t O A c . T h e p r o d u c t was 
dried in rucno to give 0.42 g of whi te powder , in]) 271 -27-!c di'c, 
j o j - a i - S O . 2° 0/0 .5 A e O I I u An.il. i C u H m X n O ^ S , i ( ' , II . N . 

j2 ,4-Diisoleucine| -oxytocin. A -o lu t ion of 252 mg (0.2 mm 4 > 
of the preced ing pro tec ted n o n a p e p t i d e in 175 ml of boiling, 
freshly disti l led XII,, u a - t r ea t ed with Xa unti l a blue colorat ion 
pers is ted for I nun. T h e XII,! was removed by dist i l lat ion and 
l.vophilizatiou and the residue was dissolved in 500 ml of de-
ae ra ted H,.<> conta in ing 0.5 ml of F A T ' O . I I . T h e p l l of the 
solut ion was adj t t - ted to s.2 wi th d i lu te X H 4 O I l and F A ' C O . H , 
and 35.0 ml of 0.0! .V K J O ' t C X ;-; was added . After the mix tu re 
wa- s t i r red for 15 iniu. no SH was de lec ted (E l lman d e t e r m i n a 
t i o n ' . - T h e p l l was ad.ju-ied to ti.N wi th d i lu te F,('('(>-.H 
and the excess ferr icyanide and f e n o c v a n i d e ion- were removed 
by t r ea tmen t with ion-exchange resin A 0 4 - X 4 11 l in in . roareUite 
cycle: . T h e mix! ure was s t i r red for 20 mill, t he resin wa- filleted 
off. and the .solution wa- lyophili/ .ed. T h e powder wa- di-so!vod 

in IS.s ml of I lie uppet phase of the solvent sys tem :>.5' , aiptt -
AcOH [conta in ing 1.5'," pyr id ine) L-BuOH-Cdl,- . i . 5 : 4 : l i . and 
placed on a 2 .s X li.Vun column of Sephadex (1-25 M00 200 
mesti i that had been eou i l ib ra ted with bo th lower and upper 
phases- according to the m e t h o d of Y a i n a s h i r n . ' ' E igh t \ '.CO-m! 
fractions were collected and the fractious cor responding to the 
major peak /.'; 0 .07 ' as d e t e r m i n e d by ])lolliug of ihe Foliu 
I . o w n color v a l u e s 2 ' were pooled. T h e n 250 ml of gltis—di-t illed 
I F O was added , and the mix tu re was c o n c e n t r a t e d to .40 nil 
m iunit) and lyoplulized. T h e resul t ing powder ,70.1 nig- u r l -
again sub jec ted in p a r l u i o n c h r o m a t o g r a p h y on Sephadex (1-25 
using tile solvent .-y.-lem 4.5 ' , anueous AcOH (containing' 1.5' , 
pyridine:- 1-BuOII 0,-,1'F ( 7 : 5 : 2 ) , and 01.7 mg of jn'oduct wa-
isolated from t lie major peak (It, 0.5(>j. Th i s powder was dis
solved in 1.5 ml of 0.2 V AcOH and placed on a 2..S X (i.5-em 
column of Sephadex ('.-25 '200 270 mesh) in 0.2 A' AcOH for gel 
f i l t ra t ion. 1 ' E igh ty O.s-ml fractions were collected, and the 
fract ions cor responding to the major peak ( tubes 49-50 i as 
de t e rmined by p lo t t ing of the Fo l in - l . owry color values were 

21 I Capil lary mel t ing points were de te rmined ami a re correc ted . W t.ere 
analyses are indicated only t y s\ mhols of lire e lements , analyt ical resu l l -o l • 
ta ined for t he e lements were within .— 0.4',,' of ttie theure t ica! values 

•"22j CI. L. Kl lmam .l;v/.. Bvirhem. Bio,ih,i~..S2, 70 (lUall). 
2S) 0 . II, l .owry, N. .1. HosehrouB l i . \ I., t 'arr , ut.d Ii -I. Handal l . 

• I. Biil.ri.fn, , 193, 2ti:, - lti.1l 

An.il
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March 1970 PYRIDOXOL ANALOGS 187 

pooled and lyophilized to give 45.75 mg of [2,4-diisoleucine]-
oxytocin as a white powder, [a]25D —35.7° (c 0.47, 1 N AcOH). 
Anal. (CUHTHNHOIOSJ) C, H, X. 

The sample was hydrolyzed for 90 hr in 6 JV HC1 at 110° and 
analyzed on a Beckman/Spinco amino acid analyzer according 
to the method of Spackman, Stein, and Moore.24 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 XH3, 2.0. Prolonged hydrolysis was necessi-

(24) D. H. Spackman, W. H. Stein, and S. Moore, Anal. Chem., 30, 1190 
(1958). 

Pyridoxol analogs obtained by modification of the 
4-position (I, R = CH2OH) have been of considerable 

R 

I 

interest in enzymatic and pharmacological studies. 4-
Deoxypyridoxol (4-DOP; I, R = CH3) is a potent 
antagonist of vitamin B6 in a number of systems, and 
its antitumor effects have been studied extensively.213 

a4-0-Methvlpyridoxol ("4-methoxypyridoxol"; I, R = 
CH2OCH3) was also found to be a potent antagonist 
of vitamin B6 in some mammalian systems,3 but in 
some tissues was subject to demethylation.4 Replace
ment of the 4-methyl H's in 4-DOP with F (I, R = 
CF3) renders the compound less active in various sys
tems,5 and replacement of the entire 4-side chain 
with H (I, R = H)6 or with OH7 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=NHXHR), makes 

(1) (a) Pyridoxine Chemistry. XXII. Preceding paper in this series: 
H. Ahrens and W. Korytnyk, Anal. Biochem., 30, 413 (1969). (b) Brief 
reports of this study have appeared: E. E. Snell, A. E. Braunstein, E. S. 
Severin, and Yu. M. Torchinsky, Ed., "Pyridoxal Catalysis: Enzymes and 
Model Systems," Interscience, New York, N. Y., 1968, p 615; Abstracts of 
the 150th National Meeting of the American Chemical Society, Atlantic 
City, N. J., Sept 1965, p 9P. 

(2) (a) E. E. Snell, Vitamins Hormones, 16, 77 (1958); (b) F. Rosen, 
E. Mihich, and C. A. Nichol, ibid., 22, 609 (1964). 

(3) W. H. Ott, Proc. Soc. Exptl. Biol. Med., 66, 215 (1967); D. A. Karnof-
sky, C. C. Stock, L. P. Ridgway, and P. A. Patterson, J. Biol. Chem., 182, 
471 (1950). 

(4) C. C. Porter, I. Clark, and R. H. Silber, ibid., 167, 573 (1947). 
(5) J. L. Green, Jr., and J. A. Montgomery, / . Med. Chem., 6, 294 (1963). 
(6) L. A. Perez-Medina, R. P. Mariella, and S. M. McElvain, J. Amer. 

Chem. Soc, 69, 2574 (1947). 
(7) W. Korytnyk and B. Paul, / . Heterocycl. Chem., 2, 144,(1965). 

tated by the difficulty in the hydrolysis of an isoleucyl-isoleucine 
peptide bond.26'25 

Acknowledgments.—The authors wish to thank Mr. 
H, L. Aanning for the preparation of ./V-benzyloxy-
carbonylisoleucylasparaginyl -S- benzylcysteinylprolyl-
leucylglycinamide, Mr. Joseph Albert for the elemental 
analyses, and Mr. Roger Sebbane for the amino acid 
analysis. 

(25) S. Moore and W. H. Stein, Methods Bnzumol., 6, 819 (1963). 

them powerful inhibitors of pyridoxal phosphokinase 
in vitro.%& Compounds of this type have also been 
found to be of some biological interest as inhibitors of 
human neoplastic cells in vitro9* and retarders of S-180 
tumor growth.9b 

Some pyridoxol analogs that have the 5-CH2OH 
unchanged, such as in I, have been found to be sus
ceptible to phosphorylation catalyzed by pyridoxal 
phosphokinase,8 and the phosphorylated analogs are 
capable of effective competition with the cofactor pyr
idoxal phosphate for the same site on the apoenzyme.2a 

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 a4,3-0-isopropylidenepyridoxol (II) 
for modifving the 5-CH2OH group.10 Pyridoxal (I, 
R = CHO) or pyridoxic acid (I, R = C02H) could 
not be used because of the tendency of these com
pounds to form a hemiacetal or a lactone, respectively.11 

Thus at least the a*-OH of pyridoxol had to be blocked.12 

A suitable blocking group was benzyl, which was in
troduced by either one of the methods outlined in 
Scheme I to give a5-0-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"),13 which re-

(8) (a) D. B. McCormick and E. E. Snell, / . Biol. Chem., 236, 2085 
(1961); (b) J. Hurwitz, ibid., 217, 513 (1955). 

(9) (a) E. Testa, A. Bonati, and G. Paganl, Chimia, 15, 314 (1961); (b) 
R. H. Wiley and G. Irick, J. Med. Pharm. Chem., 8, 49 (1962). 

(10) W. Korytnyk, ibid., 8, 112 (1965). 
(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 a5_hydroxyl group. 
This approach had serious limitations because of the instability of the group 
and other factors. 

(13) H. M. Wuest, J. A. Bigot, Th. J. d;Bje.-, and J. P. Wibaut, Koninkl. 
Ned. Akad. Wetenschap. Proc, Ser. B, 61, 150 (1958). 
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To develop general methods for modifying the 4-position, various blocking groups have been introduced into the 
a6- and 3-O-positions of pyridoxol. Starting with 3,a6-0-dibenzylpyridoxol, we have synthesized ahomolog of 
pyridoxol with a 3-C side chain in the 4-position. a4-Methylpyridoxol has also been synthesized. The method 
appears to be of considerable promise for introducing various modifications into the 4-position. In some cases, 
however, certain deblocking procedures give anomalous results. Thus deblocking of 3,a5-dibenzyl-a4-phenyl-
pyridoxol with HC1 gives a cyclic derivative, whereas hydrogenolysis gives a4-phenyl-4-deoxypyridoxol. 


