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Diethyl Azodicarboxylate Oxidation of Some Carcinogenic Arylhydroxylamines to Nitroso Deriva-

tives

It has been demonstrated that 2-nitrosonaphthalene!-3,
1-nitrosonaphthalene* and 4-nitrosobiphenyl® are urinary
metabolites of the corresponding arylamines in the dog.
2-Naphthylamine and 4-aminobiphenyl are both power-
ful bladder carcinogens in man and the dog whereas
l-naphthylamine is presumably non-carcinogenic in these
species.

In order to study the carcinogenicity of these nitroso
compounds in several species, a rapid and efficient method
of their synthesis was sought. Existing methods are quite
tedious and result in-low yields.

TavrLor and YoNEDAS® reported the oxidation of N-phe-
nylhydroxylamine to nitrosobenzene in 899, yield with
diethyl azodicarboxylate. Extending this observation, we
wish to report the rapid and efficacious oxidation of
N, 1- and N, 2-naphthylhydroxylamine and N, 4-biphenyl-
hydroxylamine to their corresponding nitroso derivatives
in high yield with this reagent.

To a stirred ether solution of N,1- or N, 2-naphthyl-
hydroxylamine™® cooled to 0°C is added dropwise an
ether solution containing one equivalent of freshly distilled
diethyl azodicarboxylate (Aldrich). The reactions were
followed by thin layer chromatography on silica gel G
with petroleum ether (40-60°), acetone (4:1) and the
nitroso compounds detected with 5%, aqueous trisodinm
acetacyanoamino ferrate. After completion (under 1h),
the precipitate of diethyl hydrazodicarboxylate is re-
moved by filtration, the ether removed in vacuo, and a
benzene solution of the residue applied to a silica gel
column and developed with n-hexane-benzene (7:1)3.
The bright emerald green band. of nitroso compound was
collected, the solvent removed in vacuo to yield light
yellow-green crystals in 90-959%, depending on the purity
of the naphthylhydroxylamines. The 1- and 2-nitro-
sonaphthalenes? 37 were identical to those prepared by
the KMnO, oxidation of the ammonium salts of the

corresponding N-nitrosonaphthylhydroxylamines (mixed
mp, IR- and UV-spectra and Rf values).

Using chloroform as a solvent, 4-nitrosobiphenyl mp
73-74 (lit.* mp 73-74) was prepared from N, 4-biphenyl-
hydroxylamine!® in 90-929, yields.

Zusammenfassung. Eine schnelle und wirksame Me-
thode fiir die Oxydation von N,1- und N, 2-Naphthyl-
hydroxylamin und N, 4-Biphenylhydroxylamin wird be-
schrieben, bei der diese Hydroxylamine durch Diethyl-
azodicarboxylat zu den entsprechenden Nitrosoderivaten,
in hoher Ausbeute umgewandelt werden.
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[4-Proline, 8-Isoleucine]-Oxytocin and [4-Leucine, 8-Isoleucine]-Oxytocin, Possible Intermediates
in the Evolutionary Series of Neurohypophysial Hormones: Synthesis and Some Pharmacological

Properties

The biogenesis of the neurohypophysial hormones
appears to involve at one stage the standard ribosomal
mechanism of protein synthesis!. It is therefore not sur-
prising that most of the structural differences between
the homologous hormones of this group involve amino-
acid replacements which can be accounted for by single
base changes in the appropriate codons*3. The single
exception to this rule is the occurrence, in sequence
position 4, of either glutamine (oxytocin, the vasopres-
sins, vasotocin, mesotocin) or serine (isotocin, glumitocin).
None of the known codons for glutamine on the one hand
and for seriné on the other can be interrelated by single
base changes. This snggests the occurrence, as an evolu-
tionary intermediate, of a peptide with an amino acid
in position 4 which can be related to both glutamine and
serine by single base changes. Proline meets this condition
(Table I) but substitution of this imino acid for an amino
acid (serine or glutamine) in the already conformationally
constrained cyclic portion of the molecule would be
expected to cause profound changes in the topochemistry
of the molecule and hence probably loss of biological

activity; such a mutant molecule would be unlikely to
survive long enough to undergo further evolution.

Alternative links between the 4-serine and 4-glutamine
series through a simgle intermediate peptide could be
formulated by postulating fkree successive single base
changes, one of these changes relating 2 codons for the
same intermediate amino acid. Leucine and arginine
meet these requirements (Table I) and of these 2 the
neutral leucine seems the most likely in terms of the
‘conservative’ character of the change.

To facilitate the search for possible evolutionary inter-
mediates in lower vertebrates we have synthetised the
2 peptides regarded as the most likely candidates,
[4-proline, 8-isoleucine]-oxytocin (Ia) and [4-leucine,
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8-isoleucine]-oxytocin? (Ib) and studied their physical
and pharmacological properties. The 8-isoleucine series
was chosen because in this series alone both the 4-serine
and the 4-glutamine derivatives (Ic and Id, respectively)
are known. After completion of our syntheses (cf. %)
the preparation of [4-leucine]-oxytocin was reported® in
a different context; [4-prolinel-oxytocin has also been
prepared recently”.

The key intermediate® IV [mp 232-234°; lit. 233-235°
(ref. ®) or 212° (ref. 1%)] was prepared by condensation
of prolyl-isoleucyl-glycine amide ITI (mp 168-171°, [«]p
—67.8° (AcOH); lit.}* mp 118°, [a]p —63 4 1° (AcOH)),
obtained by a novel route!?, with benzyloxy carbonyl-
asparaginyl-S-benzylcysteine  5-chloro-8-hydroxyquino-
line ester Il (mp 199-200°, [«]p — 46.6°), prepared in
turn from benzyloxycarbonylasparagine and S-benzyl-

Table I. Some possible evolutionary transitions between glutamine
and serine

By 2 mutations?? By 3 mutations, one ‘silent’

CAA{G) CCA(G) UCA{G) | CAA(G) CUA(G) UUA(G) UCA(G)
Gln Pro Ser Gln Leu Ser
CAA(G) UAA(G) UCA(G) | CAA(G) CGA(G) CGC(U) AGC(U)
Gln ‘stop’ Ser Gln Arg Ser

Cys-Tyr-Ile-X-Asn-Cys-Pro-Ile-Gly-NH,
Ja, X = Pro Je, X = Ser
Ib, X = Leu Id, X =GIn

Z-Asn-Cys(Bzl)-OQ(Cl) . Pro-lIle-Gly-NH,
I | ¢ [ (I11)
Z-Asn-Cys(Bzl)-Pro-Ile-Gly-NH, * (IV)
(1) HBr/AcOH | (2) Nps-X-ONSu
Nps-X-Asn-Cys(Bzl)-Pro-Ile-Gly-NH, (V)
(1) HCIMeOH | (2) Tos-Cys(Bzl)-Tyr-Tle-N,
Tos-Cys(Bzl)-Tyr-Ile-X-Asn-Cys(Bzl)-Pro-Ile-Gly-NH,  (VI)
(1) Na/NH, | (2 O,
Ia, b
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cysteine 5-chloro-8-hydroxyquinoline ester'® by a mixed
anhydride procedure!®. Removal of the benzyloxycar-
bonyl group with hydrogen bromide in acetic acid fol-
lowed by acylation with the N-hydroxysuccinimide
esters of o-nitrophenylsulphenylproline!® and o-nitro-
sulphenylleucine (oil} afforded the hexapeptide deriva-
tives Va (mp 221-223°, [a]p — 78°) and Vb (mp 221-223°,
[a]p — 70°). Removal ot the o-nitrophenylsulphenyl group
with 1 equivalent of hydrogen chloride in methanol® fol-
lowed by acylation with tosyl-S-benzylcysteinyl-tyrosyl-
isoleucyl azide!? afforded the protected nonapeptides Vla
(dihydrate; mp 132-136°, [a]p —42°) and- VIb (mono-
hydrate; mp 234-236°, [a]p — 31.7°). The free peptides
Ja and Ib were obtained by reduction with sodium in
liquid ammonia. followed by oxidation with air!® and
isolated by countercurrent distribution and gel filtration.

4 Analogues of oxytocin are denoted in accordance with the IUPAC-
IUB tentative rules (Biochemistry 6, 362 (1967)). Standard
abbreviations are used for amino-acid residues and protecting
groups (cf. Biochemistry 5, 2485 (1966)); in addition, OQ(C)
stands for 5-chloro-8-quinolyloxy and ONSu for succinimidoxy.
All amino acids {except glycine} are of the r configuration.
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Table I1. Physical and biological properties of isotocin, mesotocin and 2 analogues

Peptide Physical properties Biological activities, units/mg=
K» [x]pd Rat uterus in vitro Milk ejection Chicken Antidiuretic Toad
Rfe without Mg?t with Mg?+ (rat) depressor (rat) bladder
{Pro*, T1e8]- 0.37 — 8.8° 0.011 0.029 0.038 <2.5x10°% <0.1
oxytocin, Ia 0.72 (0.008-0.014)  (0.025-0.033)  (0.032-0.044)
[Leud, Ile8]- 1.25 — 35.8° 4.4 31 4.9 32 <5%1075e <1
oxytocin, Ib 0.88 (3.9-4.9) (29-33) (4.1-5.7) (29-35)
Isotocin 0.47 —11.0° 120 352 530 382 0.29 30
Ic 0.65 (107-136) (332-372) (340-720) (344-423)
Mesotocin 0.33 — 31.8° 389 436 264 724 0.53 1190
1d 0.66 (355-426) (413-458) (175-347) (664-953)

a Values in brackets are 959%, fiducial limits; 1 mg is 1 pmole for all peptides within the limits of experimental error. ® Distribution coeffi-
cient in the solvent system 2-butanol — 0.05% aqueous acetic acid. ¢ Descending chromatography on Whatman No. 1 paper in 1-butanol —
acetic acid — water (4:1:5) at 22°C. ¢ In 1 M acetic acid (¢ = 0.10-0.15), recalculated for anhydrous peptide. ¢ On occasions produced a diuretic

response.
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Alternative syntheses of isotocin (Ic) and mesotocin
(Id) were carried out by the same route!2.

The free peptides showed satisfactory elemental and
amino-acid analyses. The optical rotations, distribution
coefficients, and Rf values are given in Table II. The
gel filtration experiment showed that all the products
were mOonomeric.

Oxytocic activity was measured with isolated uteri
from stilboestrol-treated rats® by the method of Hor-
TON 20 using suspension fluids* containing no magnesium
or 0.5 mM MgCl,. Milk ejection activity was determined
in the anaesthetized rat??. Chicken vasodepressor poten-
cies were determined by a modification? of the method
of Coon 24, Antidiuretic activity was measured in ethanol-
anaesthetized rats by a modification? of the method of
JEFFERS, LivezEYy and AvusTiN2. The effect on water
permeability was measured with isolated toad (Bufo
mayinus) bladders according to BENTLEY?". The results
are given in Table I1. Where comparable assay conditions
were used the biological activities of our isotocin and
mesotocin are ‘comparable with those reported ear-
lier®-11,28-30 particularly if it is kept in mind that the
peptide content of the earlier samples is uncertain.

Of the newly prepared peptides, [4-proline, 8-isoleucine]-
oxytocin (Ia) showed very low activities in all the
standard assay systems, as had been anticipated. A
similar low degree of activity is also shown by [4-proline]-
oxytocin?. Although the (as yet unknown) physiological
target .organs of the oxytocin-like principles in lower
vertebrates may well have specificity requirements dif-
ferent from any of those represented in the standard
range of assays, all of the peptides isolated to date have
at least moderate potencies in these tests. It therefore
seems unlikely that a peptide 10* times less active than
the natural hormones in all the assays would be a member
of the same biological series. On the other hand, the
[4-leucine, 8-isoleucine]-oxytocin (Ib), though less active
than mesotocin or isotocin in all the standard assays,
has appreciable potency in several tests so that its occur-
rence as a natural hormone cannot be discounted on the
same grounds.

Characteristic properties of [4-leucine, 8-isoleucine]-
oxytocin which should help in any search for its natural
occurrence are the rather high partition coefficient and
Rf value; the high ratio of avian depressor activity to
activity on the rat uterus in vitro in-the absence of
magnesium; the high degree of magnesium potentiation
(though in the case of glumitocin® this parameter has
recently proved less constant than had been assumed);
and the diuretic rather than antidiuretic effect together
with natriuretic action3? in the hydrated rat, properties
which it shares with [4-leucine]-oxytocin®.
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If an evolutionary intermediate of the type discussed
still survives, it is likely that it will be found among the
elasmobranch fishes, since the primitive holocephalians
seem to elaborate oxytocin itself?® (with glutamine in
position 4) while the more recent selachians secrete
glumitocin (with serine in position 4)34.

Zusammenfassung. [4-Prolin, 8-Isoleucin]}-Oxytocin und
[4-Leucin, 8-Isoleucin]-Oxytocin wurden als mogliche
Glieder in der entwicklungsgeschichtlichen Reihe der
Neurohypophysenhormone synthetisiert und pharmako-
logisch gepriift.
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Hexalure, an Insect Sex Attractant Discovered by Empirical Screening

Chemical attractants have become an indispensable
tool in the detection® and control?® of certain destructive
insect pests. The sex attractants emitted by the virgin
females of several species of Lepidoptera have been
shown to be C,y_;; alkenol acetates®4. Isolation and
identification of minute amounts of natural lure is an
arduous, often frustrating task, and we therefore under-
took to supplement our isolation program with a search
for new insect attractants by a strictly empirical approach.

A large number of C,,, C;, and C,4 alken-1-0l acetates
were synthetized and evaluated as attractants for several

insect species. One of these, cis-7-hexadecen-1-ol acetate,
has proved to be an outstanding attractant for male
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