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Diethyl Azodicarboxylate Oxidation of Some Carcinogenic Arylhydroxylamines to Nitroso Deriva- 
tives 

I t  has been demons t ra ted  t h a t  2-ni t rosonaphthalene l-a, 
1-ni t rosonaphthalene 4 and 4-ni t rosobiphenyl  s are ur inary  
metabol i tes  of the  corresponding arylamines  in the  dog. 
2 -Naphthyiamine  and 4-aminobiphenyl  are bo th  power- 
ful b ladder  carcinogens in m a n  and the  dog whereas 
1-naphthylamine  is p resumably  non-carcinogenic in these 
species. 

I n  order to s tudy  the  carcinogenici ty  of these nitroso 
compounds  in several  species, a rapid and efficient me thod  
of their  synthesis  was sought.  Ex is t ing  methods  are qui te  
tedious and result  in l o w  yields. 

TAYLOR and ~XrONEDA 6 repqr ted  the  oxida t ion  of N-phe-  
ny lhydroxy lamine  to ni t rosobenzene in 89% yield wi th  
d ie thyl  azodicarboxylate .  E x t e n d i n g  this  observation,  we 
wish to repor t  the  rapid and efficacious oxida t ion  of 
N, 1- and N, 2 -naph thy lhydroxy lamine  and N, 4-biphenyl-  
hydroxy lamine  to thei r  corresponding nitroso der ivat ives  
in high yield wi th  this  reagent.  

To a st irred ether  solution of N, 1- or N, 2-naphthyl-  
hydroxy lamine  7,s cooled to 0~ is added dropwise an 
ether  solut ion conta ining one equ iva len t  of f leshly  disti l led 
d ie thyl  azodicarboxyla te  (Aldrich). The  reactions were 
followed by  th in  layer  ch romatography  on silica gel G 
wi th  pe t ro leum ether  (40-60~ acetone (4:1) and the  
nitroso compounds  detected wi th  5% aqueous t r i sodium 
ace tacyanoamino  ferrate.  Af ter  complet ion  (under 1 h), 
the  precipi ta te  of d ie thyl  hydrazod ica rboxyla te  is re- 
moved  by  fi l trat ion,  the  ether  removed  in vacuo,  and a 
benzene solution of the  residue applied to a silica gel 
column and developed wi th  n-hexane-benzene (7: 1) a. 
The  br ight  emera ld  green b a n d  of nifroso compound  was 
collected, the  solvent  removed  in vacuo to yield l ight  
yellow-green crystals  in 90-95% depending on the  pur i ty  
of the  naph thy lhydroxylamines .  The  1- and 2-nitro- 
sonaphthalenes  ~,3,7 were ident ical  to those  prepared by  
the  KMnO 4 oxida t ion  of the  a m m o n i u m  salts of the  

corresponding N-n i t rosonaph thy lhydroxy lamines  (mixed 
rap, I n -  and UV-spec t ra  and Rf  values).  

Using chloroform as a solvent,  4-ni t rosobiphenyl  mp  
73-74 ( l i t )  mp 73-74) was prepared f rom N,4-biphenyl -  
hydroxy lamine  1~ in 90-92% yields. 

Zusammen/assung. Eine  schnelle und wirksame Me- 
thode fiir die Oxyda t ion  ~on N, 1- und N, 2-Naphthyl-  
hyd roxy lamin  und N, 4 -Bipheny lhydroxy lamin  wird be- 
schrieben, bet  der diese H y d r o x y l a m i n e  durch Diethyl-  
azodicarboxyla t  zu den entsprechenden Ni t rosoder ivaten,  
in hoher  Ausbeute  umgewande l t  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  neurohypophys ia l  hormones  
appears  to involve  a t  one stage the  s tandard  r ibosomal  
mechan ism of prote in  synthesis  1. I t  is therefore no t  sur- 
prising t h a t  most  of the  s t ruc tura l  differences be tween  
the  homologous hormones  of this  group involve  amino- 
acid replacements  which can be accounted for by  single 
base changes in the  appropr ia te  codons 2,z. The  single 
except ion to this  rule is the  occurrence, in sequence 
posit ion 4, of ei ther  g lu tamine  (oxytocin, the  vas0pres- 
sins, vasotocin,  mesotocin) or serine (isotocin, glumitocin).  
None of the  known codons for g lu tamine  on the  one hand 
and for serin6 on the  o ther  can be in terre la ted by  single 
base changes. This suggests the  occurrence ,  as an evolu- 
t ionary  in termediate ,  of a pept ide  wi th  an  amino acid 
in posi t ion 4 which can be related to  bo th  g lu tamine  and 
serine by  single base changes. Prol ine meets  this condi t ion 
(Table I) bu t  subs t i tu t ion  of this imino acid for an amino 
acid (serine or glutamine) in the  a l ready conformat ional ly  
constra ined cyclic por t ion  of the  molecule would be 
expected  to cause profound changes in the  topochemis t ry  
of the  molecule and hence probably  loss of biological 

ac t iv i ty ;  such a m u t a n t  molecule would  be unlikely to 
survive  long enough to undergo fur ther  evolut ion.  

Al te rna t ive  links be tween  the  4-serine and 4-glutamine 
series th rough  a single in te rmedia te  pept ide  could be  
formula ted  by  postula t ing three successive single base 
changes, one of these changes relat ing 2 codons for the  
same in te rmedia te  amino acid. Leucine and arginine 
mee t  these requi rements  (Table I) and of these 2 the  
neutra l  leucine seems the  most  l ikely in te rms  of the  
' conserva t ive '  charac ter  of the  change. 

To faci l i tate  the  search for possible evolu t ionary  inter-  
media tes  in lower ver tebra tes  we have  synthet ised the  
2 pept ides  regarded as the  mos t  l ikely candidates ,  
[4-proline, 8-isoleucine]-oxytocin (In) and [4-1eucine, 

i H. SACHS and Y. TAKABATAKE, Endocrinology 75, 943 (1964). 
2 j .  F. C.. VLIEGENTHART and D. H. G. VERSTEEG, J. Endocr. 38, 

3 (1967). 
a I. I. G~scnwI~n, Am. Zool. 7, 89 (1967). 
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8 - i s o l e u c i n e ~ - o x y t o c i n  ~ (Ib) a n d  s t u d i e d  t h e i r  p h y s i c a l  
a n d  p h a r m a c o l o g i c a l  p r o p e r t i e s .  T h e  8 - i s o l e u c i n e  se r i e s  
w a s  c h o s e n  b e c a u s e  in  t h i s  s e r i e s  a l o n e  b o t h  t h e  4 - s e r i n e  
a n d  t h e  4 - g l u t a m i n e  d e r i v a t i v e s  (Ic a n d  Id ,  r e s p e c t i v e l y )  
a r e  k n o w n .  A f t e r  c o m p l e t i o n  of  o u r  s y n t h e s e s  (cf. ~) 
t h e  p r e p a r a t i o n  o f  [4 -1e t t c ine ] -oxy toc in  w a s  r e p o r t e d  s in  
a d i f f e r e n t  c o n t e x t ;  [ 4 - p r o l i n e ] - o x y t o c i n  h a s  a l so  b e e n  
p r e p a r e d  r e c e n t l y  ~. 

T h e  k e y  i n t e r m e d i a t e  s I V  I m p  2 3 2 - 2 3 4 ~  lit .  233-235 ~ 
(ref. ~) o r  212 ~ (ref. ~0)] w a s  p r e p a r e d  b y  c o n d e n s a t i o n  
o f  p r o l y l - i s o l e u c y l - g l y c i n e  a m i d e  I I I  ( m p  1 6 8 - 1 7 1  ~ Ia] D 
- -  67.8 ~ ( A c O H ) ;  l i t .  n m p  118 ~ laiD --  63 ~ 1 ~ (AcOH) ) ,  
o b t a i n e d  b y  a n o v e l  r o u t e  ~", w i t h  b e n z y l o x y  c a r b o n y l -  
a s p a r a g i n y l -  S - b e n z y l c y s t e i n e  5 -ch lo ro -  8 - h y d r o x y q u i n o -  
l ine  e s t e r  I I  ( rap  1 9 9 - 2 0 0  ~ laID - - 4 6 . 6 ~  p r e p a r e d  in  
t u r n  f r o m  b e n z y l o x y c a r b o n y l a s p a r a g i n e  a n d  S - b e n z y l -  

c y s t e i n e  5 - c h l o r o - 8 - h y d r o x y q u i n o l i n e  e s t e r  ~a b y  a m i x e d  
a n h y d r i d e  p r o c e d u r e  ~ .  R e m o v a l  of  t h e  b e n z y l o x y c a r -  
b o n y l  g r o u p  w i t h  h y d r o g e n  b r o m i d e  in  a c e t i c  a c i d  fol- 
l o w e d  b y  a c y l a t i o n  w i t h  t h e  N - h y d r o x y s u c c i n i m i d e  
e s t e r s  o f  o - n i t r o p h e n y l s u l p h e n y l p r o l i n e  ~ a n d  o -n i t r o -  
s u l p h e n y l l e u c i n e  (oil) a f f o r d e d  t h e  h e x a p e p t i d e  d e r i v a -  
t i v e s  V a  ( rap  2 2 1 - 2 2 3  ~ ~e]B --  78~ a n d  V b  ( m p  2 2 1 - 2 2 3  o, 
[~]D --  700) . R e m o v a l  of  t h e  o - n i t r o p h e n y l s u l p h e n y l  g r o u p  
w i t h  1 e q u i v a l e n t  of  h y d r o g e n  c h l o r i d e  in  m e t h a n o l  ~s fol-  
l o w e d  b y  a c y l a t i o n  w i t h  t o s y l - S - b e n z y l c y s t e i n y l - t y r o s y l -  
i s o l e u c y l  a z i d e  ~ a f f o r d e d  t h e  p r o t e c t e d  n o n a p e p t i d e s  V i a  
( d i h y d r a t e ;  m p  1 3 2 - 1 3 6  ~ [0~]D - - 4 2  ~ a n d  V I b  ( m o n o -  
h y d r a t e ;  m p  2 3 4 - 2 3 6  ~ [Ct]D - - 3 1 . 7 ~  T h e  f ree  p e p t i d e s  
I a  a n d  I b  w e r e  o b t a i n e d  b y  r e d u c t i o n  w i t h  s o d i u m  in  
l i q u i d  a m m o n i a  fo l l owed  b y  o x i d a t i o n  w i t h  a i r  ~s a n d  
i s o l a t e d  b y  c o u n t e r c u r r e n t  d i s t r i b u t i o n  a n d  ge l  f i l t r a t i o n .  

Table I. Some possible evolutionary transitions between glutamine 
and serine 

By 2 mutat ions ~,~ 
CAA(G) CCA(G) UCA(G) 
Gln Pro Set 
CAA(G) UAA(G) UCA(G) 
Gin 'stop' Ser 

By 3 mutations,  one 'silent' 
CAA(G) CUA(G) UUA(G) UCA(G) 
Gln Leu Ser 
CAA(G) CGA(G) CGC(U) AGC(U) 
Gin Arg Ser 

Cys -Tyr - I l e -X-Asn-Cys -Pro - I l e -Gly -NH~ 

I s ,  X = Pro I c ,  X = Ser 

Ib, X - L e u  Id, X - G l n  

Z-Asn-Cys(Bzl) -OQ (C1) P ro - I l e -Gly -NH 2 
(II) l [ (III) 

Z-Asn-Cys(Bzl ) -Pro- I le -Gly-NHa ( I V )  

(1) H B r / A c O H  $ (2) N p s - X - O N S u  

Nps-X-Asn-Cys(1BzI) -Pro-I le -Gly-Nt t~  (V) 

(1) HCI /MeOH $ (2) Tos-Cys(Bzl) -Tyr-I le-Na 

Tos-Cys(Bz l ) -Tyr - I l e -X-Asn-Cys  (Bzl)-Pro-I le-Gly-NHe (VI) 

(1) Na /NH~ $ (2) O~ 

Ia, b 

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 sueeinimidoxy. 
All amino acids (except glycine) are of the L configuration. 
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Table II. Physical and biological properties of isotoein, mesotocin and 2 analogues 

Peptide Physical properties Biological activities, uni ts /mg 
Kb [~]D a Rat uterus in vitro Milk ejection Chicken Antidiuretic Toad 
Rf o without Mg 2+ with Mg ~+ (rat) depressor (rat) bladder 

[Pro *, IleS] - 0.37 -- 8.8 ~ 0.011 0.029 0.038 <2.5  • 10 .5 <0.1  
oxytocin, Ia 0.72 (0.008-0.014) (0.025-0.033) (0.032-0.044) 
[Leu 4, IleS] - 1.25 -- 35.8 ~ 4.4 31 4.9 32 < 5  X 10 -5 e < 1  
oxytocin, Ib 0.88 (3.9~ (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 
Id 0.66 (355-426) (413-458) (175-347) (664-953) 

Values in brackets are 95% fiducial limits; 1 mg is I ~xmole for all peptides within the limits of experimental error, b Distribution coeffi- 
cient in the solvent system 2-butanol - 0.05% aqueous acetic acid. o Descending chromatography on Wha tman  No. 1 paper in 1-butanol - 
acetic acid - water (4 : 1 : 5) at 22 ~ a In 1 M acetic acid (c = 0.10o0.15), recalculated for anhydrous peptide, e On occasions produced a diuretic 
response. 
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A l t e r n a t i v e  syn theses  of i sotocin  (Ic) a n d  meso toc in  
(Id) were car r ied  ou t  b y  t h e  same route12. 

The  free pep t ides  showed  sa t i s fac to ry  e l emen ta l  a n d  
amino-ac id  analyses.  T he  opt ica l  ro ta t ions ,  d i s t r i bu t i on  
coefficients,  a n d  Rf  va lues  are g iven  in Tab le  I I .  The  
gel f i l t r a t ion  e x p e r i m e n t  showed  t h a t  all t h e  p r o d u c t s  
were monomer ic .  

Oxytoc ic  ac t i v i t y  was m e a s u r e d  w i t h  i so la ted  u te r i  
f rom s t i lboes t ro l - t r ea ted  ra t s  ~9 b y  t he  m e t h o d  of HOL- 
TOt; s0 us ing  suspens ion  f luids ~ c o n t a i n i n g  no m a g n e s i u m  
or 0.5 m M  MgC1 v Milk e j ec t ion  ac t i v i t y  was  d e t e r m i n e d  
in t h e  anaes the t i z ed  r a t  ~. Chickan vasodepres so r  po ten-  
cies were d e t e r m i n e d  b y  a modi f i ca t ion  ~3 of t he  m e t h o d  
of CooN 2~. An t id iu r e t i c  a c t i v i t y  was m e a s u r e d  in e thano l -  
anaes the t i z ed  ra t s  b y  a mod i f i ca t ion  25 of t h e  m e t h o d  of 
JEFFERS, LIVEZE'Z a nd  AUSTIN 2~. T he  effect  on  w a t e r  
p e r m e a b i l i t y  was  m e a s u r e d  w i t h  i so la ted  t o a d  (Bu/o 
marinus) b ladders  accord ing  to  BENTLEY ~v. T he  resu l t s  
are g iven  in Tab le  I I .  W h e r e  c o m p a r a b l e  a s say  cond i t ions  
were used t he  biological  ac t iv i t i es  of our  i sotocin  a n d  
meso toc in  are c o m p a r a b l e  w i t h  those  r epo r t ed  ear-  
lierP-11, ~s-a0, p a r t i c u l a r l y  if i t  is k e p t  in  m i n d  t h a t  t he  
pep t ide  c o n t e n t  of t h e  earl ier  samples  i s  unce r t a in .  

Of t he  newly  p r e p a r e d  pept ides ,  [4-proline, 8-isoleucine~- 
oxy toc in  (Ia) showed  v e r y  low ac t iv i t i es  in  all  t h e  
s t a n d a r d  assay  sys tems,  as h a d  been  an t i c ipa ted .  A 
s imi la r  low degree of a c t i v i t y  is also shown  b y  [4-proline]- 
oxy toc inL  A l t h o u g h  t he  (as ye t  unknown)  phys io logica l  
t a r g e t ,  o rgans  of t h e  oxytoc in- l ike  pr inc ip les  in  lower 
v e r t e b r a t e s  m a y  well  h a v e  specif ic i ty  r e q u i r e m e n t s  dif- 
f e ren t  f rom a n y  of those  r ep re sen t ed  in t h e  s t a n d a r d  
r ange  of assays,  all of t h e  pep t ides  i so la ted  to  da t e  h a v e  
a t  leas t  m o d e r a t e  po tenc ies  in  these  tests .  I t  t he re fo re  
seems un l ike ly  t h a t  a pep t ide  10 ~ t imes  less ac t ive  t h a n  
t h e  n a t u r a l  h o r m o n e s  in all t h e  assays  would  be  a m e m b e r  
of t h e  same  biological  series. On t h e  o the r  h a n d ,  t h e  
[4-1eucine, 8- isoleucine]-oxytocin  (Ib), t h o u g h  less ac t ive  
t h a n  meso toc in  or i so toc in  in all  t h e  s t a n d a r d  assays,  
has  apprec iab le  p o t e n c y  in severa l  t e s t s  so t h a t  i ts  occur-  
rence  as a n a t u r a l  h o r m o n e  c a n n o t  be  d i scoun ted  on  t h e  
s ame  grounds .  

Charac te r i s t i c  p roper t i e s  of E4-1eucine, 8-isoleucine]- 
oxy toc in  wh ich  should  help  in a n y  sea rch  for  i ts  n a t u r a l  
occurrence  are  t he  r a t h e r  h i g h  p a r t i t i o n  coeff icient  and  
Rf  va lue ;  t he  h i g h  ra t io  of a v i a n  depressor  a c t i v i t y  to  
a c t i v i t y  on  t he  r a t  u t e rus  in  v i t ro  in,  t h e  absence  of 
m a g n e s i u m ;  t he  h i g h  degree of m a g n e s i u m  p o t e n t i a t i o n  
( though  in "the case of g lumi toc in  a~ th i s  p a r a m e t e r  ha s  
r ecen t ly  p r o v e d  less c o n s t a n t  t h a n  h a d  b e e n  a s sumed) ;  
a n d  t h e  d iu re t i c  r a t h e r  t h a n  a n t i d i u r e t i c  effect  t o g e t h e r  
w i t h  n a t r i u r e t i c  ac t ion  ~ in  t h e  h y d r a t e d  ra t ,  p roper t i e s  
which  i t  shares  w i t h  ~4-!eucine]-oxytocin ~. 

If  a n  e v o l u t i o n a r y  i n t e r m e d i a t e  of t he  t y p e  d iscussed 
sti l l  survives ,  i t  is l ikely t h a t  i t  will be  found  a m o n g  t h e  
e l a s m o b r a n c h  fishes, s ince t h e  p r i m i t i v e  ho locepha l i ans  
seem to  e l abora t e  oxy toc in  i tself  3a (with g l u t a m i n e  in  
pos i t ion  4) whi le  t he  more  r ecen t  se lach ians  secrete  
g lumi toc in  (wi th  ser ine in pos i t ion  4)34. 

Zusammen/assung. I4-Prolin,  8 - I so leuc in] -Oxytoc in  u n d  
L4-Leucin, 8 - I so leuc in] -Oxytoc in  w u r d e n  als m6gl iche 
Glieder  in  der  en twick lungsgesch ich t l i chen  Re ihe  der  
N e u r o h y p o p h y s e n h o r m o n e  s y n t h e t i s i e r t  u n d  p h a r m a k o -  
logisch gepriif t .  
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and  W. R. WARD 
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Hexalure, an Insect Sex Attractant Discovered by Empirical Screening 

Chemica l  a t t r a c t a n t s  h a v e  become  a n  ind i spensab le  
tool  in  t he  de t ec t i on  1 a n d  con t ro l  s of c e r t a i n  de s t r uc t i ve  
insec t  pests .  The  sex a t t r a c t a n t s  e m i t t e d  b y  t h e  v i rg in  
females  of severa l  species of L e p i d o p t e r a  h a v e  b e e n  
shown  to b e  C1~_16 a lkenol  aceta tes3,  4. I so l a t ion  a n d  
iden t i f i ca t ion  of m i n u t e  a m o u n t s  of n a t u r a l  lure  is a n  
a rduous ,  o f ten  f r u s t r a t i n g  task ,  and  we the re fo re  unde r -  
t ook  to s u p p l e m e n t  our  i so la t ion  p r o g r a m  w i t h  a sea rch  
for new insec t  a t t r a c t a n t s  b y  a s t r i c t ly  empi r ica l  approach .  

A large n u m b e r  of C12, C14 a n d  C~6 a l k e n - l - o l  a ce t a t e s  
were s y n t h e t i z e d  a n d  e v a l u a t e d  as a t t r a c t a n t s  for severa l  

insec t  species. One of these,  cis-7-hexadecen-l-ol ace ta te ,  
has  p r o v e d  to  be  a n  o u t s t a n d i n g  a t t r a c t a n t  for ma le  
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