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Since the  bromophenols  I and 22 are known to possess 
fungicidal,  ant imicrobial ,  ascaricidal and molluscicidal  
ac t iv i t ies  7,s, i t  is suggested tha t  1 and 2 m a y  serve a role 
in the  survival  of Phoronopsis viridis under  adverse l iving 
condit ions.  
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Al though  nothing is known about  the biosynthesis  of 
these bromophenols ,  i t  is l ikely t h a t  the  IIaturMly occur- 
r ing phenols 1, 2, 5-9 ,  are der ived f rom p - h y d r o x y  benzoic 
acid by  peroxidase ca ta lyzed bromina t ion  and subsequent  
s tandard  chemical  t ransformat ions .  I t  should be noted 
tha t  b romina t ion  of p -hyd roxy  benzoic acid in sutfuric 
acid furnishes 10 and 2 (small amount) .  Subsequent  base- 
or acid-catalyzed decarboxyla t io l i  of 10 yields 1. This  
chemical  t r ans format ion  m a y  bear  some resemblance 
to the  actual  enzymic  process. 

Rdsumd. On d6crit  l ' i so lement  de deux m6tabol i tes  
ant isept iques  secolidaires, 2 ,6-dibromoph6nol  et 2,4,6- 
t r ibromoph6nol ,  de Phoronopsis viridis Hi l ton  1930. 
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Preparation of a New Synthetic Dehydrorotenoid 

In  connect ion wi th  a s tudy  towards  the  synthesis  of 
rotelioids, we wish to repor t  the  prepara t ion  of a synthet ic  
dehydroro tenoid  by cyclizatioli  of deoxybenzoin  deriv-  
at ives 1, v ia  two pa thways .  

Acylat iol i  of 2, 3-d ihyro-4-hydroxy-2-methylbenzofuran  
(2) 2 wi th  2-hydroxyphel iylacet ic  acid (1 a) 3 in PPA,  at  
80 ~ for 30' gave 38 ,  which wi thou t  fur ther  pur i t ica t ion  
was conver ted  into the  dehydroro tenoid  1,2-dihydro-2- 
methyl -12H-[1]benzopyrano [3,4-b] furo [2,3-h] [1] 
benzopyran-6-one (4) by react ion wi th  e thyl  b romoace ta te  
in an ethanolic  sodium ethoxide  solution (overall yield 
14%);  m.p. > 300 ~ (decomposit ion;  vm~ (KBr) 1635 
(CO); 1605, 1560 (aromatic,  C =C); d (CDCla): 1.29 (31.1, 

d, J 7.0, CH3); 275 (1H, dxd, J 160, J 70 ,  C~HH); 3. 21 

(11.1, dxd, J 16.0, j 7.0, C / H '  \ H i ;  4.82 (11.1, m, CH);  4.83 
(2H, s, OCH=); 6.61-7.01 (4I-1, m, Ar-H) ;  7.97 (1H, dxd, 
J 7.6, J 2.0, Ar-H);  8.55 (11.1, m, At -H) ;  re~e: 306 (M +, 91). 

The second approach involved  the condensat ion of 2- 
ca rboxymethoxypheny lace f i c  acid (1 b)a wi th  the  phenol  
2 in P P A  at  90 ~ for 30', to afford the deoxybenzoin  3 b  
which on t r e a t m e n t  wi th  d iazomethane  gave 3 c  Vm~, 
(KBr) 3300-2600 (OH), 1745 (COOEt);  1620 (CO); 

(CDCIa): 1.46 (3H, d, J 7.1, CHa); 2.70 (1H, dxd, J 14.0, 
J 7.6, c / H ~ -  \ H i ,  3.25 (1H, dxd,  J 14.0, J 7.6, c / H ) ;  4.27 (2H, 
s, CH~); 4.71 (21.1, s, OCH~); 4.88 (11.1, m, CH);  6 .12-7 .88 
(7H, m, Ar-H,  OH). 

Cyclizat ion of the  deoxybenzoin  3 c  wi th  sodium 
e thoxide  in boiling e thanol  gave the  dehydroro tenoid  4 in 
55 % yield. 

Zusammen[assung. Eine  einfache Synthese  eines De- 
hydrorotenoids  1, 2-Dihydro-2-methyl -12H-[1]benzopy-  
rano [3, 4-b] furo [2, 3-tl] [1] benzopyran-6-on aus Desoxy-  
benzoin Der iva t  wird beschrieben.  
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Effect of Acetylcholine, Dopamine,  Noradrenaline and 5 ,Hydroxytryptamine on the Incorporation 
o'f 32pinto Phospholipids of the Snail Brain 

Acetylcholine,  dopamine  and 5~hydroxyt ryptamine  
(5-HT) can all be considered as possible t r ansmi t t e r  
substances in the  motluscs a-a, t hough  the  evidence in 
favour  of noradrenal ine  p laying such a role is not  im- 
pressive 1, =, ~. A l though  in v i t ro  exper iments  have  clearly 
demons t ra ted  t h a t  neuro t ransmi t t e r  substances affect  the  
incorpora t ion  ra te  of a2p into phosphotipids of ve r tebra te  
nervous  t issue ~-8, no such s tudy  has been carried out  on 
the  inver tebrates .  Since previous  studhes have  demon-  
s t ra ted  the  snail bra in  to incorporate  sap into phospho- 
lipids 9, i t  was decided to t ake  advan tage  of this  con- 
ven ien t  p repara t ion  and see whether  neurot ra l i smi t te rs  
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Content of individual phospholipids (PL) in the snail brain expressed in txg PL/100 ~xg wet weight of tissue 
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Experiments No. 

1 2 3 
Sphingomyelin not detected not detected not detected 

Phosphatidylcholine 0.31 0.29 0.24 
Phosphatidylinositol 0.071 0.09 0.073 
Phosphatidylserine 0.037 0.069 0.065 
Phosphatidylet hanolamine 0.21 0.29 0.23 
Cardiolipin 0.037 0.039 0.04 

af fec t  t h e  i n c o r p o r a t i o n  of 3~p in to  phospho l ip id s  in  a 
s imi la r  way.  

Mater ia l  and methods. The  an t e r i o r  a o r t a  of t he  snai l  
H e l i x  pomat ia  was c a n n u l a t e d  a n d  per fused  w i t h  1 ml  snai l  
sa l ine ~0 c o n t a i n i n g  NaH23~PO4 (60 ~Ci/ml,  Rad iochemica l s  
A m e r s h a m )  for 15 mill. T h e r e a f t e r  sa l ine  c o n t a i n i n g  t he  
same c o n c e n t r a t i o n  of N a H ~ P O 4 ,  t o g e t h e r  w i t h  indi-  
v idua l  n e u r o t r a n s m i t t e r  subs t ances  (10 -3 M),  was 
perfused.  Eser ine  was no t  added  to ace ty lcho l ine  solut ion.  
Af te r  a per fus ion  t i m e  ot 15 or 45 rain,  t h e  snai l  b r a i n  was 
r ap id ly  dissected,  h o m o g e l i i z e d  in c h l o r o f o r m / m e t h a n o l  
(2 : 1 v/v) ,  t h e  p b o s p h o l i p i d s  c h r o m a t o g r a p h e d  on  sod ium 
si l icate  i m p r e g n a t e d  silica p la tes  (size 24 •  mm)  as 
descr ibed  e lsewhere  n.  The  f r a c t i o n a t e d  phospt lo l ip ids  on  
c h r o m a t o g r a m s  were t h e n  sub jec t ed  to  a u t o r a d i o g r a p h y  12 
to  r evea l  t he  i n c o r p o r a t i o n  of 32p before  be ing  sc raped  
f rom t h e  p l a t e  a n d  coun t ed  in a P a c k a r d  Tr icarb .  I n  some 
ins tances ,  t i le p h o s p h o l i p i d s  f rom c h r o m a t o g r a m s  were 
e x t r a c t e d  a n d  e v a l u a t e d  for t h e i r  c o n t e n t  b y  f iuo romet r i c  
p rocedure  ~3. 

Resul ts  and discussion. P h o s p h a t i d y l c h o l i n e  (PC), 
p h o s p h a t i d y l i n o s i t o l  (PI),  p h o s p h a t i d y l s e r i n e  (PS), phos-  
p h a t i d y l e t h a n o l a m i n e  (PE),  ca rd io l ip in  a n d  sphingo-  
mye l in  are f r a c t i o n a t e d  b y  t h e  one - d i m ens i ona l  micro  
TLC m e t h o d  11, and  all  t hese  phosphol ip ids ,  w i t h  t he  
excep t ion  of sph ingomye l in ,  were shown  to  occur  in t he  
sna i l  n e r v o u s  s y s t e m  (Table).  I n  t he  ear l ier  expe r imen t s ,  
where  a t w o - d i m e n s i o n a l  c h r o m a t o g r a p h y  m e t h o d  was 
used, s p h i n g o m y e l i n  was also de t ec t ed  9 t h o u g h  i t  m a y  
h a v e  b e e n  lysolec i th in .  All  t h e  phosphol ip ids ,  w i t h  t he  
excep t ion  of cardiol ip in ,  de t ec t ed  in t h e  CNS of t h e  snai] 
i n c o r p o r a t e d  r a d i o a c t i v i t y  f rom t he  per fused  Nat-I~3~pO a. 

Most  r a d i o a c t i v i t y  was i nco rpo ra t ed  in to  P I  a n d  P S  
followed b y  PC and  PE.  The  h i g h  i n c o r p o r a t i o n  of radio-  
a c t i v i t y  i n to  P S  is su rp r i z ing  in t he  l igh t  of d a t a  f rom r a t  
b ra in ,  where  33pi was  in jec ted  i n t r a c y s t e r n a l l y  ~4. A 
s o m e w h a t  h igher  i n c o r p o r a t i o n  has  been  r epo r t ed  in 
e x p e r i m e n t s  w i t h  r a t  b r a i n  slices 8. As in t he  v e r t e b r a t e s  ~, 
t h e  i n c o r p o r a t i o n  of 32p in to  all  t h e  phospho l ip ids  was 
m u c h  h igher  a f t e r  per fus ion  of r ad ioac t ive  so lu t ion  for 
45 min  c o m p a r e d  to t he  i n c o r p o r a t i o n  ra t e s  a f t e r  15 rain.  

F r o m  Figure  1 i t  can  be  seen t h a t  d o p a m i n e  and,  to  a 
lesser ex ten t ,  ace ty lcho l ine  has  a g rea t e r  effect  on the  
i n c o r p o r a t i o n  of 32p in to  P I  t h a n  P S  and  PC a f t e r  15 min,  
whi le  5 -HT has  the  oppos i te  effect  a n d  n o r a d r e n a l i n e  no 
inf luence.  Per fus ion  of subs t ances  for  45 m i n  (see F igure  2) 
r e su l t ed  in d o p a m i n e  s t i m u l a t i n g  t h e  i n c o r p o r a t i o n  of ~2p 
in to  t he  i n d i v i d u a l  phospbol ip ids ,  t h e  effect  of 5 -HT or 
n o r a d r e n a l i n e  be ing  t he  same  whi le  pe r fus ion  of ace ty l -  
chol ine  for th i s  t i m e  was nega t ive ,  p r o b a b l y  due  to  t he  
absence  of eserine a l lowing  a n y  ace ty lcho l ine  es terase  to  
i n a c t i v a t e  t h e  per fused  ace ty lchol ine .  The  p r e sen t  repore  
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Fig. 1. Effect of neurotransmitter substances (10 -8 M over a period 
of 15 min) on the incorporation of 3~p illto various phospbolipids of 
the snail brain expressed as percent of control (=  100%). The control 
was done under the same conditions excluding the presence of neuro- 
transmitter substances. 
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Fig. 2. Effect of neurotransmitter substances (i0 a M over a period 
of 45 min) oll the incorporation of 32p into various phospholipids 
of the snail brain expressed as percent of control (= 100%). 
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shows t h a t  on ly  d o p a m i n e  a n d  ace ty lcho l ine  increased  t he  
t u r n o v e r  r a t e  of t h e  phospho l ip id s  in  t he  snail,  whi le  in  
t he  r a t  these  two  subs t ances  in  a d d i t i o n  to  n o r a d r e n a l i n e  
a n d  5 - t lT  p roduced  t h i s  s t a t e  8. However ,  i t  has  been  
d e m o n s t r a t e d  ~ t h a t  t he  4 subs t ances  t e s t ed  affect  t he  
t u r n - o v e r  of phospho l ip ids  in  d i f fe ren t  b r a i n  areas  of t h e  
gu inea-p ig  b r a i n  in va r ious  ways,  sugges t ing  t h a t  phospho -  
l ip id  t u r n - o v e r  is on ly  in f luenced  b y  subs t ances  wh ich  
h a v e  a def in i te  f u n c t i o n  in t h a t  t issue.  Th i s  could exp la in  
t h e  p i e s e n t  resu l t s :  f i r s t ly  because  t he  ' b r a i n '  of Helix  
pomatia consis ts  of a n u m b e r  of ganglia ,  each  of wh ich  
var ies  in m o r p h o l o g y  a n d  phys io logy  ~5, secondly  because  
n o r a d r e n a l i n e  ha s  a m i n o r  role in  t he  CNS ~, 2, ~ a n d  t h i r d l y  
because  5 -HT is t he  p r o b a b l e  e x c i t a t o r y  n e u r o t r a n s m i t t e r  
in  t h e  sna i l  2,3, ~6, ~7. Cau t ion  is requi red ,  however ,  before  
d r awing  d i rec t  conclus ions  f rom t he  da ta ,  s ince i t  is no t  
ce r t a in  how i m p o r t a n t  t h e  mo la r  c o n c e n t r a t i o n  of neuro-  
t r a n s m i t t e r  is in  i ts  in f luence  on  t he  phospho l ip ids  ~, s. I n  
a n y  even t ,  t he  p re sen t  resul t s  s u p p o r t  t he  idea  t h a t  
n e u r o t r a n s m i t t e r  subs t ances  specif ical ly af fec t  t he  t u r n -  
over  r a t e  of m e m b r a n e  phospho l ip id s  ts. 

Zusammen/assung.  V on  den  im S c h n e c k e n h i r n  (Helix 
pomatia) wahrsche in l i ch  als N e u r o t r a n s m i t t e r  w i r k e n d e n  
S u b s t a n z e n  f i ihren  D o p a m i n  u n d  Ace ty lcho l in  zu e inem 

e r h 6 h t e n  E i n b a u  v o n  a2p in Phospho l ip ide ;  Se ro ton in  
zeigt  eher  e inen gegente i l igen  Ef fek t  n n d  N o r a d r e n a l i n  
b l e ib t  ohne  Einf luss .  P h o s p h a t i d y l i n o s i t o l  weis t  die 
h6chs t e  E i n b a u r a t e  auf. Die R e s u l t a t e  u n t e r s t r e i c h e n  die 
B e d e u t n n g  yon  D o p a m i n ,  Ace ty lcho l in  mad Se ro ton in  als 
N e u r o t r a n s m i t t e r  im S c h n e c k e n h i r n  u n d  de ren  Einf luss  
auf  den  M e t a b o l i s m u s  yon  M e m b r a n p h o s p h o l i p i d e n .  

H. -H.  ALTHAUS, V. 1NEUHOFF and  
N. N. O S B O R ~  

Max-  Planck- Insti tut  ]~r experimentelle Medizin,  
Forschungsstelle Neurochem~e, Hermann-Rein-Strasse 3, 
13-34 GSttingen (German Federal Republic, B RD),  
1 October 1974. 

15 T. D. BULLOCK and G. A. I-IORRIDGE, Structure and Function in the 
Nervous System o/ Invertebrates. I L Molluscs: Gastropods, (Free- 
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Detection of Arylhydroxylamines  as Intermediates in the Metabolic Reduction of Nitro Compounds 

The  tox i c i t y  an d  ca rc inogen ic i ty  of a r o m a t i c  n i t ro  
c o m p o u n d s  a p p a r e n t l y  depends  upon  t h e i r  m e t a b o l i c  
a c t i v a t i o n  to  t h e  co r re spond ing  h y d r o x y l a m i n e  I-B b y  
h e p a t i c  n i t ro  r educ tases  p r e s en t  in mic rosomes  and  
cytosola,  K The  h igh  r e a c t i v i t y  and  l ab i l i ty  of these  
i n t e r m e d i a t e s  has,  however ,  genera l ly  p rec luded  the i r  
d i rec t  de t ec t i on  in biological  sys tems.  An  e lec t rochemi-  
cal m e t h o d  for t he  d e t e r m i n a t i o n  of a r y l h y d r o x y l a m i n e s  
based  on  t h e i r  anodic  o x i d a t i o n  a t  c a r b o n  pas t e  elec- 
t rodes  has  r ecen t ly  been  r epo r t ed  6. Th i s  p robe  ha s  been  
used  as a sensor  to  m o n i t o r  h y d r o x y l a m i n e  t u r n o v e r  

& 
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Fig. 1. Peak voltammogram for 4 x 10 -5 M solution of 1-hydroxy- 
alninonaphthalene in 0.1 M phosphate buffer (pH 7.4) at 37~ 
(sweep rate: 0.10 V-see-X). Peak potential (E~) and peak current 
(i~) are labelled. 

d u r i n g  t h e  r e d u c t i v e  m e t a b o l i s m  of a series of a r o m a t i c  
n i t ro  c o m p o u n d s  in r a b b i t  l iver  m i c r o s o m a l  suspensions .  
The  s t ab i l i t y  a n d  fa te  of a r y l h y d r o x y l a m i n e s  u n d e r  non -  
e n z y m a t i c  cond i t ions  was  also inves t iga ted .  

Methods. 1 - H y d r o x y a m i n o n a p h t h a l e n e  was syn thes i zed  
b y  r educ t i on  of n i t r o n a p h t h a l e n e  w i t h  zinc a n d  a m m o n i u m  
chlor ide  7 a n d  t h e  h y d r o x y l a m i n e  c o n v e r t e d  to  t he  
co r r e spond ing  n i t roso  c o m p o u n d  b y  o x i d a t i o n  w i t h  
d i c h r o m a t e  s. L ive r  m i c r o s o m a l  suspens ions  were o b t a i n e d  
f rom male  New Zea land  r abb i t s9  a n d  p r o t e i n  concen t r a -  
t ion  was a d j u s t e d  to 10 mg/ml .  I n c u b a t i o n  m i x t u r e s  were 
p r e p a r e d  as descr ibed  b y  KATO 1~ a n d  r eac t i ons  were 
car r ied  ou t  for 15 to 60 m i n  u n d e r  a n  a t m o s p h e r e  of 
d e o x y g e n a t e d  a rgon  a t  37~ R e a c t i o n  vessels were 
equ ipped  w i t h  a 3-electrode a s sembly  cons i s t ing  of a 
s a t u r a t e d  ca lomel  e lec t rode  (SCE), g r a p h i t e  rod  coun te r  
electrode,  and  g r a p h i t e n u j o l  work ing  electrode.  P e a k  
v o l t a m m o g r a m s  were r ecorded  on  an  X - Y  recorder  for 
all  so lu t ions  a t  2 ra in  in t e rva l s  d u r i n g  t h e  course of 
i n c u b a t i o n s  b y  a p p l y i n g  a l inear ly  v a r y i n g  p o t e n t i a l  of 
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