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Since the bromophenols 1 and 2 are known to possess
fungicidal, antimicrobial, ascaricidal and molluscicidal
activities™8, it is suggested that 1 and 2 may serve a role
in the survival of Phoronopsis vividis under adverse living
conditions.

" E. JEnEY and T. ZsoLNa1, Zentbl. Bakt., Parasitenk, Infektionskr.,
Abt. 1 Orig., 202, 4 (1967); C. A. 67, 41234 (1967).

8 T. ZsoLNnal, Biochem. Pharmac. 5, 1 (1960).

9 L. P. Hacer, D. R. Morris, F. S. BRowN and H. EBERWEIN,
J. biol. Chem. 247, 1769 (1966).

10 Y.M.S. extends warmest thanks to Professors DoNaLp P. AsBOTT
and IsaBerLAa ABBOTT (Hopkins Marine Station}, for their helpful
suggestions and stimulating discussions. We are also indebted to
the National Institutes of Health for financial support (Grant
No. GM-06840).

Preparation of a New Synthetic Dehydrorotenoid

In connection with a study towards the synthesis of
rotenoids, we wish to report the preparation of a synthetic
dehydrorotenoid by cyclization of deoxybenzoin deriv-
atives?, via two pathways.

Acylation of 2, 3-dihyro-4-hydroxy-2-methylbenzofuran
(2)2 with 2-hydroxyphenylacetic acid (1a)3® in PPA, at
80° for 30’ gave 3a, which without further puritication
was converted into the dehydrorotenoid 1,2-dihydro-2-
methyl-12H-[1]benzopyranoc [3,4-b] furo [2,3-h] (1]
benzopyran-6-one (4) by reaction with ethyl bromoacetate
in an ethanolic sodium ethoxide solution (overall yield
14%); m.p. > 300° (decomposition; vmes (KBr) 1635

(CO); 1605, 1560 (aromatic, C=C); é (CDCly): 1.29 (3H, -

d, J 7.0, CHy); 2.75 (1H, dxd, J 16.0, ] 7.0, c(H); 3. 21
(1H, dxd, J 16.0, J 7.0, CH); 4.82 (1H, m, CH); 4.83
(2H, s, OCH,); 6.61-7.01 (4H, m, Ar-H); 7.97 (1H, dxd,
J7.6,]2.0, Ar-H); 8.55 (1H, m, Ar-H); m/e: 306 (M, 91).

The second approach involved the condensation of 2-
carboxymethoxyphenylacetic acid (1b)? with the phenol
2 in PPA at 90° for 30/, to afford the deoxybenzoin 3b
which on treatment with diazomethane gave 3¢ ¥maz
(KBr) 3300-2600 (OH), 1745 (COOEt); 1620 (CO);
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Although nothing is known about the biosynthesis of
these bromophenols, it is likely that the naturally occur-
ring phenols 1, 2, 5-9, are derived from p-hydroxy benzoic
acid by peroxidase catalyzed bromination and subsequent
standard chemical transformations. It should be noted
that bromination of p-hydroxy benzoic acid in sulfuric
acid furnishes 10 and 2 (small amount). Subsequent base-
or acid-catalyzed decarboxylation of 10 yields 1. This
chemical transformation may bear some resemblance
to the actual enzymic process.

Résumé. On décrit l'isolement de deux métabolites
antiseptiques secondaires, 2,6-dibromophénol et 2,4,6-
tribromophénol, de Phoronopsis viridis Hilton 1930.

Y.M. Sueixkua® and C. DyERASSIT

Department of Chemistry, Stanford University,
Standford (California 94305, USA), 23 October 1974.

J (CDCly): 1.46 (3H, d, J 7.1, CH,); 2.70 (1H, dxd, J 14.0,
37.6,C(H); 3.25 (1H, axd, J 14.0, ] 7.6, c(H); 4.27 (21,
s, CH,); 4.71 (2H, s, OCH,); 4.88 (1H, m, CH); 6.12-7. 88
(7H, m, Ar-H, OH).

Cyclization of the deoxybenzoin 3¢ with sodium
ethoxide in boiling ethanol gave the dehydrorotenoid 4 in
55%, yield.

Zusammenfassung. Eine einfache Synthese eines De-
hydrorotenoids 1, 2-Dihydro-2-methyl-12H-[1]benzopy-
rano {3, 4-b] furo [2, 3-h] [1] benzopyran-6-on aus Desoxy-
benzoin Derivat wird beschrieben.

R. VERHE, N. Scuamp and M. SADONES

State University of Ghent, Faculty of Agricultural Sciences,
Laboratory of Organic Chemistyy, B—9000 Ghent ( Belgium),
37 October 1974.
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Effect of Acetylcholine, Dopamine, Noradrenaline and 5-Hydroxytryptamine on the Incorporation

df 2P into Bhdspholipids of the Snail Brain

Acetylcholine, dopamine and 5-hydroxytryptamine
(5-HT) can all be considered as possible transmitter
substances in the molluscs?-%, though the evidence in
favour of noradrenaline playing such a role is not im-
pressivel:2.4 Although in vitro experiments have clearly
demonstrated that neurotransmitter substances affect the
incorporation rate of 32P into phospholipids of vertebrate
nervous tissue®-8, no such study has been carried out on
the invertebrates. Since previous studies have demon-
strated the snail brain to incorporate 32P into phospho-
lipids®, it was decided to take advantage of this con-
venient preparation and see whether neurotransmitters

1 G. ACKerxuT, Br. med. Bull. 29, 100 (1973).

2 H. M. GerscHENFELD, Physiol. Rev. 53, 1 (1973).

3 N. N, OsBor~E and V. Neunorr, J. Neurochem. 22, 363 (1974).

4 N. N. Ossorne and G. A. CorrreLL, Comp. gen. Pharmac. 7, 1
(1970).

5 L. E. Hokix and M. R. Hoxkix, Biochim. biophys. Acta 78, 102
(1955).

6 M. R. Hoxin, J. Neurochem. 76, 127 (1969).

" M. R. Hoxkiy, J. Neurochem. 77, 357 (1970).

8 A. A, ABpEL-LaTIF, S.-]J. YaU and J. P, SmitH, J. Neurochem. 22,
383 (1974).

9 N. N. OssornE, H. H. ALtaavus and V. NEUHOFF, Comp. Biochem.
Physiol. 43 B, 671 (1972).
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Content of individual phospholipids (PL) in the snail brain expressed in g PL/100 ug wet weight of tissue

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
Phosphatidylethanolamine 0.21 0.29 0.23
Cardiolipin 0.037 0.039 0.04

affect the incorporation of 32P into phospholipids in a
similar way.

Matevial and methods. The anterior aorta of the snail
Helix pomatia was cannulated and perfused with 1 ml snail
saline % containing NaH,3?PO, (60 u.Ci/ml, Radiochemicals
Amersham) for 15 min. Thereafter saline containing the
same concentration of NaH,*PO,, together with indi-
vidual neurotransmitter substances (10-% M), was
perfused. Eserine was not added to acetylcholine solution.
After a perfusion time of 15 or 45 min, the snail brain was
rapidly dissected, homogenized in chloroform/methanol
(2:1 v/v), the phospholipids chromatographed on sodium
silicate impregnated silica plates (size 24 X48 mm) as
described elsewherel. The fractionated phospholipids on
chromatograms were then subjected to autoradiography 12
to reveal the incorporation of 32P before being scraped
from the plate and counted in a Packard Tricarb. In some
instances, the phospholipids from chromatograms were
extracted and evaluated for their content by fluorometric
procedure 3.

Results and discussion. Phosphatidylcholine (PC),
phosphatidylinositol (PI), phosphatidylserine (PS), phos-
phatidylethanolamine (PE), cardiolipin and sphingo-
myelin are fractionated by the one-dimensional micro
TLC method?!!, and all these phospholipids, with the
exception of sphingomyelin, were shown to occur in the
snail nervous system (Table). In the earlier experiments,
where a two-dimensional chromatography method was
used, sphingomyelin was also detected® though it may
have been lysolecithin. All the phospholipids, with the
exception of cardiolipin, detected in the CNS of the snail
incorporated radioactivity from the perfused NaH,32PO,.

300
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Fig. 1. Effect of neurotransmitter substances (10~3 M over a period
of 15 min) on the incorporation of 3P into various phospholipids 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.

Most radioactivity was incorporated into PI and PS
followed by PC and PE. The high incorporation of radio-
activity into PS is surprizing in the light of data from rat
brain, where %Pi was injected intracysternally®. A
somewhat higher incorporation has been reported in
experiments with rat brain slices®. As in the vertebrates?!?,
the incorporation of 32P into all the phospholipids was
much higher after perfusion of radioactive solution for
45 min compared to the incorporation rates after 15 min.

From Figure 1 it can be seen that dopamine and, to a
lesser extent, acetylcholine has a greater effect on the
incorporation of #2P into PI than PS and PC after 15 min,
while 5-HT has the opposite effect and noradrenaline no
influence. Perfusion of substances for 45 min (see Figure 2)
resulted in dopamine stimulating the incorporation of 32P
into the individual phospholipids, the effect of 5-HT or
noradrenaline being the same while perfusion of acetyl-
choline for this time was negative, probably due to the
absence of eserine allowing any acetylcholine esterase to
inactivate the perfused acetylcholine. The present report

19 K. MENG, Zool. Jb. 68, 193 (1960).

11 H. H. ArtHAus and V. Neuvnorr, Hoppe-Seyler’s Z. physiol.
Chem. 354, 1073 (1973).
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(Eds. A. KLEINZELLER, G. F. SprrinceEr and H. G, WITTMANN;
Springer Verlag Berlin, Heidelberg, New York 1973), vol. 14, p. 117.

13 H.G. ScuierFer and'V. NevHoFF, Hoppe-Seyler’s Z. physiol. Chem.
352, 913 (1971).

14 R. O. FriepeL and S. M. ScHANBERG, J. Neurochem. 78, 2191
(1971).
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Fig. 2. Effect of neurotransmitter substances (10~ M over a period
of 45 min) on the incorporation of 32P into various phospholipids
of the snail brain expressed as percent of control (= 100%).
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shows that only dopamine and acetylcholine increased the
turnover rate of the phospholipids in the snail, while in
the rat these two substances in addition to noradrenaline
and 5-HT produced this state®. However, it has been
demonstrated? that the 4 substances tested affect the
turn-over of phospholipids in different brain areas of the
guinea-pig brain in various ways, suggesting that phospho-
lipid turn-over is only influenced by substances which
have a definite function in that tissue. This could explain
the present results: firstly because the ‘brain’ of Helix
pomatia consists of a number of ganglia, each of which
varies in morphology and physiology??, secondly because
noradrenaline has a minor role in the CNS1:2.4 and thirdly
because 5-HT is the probable excitatory neurotransmitter
in the snail?.3.16,17 Caution is required, however, before
drawing direct conclusions from the data, since it is not
certain how important the molar concentration of neuro-
transmitter is in its influence on the phospholipids?.8. In
any event, the present results support the idea that
neurotransmitter substances specifically affect the turn-
over rate of membrane phospholipids?s.

Zusammenfassung. Von den im Schneckenhirn (Helix
pomatia) wahrscheinlich als Neurotransmitter wirkenden
Substanzen fithren Dopamin und Acetylcholin zu einem
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erhohten Einbau von 3P in Phospholipide; Serotonin
zeigt eher einen gegenteiligen Effekt und Noradrenalin
bleibt ohne Einfluss. Phosphatidylinositol weist die
hochste Einbaurate auf. Die Resultate unterstreichen die
Bedeutung von Dopamin, Acetylcholin und Serotonin als
Neurotransmitter im Schneckenhirn und deren Einfluss
auf den Metabolismus von Membranphospholipiden.
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Detection of Arylhydroxylamines as Intermediates in the Metabolic Reduction of Nitro Compounds

The toxicity and carcinogenicity of aromatic nitro
compounds apparently depends upon their metabolic
activation to the corresponding hydroxylamine!-3 by
hepatic nitro reductases present in microsomes and
cytosolv®. The high reactivity and lability of these
intermediates has, however, generally precluded their
direct detection in biological systems. An electrochemi-
cal method for the determination of arylhydroxylamines
based on their anodic oxidation at carbon paste elec-
trodes has recently been reported®. This probe has been
used as a sensor to monitor hydroxylamine turnover
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Fig. 1. Peak voltammogram for 4x10~% M solution of 1-hydroxy-
aminonaphthalene in 0.1 M phosphate buffer (pH 7.4) at 37°C
(sweep rate: 0.10 V-sec™!). Peak potential (Ep) and peak current
(i) are labelled.

during the reductive metabolism of a series of aromatic
nitro compounds in rabbit liver microsomal suspensions.
The stability and fate of arylhydroxylamines under non-
enzymatic conditions was also investigated.

Methods. 1-Hydroxyaminonaphthalene was synthesized
by reduction of nitronaphthalene with zinc and ammonium
chloride” and the hydroxylamine converted to the
corresponding nitroso compound by oxidation with
dichromate?®. Liver microsomal suspensions were obtained
from male New Zealand rabbits? and protein concentra-
tion was adjusted to 10 mg/ml. Incubation mixtures were
prepared as described by Kartol® and reactions were
carried out for 15 to 60 min under an atmosphere of
deoxygenated argon at 37°C. Reaction vessels were
equipped with a 3-electrode assembly consisting of a
saturated calomel electrode (SCE), graphite rod counter
electrode, and graphitenujol working electrode. Peak
voltammograms were recorded on an X-Y recorder for
all solutions at 2 min intervals during the course of
incubations by applying a linearly varying potential of

1 J. R. GiLrerte, J. R. Mircaerr and B. B. Bropig, A. Rev.
Pharmac. 74, 271 (1974). )

2 B, C. MrLLER and J. A. MILLER, in The Molecular Biology of Cancer
(Ed. H. Busch; Academic Press, New York 1974), p. 377.

3 M. MircHARD, Xenobiotica 7, 469 (1971).

4 R, Kato, A. Taxauasuat and T. Osuima, Biochem, Pharmac. 79,
45 (1970).

5 Y. YosHipa and H. Kumaoxa, Proceedings of the First Symposium
on Drug Metabolism Action (Ed. H. Krracawa; The Pharm. Soc.,
Japan, Tokyo 1970), p. 57.

8 L. A. STErRNSON, Analyt. Chem. 46, 2228 (1974).

7 E. E. Smissman and M. D. CORBETT, J. org. Chem. 37, 1847 (1972).

8 A. 1. VoGEL, 4 Textbook of Practical Organic Chemistry (Longman,
London 1970), p. 630.

9 R, A. WiLEY, L. A. STErRNsON, H. A. Sasame and J. R. GILLETTE,
Biochem. Pharmac. 27, 3235 (1972).

10 R. Kato, T. Osuima and A. Takanaxa, Molec. Pharmac. 4, 487
(1969).



