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for the Vesicular

Monoamine Transporter

DANIEL J. CANNEY, MEI-PING KUNG and HANK F. KUNG*

Depanm%nt of Radiology, University of Pennsylvania, Philadelphia, PA 19104, U.S.A.

(Accepred 5 August [994)

Tetrabenazine (TBZ) and dibydrotetrabenazine are well known inhibitors of the CNS vesicular mono-

amine trensporte

(VMAT), which is responsible for

the packaging of monoamine neurotransmitters in

presynaptic vesicles. Amino and amido derivatives of tetrabenazine were prepared as polenUal ligands for

the vesicular mg

noamine transporter, Ultimately, organotin derivatives of promising Ligands were

prepared for radiplabeling with 1. The compounds were evalnated for their ability to inhibit the specific’
binding of a selective radioligand to the transporter in rat striatal homogenates. Of the compounds

cvaluated, three a

mine derivatives of TBZ (primary, secondary and tertiary) were found to have modest

" to high affinity for the transporter, while two zmides exhibited low to undectable affinity, The secondary

propargy! amine
evaluation. The

was found to possess the highest affinity (K;=7.60M) and was chosen for further
organotin derivative of this compound was synthesized in ‘order to preparc the

corresponding radiciodinated ligand. However, our inability to synthesize and characterize the iodinated

amine precluded

its evaluation as a potential radioiedinated hgand for the transporter. Allernative

approaches for dpereasing the hpophlhclty of TBZ analogs while mamtammg high binding afﬁmty are
currently being explored.

Introduction

Abnormalitics in mong¢aminergic neurotransmission

in the ceatral nervo

s system (CNS) have been

implicaled in a number of psychological and neuro-

logical disorders (Co

er et al., 1986). Therefore,

CNS markers for the accurate determination of

monoaminergic inne
studying the possible

tiont” are valuable tools for
role of catecholamine and

indolamine neurotrangmitter systems in these dis-

orders. Synaptic neurq

transmission in the CNS is

closely coupled to the active transport and storage of
dopamine, serotonin, ahd norepinephrine. Following
the release of neurotragsmitter into the synaptic cleft,
two distinct active transport systems are involved in
moving monpamines frpm the cleft to storage vesicles
within the presynaptic [neuron. First, termipation of
action often involves Na*-coupled reuptake (plasma
membrane transport) of the transmitter to either the
presynaptic nerve termjinal or to glial cells (Kanner

and Schuldiner, 1987;

Schuldiner, 1994). Following

uptake of the monoamines into the cytoplasm of the

presynaptic neuron, a

second type of transporter

*Author for corresponden

(vesicular monoamine transporter, VMAT) is respon-

. sible for packaging and storage of the nevrotrans-

mitters in monoamine vesicles, The latter mechanism,
VMAT, is based on common ATP-dependent trans-
porters that are effective for both catecholamines and
serotonin (Kanner and Schuldiner, 1987; Schuldiner,
1994). Reserpine is a natural product that inhibits the
VMAT mechanism within the synapse, resulting in a
depletion of monoamines in the CNS (Cooper et al.,
1986). The depletion of monoamines in the brain by
reserpine is long-lasting and the storage mechanism
appears to be irreversibly damaped. In contrast,
the alkaloid tetrabenazine, [3-(2-methylpropyl)-9,10-
dimethoxy-1,3,4,6,7, 115-hexahydro-2H -benzo[a]-
quinolizin-2-one; TBZ, 1 (Fig. 1)] produces a short
lived depletion of monoamines, and does not appear
to irreversibly damage the transporter (Cooper er al.,
1986; Neumeyer, 1981; Weiner, 1985). ‘

A reduced form of TBZ, tritiated dihydro-
tetrabenazine  [2-hydroxy-3-(2-methylpropyl}-9,10-
dimethoxy-1,3,4,6,7, 115- hexahydro-2H - benzo[a]-
quinolizine]; (P H}JDH-TBZ, 2) has been reported as
a selective marker for in vitro radioligand binding
(Ky =2.9nM) and autoradiographic studies of the
VMAT systemm (Near, 1986; Darchen et al., 1989;
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Tetrabenazine (1)
(TBZ)

1 \"_:\'Lio/}l\[/
CH,0 ji‘?

Iedovinyl-tetrabenazine (3)
(3a = I-TBZ)
3b = '¥*I.TBZ)

Henry and Scherman, 1989; Isambert et al, 1989:
Masuo e al., 1990). Auloradiography siudies have
shown that (HJDH-TBZ labels monoamine rich
brain regions (Darchen er al, 1989; Henry and
Scherman, 1989; Masuo et al, 1990). For example,
postmortgm  binding studies using [*H]JDH-TBZ
demonstrated a significant reduction of P HIDH-TBZ,

ecific and to exhibit higher nonspecific
an ‘H]DH-TBZ {(Darchen et al., 1989;
Scherman, 1989). Therefore, the develop-
ecific, high affinity radioiodinated ligands
icular monoamine uptake site remains an
importani objective,

Numerpus factors must be taken into consider-
ation when designing radioiodinated derivatives of
TBZ as potential radioligands for in sirre (radio-
ligand bipding and autoradiography) and in viro

Daniel 1. Canney et al.

CH,0

CH,0

a~Dihydrotetrabenazine (2)
(DH-TBZ)

Fik. L. Structures of tetrabenazine (TBZ: 1, dihydrotetrabenazine (DH-TBZ; 2), and iodovinyl-tetra-
benazine (I-TBZ; 3) discussed in the text.

(SPECT imaging) studies of the vesicular monoamine
transporter. First, a previous study has demonstrated
a correlation between the lipophilicity of TBZ
analogs and affinity for the reuptake site (Scherman
et al., 1988b). Compounds shown to have higher
partition coefficients (octanol/buffer) in the study
generally exhibited a greater ability to inhibit the
specific binding of PHJDH-TBZ. While the correlation
was based on a limited number of compounds, this
obscrvation is not surprising since the ability of these
compounds to reach their intracellular targets would
be expected ta depend, at least in part, on their ability
to pass through lipid bilayers of neuronal membranes.
Second, structure—activity relationship (SAR) studies
involving TBZ have shown that a basic amine nitrogen
at position 5, methoxy groups at positions 9, 10, and
an alkyl group at position 3 impart good amine
depleting activity on the isoguninoline molecule (Brossi
et al., 1958; Pletscher er al, 1962; Tretter, 1962;
Fahrenholtz er al., 1967; Hamden and Short, 1967;
Lednicer and Mitscher, 1977; Saner and Pletscher,
1977 Kaiser and Setler, 1981). Additionally, SAR
studies suggest that analogs containing considerable
steric bulk at the 2 position retain amine depleting
activity and/or high affinity for the uptake site
(Scherman ei al.. 1988a; lsambert ¢t al., 1989), These
data suggest that dedvatization at the 2 position of the
TBZ molecule with substituents of the appropriate
lipophilicity, could result in analegs that retain high
affinity and specificity for the receptor site,

Our attempts to develop a radioiodinated TBZ
analog for in wivo SPECT imaging studies of the



transporter have peen disappointing thus far. A
2-iodovinyl TBZ (I TBZ) ligand was shown to exhibit
high specificity and affinity for VMAT in vitro.
However, the high [lipophilicity and consequent high
nonspecific binding of 1-TBZ have precluded its
use as a radiotrager for SPECT imaging studies
in vivo (Kung et bl, 1992a; Canney et al, 1993).
In an ¢ffort 1o reduge the lipophilicity of the iodoviny!
ligand (I-TBZ), while maintaining high specificity
and affinity for the transporter, amino and amido-
TBZ analogs have been synthesized as potential
precursors in the development of radiojodinated lig-

ands for the vesicplar monoamine transporter. Our

goal was to develop ligands that would be sufficiently
lipophilic to reach|the intracellular target (vesicular
monoamine transporter) and bind with high affinity
~and selectivity, while exhibiting a degree of hy-
drophilicity which |might minimize nonspecific bind-
ing during in vitre pinding assays, and during in vive
SPECT imaging sfudies. We herein report the syn-
thesis of amino and amido-TBZ derivatives and the
ability of these compounds to inhibit the specific
binding of ["*IJI-TBZ (Fraction 1) in radioligand
binding experiments.

Matgrials and Methods
General methods

ed on EM Science (Gibbstown,
ted (0.2 mm) silica gel 60 plates
and the spots were|detected with 1, vapor and/or- UV
light, Silica gel 60 {70~-230 mesh), obtained from EM
Science (Gibbstown, NJ, U.8.A). ‘or silica gel,
Merck, grade 60 |(230-400 mesh), obtained from
Aldrich Chemical Co. (Milwaukee, WI, U.S.A.), were
wsed for column ghromatography. 'H spectra were
obtained on a BI'LLRCT Model AM 500 or 300, or a
Varian 360A spectromeler. All samples prepared for
NMR analysis were dissolved in CD(Cly purchased
from Aldrich Chemical Co. Chemical shifts are
reported as & valyes with the chloroform or tetra-
methylsilane resonance vsed as the internal standard,
The multiplicity is |defined by s (singlet), 4 (doublet),
{ {triplet), ¢ '(quartl:t), and m (multiplet). The relative
peak heights of |the resonances are reported as
integers after thd multiplicity. IR specira were
recorded (K Br pellet or neat as a film) with a Mattson
Polaris FT-IR spectrometer. Melting points were
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determined on a Mcitcfnp apparatus (Cambridge,

MA, U.S.A.) and are reported uncorrected. Elemen-
tal analyses were performed by Atlantic Microlabs
Inc. (Norcross, GA, U.S.A.). A Rainin liguid chro-
matograph equipped with a reverse phase cartridge
(PRP-1; 25c¢m x 0.46cm; Hamilton) or a chiral
column (Chiralcel OD; 25cm x 046 cm; Daicel
Chemical Industries, Ltd) was used for high-perform-
ance liquid chromatographic (HPLC) separations
and analyses. No-carrier-added sodium [ IJiodide
(0.1 N NaOH solution; 2200 Cu/mmol) was pur-
chased from DuPont NEN Research Products
(Boston, MA, U.8.A)).

9,10 -Dimethoxy«3-(2-methylpropy! )-1,3,4,6,7,11b-
hexahydro-2H -benzofajquinolizin-2-amine (Ha}

Compound 4a was prepared using a modification
of a previously reported procedure (Isarnbert ef al,,
1989). Tetrabenazine (2g; 6.3 mmol), ammonium
acetate (4.86 g; 63 mmol), and NaBH,CN (0.28 g)
were dissolved in anhydrous MeQH (50 mL). Mal-
ecular sieves (3g; 3 .&) were added and the mixture
was stirred at RT for 24 h. The solution was diluted
with methanol (100 mL) and filtered. Methanol was
removed in vacuo and the residue taken np in water
(50 mL). The mixture was made acidic with concen-
trated HCl (pH «<4) and extracted with E1.Q
{2 x 100 mL). The solution was then made basic with
5N NaOH (pH > 10) and extracted with Et,O
(4 x 100 mL). The ether was washed with brine, dried
(Na,50,) and evaporated under reduced pressure.
The residue recovered after work-up was chromato-
graphed on a silica gel column and eluted with 12%
MeOH-CHCI, to yield the known compound 4a
(1.47-g; 73.5%) as a slightly yellow oil. Chromato-
graphic properties and the spectroscopic data in-
cluded below are comsistent with reported values.
"H NMR J 6.69-6.68 (m, 1H), 6.56 (s, 1H), 3.83
(s, 6H), 3.12-3.02 (m, 3H), 289280 (m, 1H),
2.72-2.18 (m, 6H), 2.04-1.77 (m, 1H), 1.75-1.36
{m, 4H, 1.12-098 (m, IH) 0.95-0.87 (m, 6H); IR
(film) 3380, 2960, 2920, 2840/2760m (Bohlmann
bands), 1640, 1520, 1460, 1370, 1330. 1260,
1240 cm ™',

9, 10- Dimethoxy-3-(2-methylpropyl )= N- 2. propynyl-
1.3.4,6, 7, 1 1b-hexahydro- 2H - benzo [a)quinolizin - 2-
amine (4b)

Compound 4b was prepared using the reductive
amination procedure of Borch ef al. (1971). To a
solution of propargylamine (7.78 mL; 1{3 mmol)
in anhydrous MeOH (40mL) was added SN
HCI-MeQH (7.56 mL,; 38 mmol). Tetrabenazine (6 g;
19 mmol) was then added, followed by NaBII;CN
(0.83 g). Molecular sieves (10 g; 3 A) were added and
the mixture was stirred at RT for 72 h. The solution
was diluted with methanol (150mL) and filtered.
Methanol was removed in paciwo and the residue
taken up in water (30 mL). The mixture was made
acidic with concentrated HCl (pH < 4) and extracted
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Synthesis of amino/amido-tetrabenazine (TBZ) derivatives, (a) CH,CO,NH, (i), propargyl-
or N-methylpropargylamine (fc), NaBH,CN, 5N HCI/CH,;0H; (b) acetyl chloride (2a)

or 4-odobenzoyl chloride (2b), CH,CY,, triethylamine; () (SnBu,),, (Ph;P),Pd, toluene, 100°C;
(d) Na'™ 1, 0.1 N HCIEtOH, H,0;; (e) HSnBu,, AIBN, toluene; (f) Na'®1, 0.1 N HCYE\OH, H,0,, or

Scheme 1. The known compound, amine 4a, was

synthesized using

a modification of a previously

published procedure (Isambert er al, 1989). The

chromatographic

properties and spectroscopic data

of 4a were found to be consistent with previously
reported data for this compound. Amines 4b and
¢ were synthesized in a similar manner using the

reductive aminal
(1971). A methan
tetrabenazine (
(ammonium ace
propargylamine
was treated with

ion procedure of Borch er al
olic salution (3 N HCI/MeOH) of

BZ), and the appropriate amine
ate, propargylamine or N-methyl-

or compounds 4a-c, respectively)

NaCNBH, and the mixture stirred

at room temperature for 24 (4a) to 72h (4b, c).
Standard work-pp and purification using column

chromatography
amines in low (1

(silica gel) afforded the target
%: 4¢) to moderate vield (74%; 4a,

I, CHCl,, r.t.

64%; 4b). Amine 4a was then used to prepare amides
Sa and b.

Propargylamine 4a was treated with tri-n-butyltin
hydride in the presence of AIBN and the mixture was
heated to 95°C for 4 h to afford the desired organotin
compound 7. The coupling constant for the vinyl
pratons of 7 (J = 19 Hz) was consistent with the rrans
conformations shown in Scheme 1 (Ali er al., 1988,
1991; Goodman er al., 1990; Canney et al, 1993).
Treatment of a chloroform solution of vinylstannane
intermediate 7 with a 0.1 M solution of iodine in
chloroform afforded a single spot on TLC which was
assumed to be 8. However, the FTNMR spectrum of
amine § obtained following work-up and purification
was inconsistent with the proposed strocture (Scheme
1). TLCs taken later showed multiple spots which
supggested that either the lododestannylation was
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and modemate lipophilicity be identified. The optimal
ligand would be sufficiently lipophilic to reach the
target receptor, and hydrophilic enough so that non-
specific binding is minimized during in vitro binding
experiments, and perhaps more importantly, during
in vive SPECT imaging studies, While a highly
lipophilic radioiodinated ligand has been shown 1o be
vseful (I-TBZ; 3b) for in vitre binding experiments
(Kung, 1984), high nonspecific binding in vive pre-
claded its pse in SPECT 1maging studies.

In conclpsion, 2-amino and 2-amido derivatives of
TBZ were|prepared in low 1o moderate yield, The
compounds were evaluated for their ability to inhibit
the binding of specifically bound 3b (Fraction I) from
rat striatal membranes. Of the compounds evaluated
here, propargylamine 4b exhibited the highest affinity
for the trapsporter and possessed a triple bond which
could readily be further functionalized to obtain
the organptin precursor and ultimately the target
iodinated rompound. However, an inability to pre-
pare B prepluded its evaluation as a potential radio-
iodinated ligand for the transporter. We are currently
exploring
lipophiliciy of this series of TBZ analogs while
maintaining the desired high binding affinity.

Radiolabeling

The 1-125 labeled iodovinyl-TBZ derivative (['*I]I-
TBZ, 3b was prepared as previously described by an
iododestannylation reaction (Canney et al., 1993).
The product was purified by HPLC on a reverse
phase colymn (PRP-1, Hamilton) eluting with an
jsocratic solvent of 90% acctonitrle—10% buffer
(5mM 3,3-dimethylglutaric acid, pH 7.0) and flow
rate of 1mL/min. The radiochemical purity was
analyzed by the above chromatographic system. The
specific activity of 3b was not determined, however,
based on pur experience with similar iododestannyl-
ation reactions where the specific activity was deter-
mined 1o (be approximately 2200 Ci/mmol, we feel
that it is| reasonable to assume that the specific
activity of no carrier-added 3b is also 2200 Ci/mmol.

Separatjon of optical isomers was achieved using a
Rainin HPLC system in conjunction with a chiral

“column (Chiracel OD) as described  previously
(Canney et al., 1993). The overall yield obtained for
3b following reverse-phase and Chiral HPLC separ-
ations was 50%. K; values reported herein were
determined in binding experiments using 3b, Fraction
I as the radicligand (X, 0.3 nM) (Kung er al., 1992a).

Partition Coeflicients

The following procedure was used to determine
partition goefficients, The radioligand was mized with
3g ecach of l-octanol and buffer (pH 7.4, 0.1 M
phosphatg) in a test tube. The mixture was vortexed
for 3 min [at RT and then centrifuged (4000 rpm) for
5 min. Twp aliquots from each layer (0.5 g cach) were

alternative approaches to decrease the.

counted in a well counter. The partition coefficients
were determined by calculating the ratio of cpm/g of
octanol to that of buffer. Samples from the octanol
layer were repartitioned until consistent values were
obtained (usually after 3 determinations).

Binding Assay

Rat striatal homogenates were prepared following
the procedure described (Scherman er al., 1586). The
binding was carried out in a total volume of 0.2 ml
containing buffer (50 mM HEPES, pH 7.5, 0.3 M
sucrose), '*I.abeled ligand, tissue homogenates
(100-150 ug) and various concentrations of competi- -
tors. Incubation was carried out for 60 min at RT.
The samples were then filtered through glass fiber
filters (Schleicher and Schuell, No, 30) and the bound
radioactivity was determined in a y counter (Packard
5000). The non-specific binding was measured in the
presence of 1 uM tetrabenzine. The data points were
analyzed using the iterative, nonlinear least square
curve fitting program LIGAND (Munson and
Robard, 1980).

Acknowledgerments— Ulis work is supported by a grant from
Nihon Medi-Physics Inc. The anthors wish to thank Ms
Susan West for her assistance in preparing this manuseript.

References

Ali H., Roussean J., Ghaffari M. A_ and van Lier 1. E,
(1988) Synthesis, receptor binding, and tissue distribution
of 7a- and 1 lb-substituted (17a,20E)- and (172202 )-21-
[*Tjiodo-19-norpregua-1,3,5(10),20- tetracne-3, 1 7-diols.
J. Med. Chem, 31, 1946-1950.

Ali H., Rousseau J., Ghaffari M. A. and van Lier J. E.
(1991) Synthesis, receptor binding and tissue distribution
of 7a- and 11b-substituted (17a,20E)- and 172,207 )-21-
['**Niodo-19-norpregna-1,3,5(10),20-tetraene-3, 1 7-diols,
J. Med Chem. 34, 8B54-860.

Borch R. F., Bemstein M, D. and Durst H. D. (1971) The
cyanohydridoborate anion as a selective reducing agent.
J. Am, Chem. Soc¢. 93, 2897-2904,

Brossi A., Lidlar H., Walter M. and Schnider O. (1558)
Syntheseversuche in der Emetin-Reibe. 2-Oxo-hydro-
benzolalchinoline. Helv. Chim. Acta 41, 119-139,

Canney D. 1, Guo Y.-Z.,, Kung M.-P. and Kung H. F.
(1993) Synthesis and preliminary evaluation of an
jodovinyl-ietrabenzine analog as a marker for the vesicu-
lar monoamine transporter. J. Lab, Compds. Radiopharm.
18, 355-368. )

Clarke F. H., Hill R. T., Koo J., Lopano R. M., Maseda
M. A., Smith M., Soled S, Von Veh G. and Vlattas I,
(1978) A series of hexahydro[l,4]oxazino|3,4-a)isoquino-
lines as potential nevwroleptics. J. Med. Chem. 21, 785791,

Cooper J. R., Bloom F. E. and Roth R. H. (1986)
The Biochemical Basis of Neuropharmacology, 5th Edn,
Oxford University Press, New York.

Darchen F., Masuo Y., Vial M., Rostene W, and Scherman
D. (1989) Quantitative autoradiography of the rat brain
vesicular monoamine transporter using the binding
of PHjdihydroletrabenazine and 7-amino-8-['* [iodo-
ketanserin, Neuroscience 33, 341-349,

DaSilva I. N, Kilbourn M. R., and Domino E. F. (1993)
I vivo. imaging of monoaminergic nerve terminals in
normal and MPTP-lesioned primate brain using positron
emission tomography (FET) and [Cltetrabenazine.
Svnapse 14, 128-131.



Erickson -J. D., Eiden L. and Hoffman B. J. (1992)

Expression cloning of a reserpine-sensitive vesicular

monoamine franspa
10,993-10,997.

rter, Proc. Natl. Acad, Sct. [U.5.4. 89,

Fahrenholtz K. E., Capomaggi A, Lurie M., Goldberg
M. W. and Kierstead R. W. (1967) Octahydrophen-

anthrene analogs
304-310,

f tetrabenazine, J. Med. Chem. 9,

Goodman M. M., Waterhouse R. N,, Kabalka G, W. and
Knapp F. F. (1990)(Synthesis and biological evaluation of
3-C({(E)-2["*1}iodogthenyl)-p-allose: a new strategy for
the preparation of| in vive stable radioiodinated carbo-
hydrates. Nucl. Compacr 22, 62-69,

Hansch C. and Leo A. ). (1979) Substituent Constants For
Correlation Analysis In Chemistry and Biology. Wiley,

MNew York.

Harnden M. R. and Short 1. H. (1967) 2-Thio-{,3,4,6,7,11b-
hexahydro-~9, 10-dimethoxy~2H -benzo{a]quinolines. J.
Med. Chem. 10, 1183~1184.

Henry 1.-P. and Sch

rrman [, (1989) Radioligands of the

vesicular monoamine transporter and their use as markers
of monoamine storage vesicles. Biochem, Pharmacol. 38,

2395-2404.

Isambert M. F., (Gasnier B, laduron P. apnd Henry

1. P. (1989) Phot

paffinity labeling of the monocamine

transporter of bovine chromaffin granules and other

mongamine stora,
ketanserin, Bioche
Kaiser C. and Setler

e vesicles using 7-azido(8-{'*1Jiodo)-
. Pharmacol. 28, 2265-2270,
P. E. (1981) Antipsychotic agents. In

Burger's Medicinal Chemistry, 45th Edn (Edited by Wolf

M. E), pp. 860-9
Kanner B. 1. and
transport and sto
Rev. Biochem. 22,
Kilbourn M. R., Da
and Kohl D, E.
monoamine  Lran
["' Cltetrabenazine
J. Neurochem. 60,

Billings J. 1. a

h4, Reiley-Interscience, New York.
Bchuldiner 8. (1987) Mechanism of
age of neurotransmitters. CRC Crir,
1-38,

Bilva J. N., Frey K. A,, Koeppe R. A,
(1993) In vio imaging of vesicular
sporters in  human brain  using
and positron emission tomography,
2315-2318. :

d Kung H. F. (1994) Binding of

Kung M.-P,, Cnnnj;cD. 1., Frederick D., Zhvang Z.-P |

¥ I-jodovinyltetra

nazine to CNS vesicular monoamine

transport sites. Synapse 18, 225-232,

Kung M.-P., Canne,

D, 1, Guo Y.-Z, Billings J. J. and

Kung H. F. {19923) lodinated derivatives of tetrabenazine

for mapping moz
(Abstract No. 202
Kung M.-P., Chump

oamine storage sites. Soc, Newrosci.
.13) 18, 475.
radit S., Billings J. J. and Kung H. F,

(1992b) 4-Iodotomoxetine: a naovel ligand for serptonin
uptake sites. Life [Sei. 51, 95-106,

Lednicer D. and Mi
istry of Drug Syn
Masuo Y., Pelapra
(1990) PH]Dihyd
visualization of
striatum. Neuros
Munson P. 1. and R
computerized apy
binding system. 4

scher L. A. (1977) The Organic Chem-
thesis. Wiley Interscience, New York.

t D., Scherman D. and Rostene W.
rotetrabenazine, a new marker for the
dopaminergic denervation in the rat
;. Lett. 114, 45-50.

obard D. (1980) LIGAND: a versatile
roach for characterization of ligand-
nal. Biovchem. 107, 220-239,

[**1]I-TBZ ligands for VMAT 535

Murphy R. A., Kung H, F., Kung M.-P. and Billings J. J.-

(1990) Synthesis and characterization of iodobenzamide
analogs: potential D-2 dopamine receptor jmaging agents,
J. Med, Chem. 33, 171-178.

Near J. (1986) PH)Dihydrotetrabenazine binding {0 bovine
striatal subsynaptic vesicles. Mol Pharmacol, 38,
252-257.

Neumeyer J. L. (1981) Neuroleptics and anxiolytic agents,
In Principles of Medicinal Chemistry (Edited by Foye
W. O.). Lea and Febiger, Philadelphia,

Pletscher A., Brossi A. and Gey K. F. (1962) Benzoquino-
line derivatives: a new class of moneamine decreasing
drugs with psychotropic action. In International Review of
Neurobiology (Edited by Pfeiffer C. C. and Smythies,
I R), pp. 275-305. Academic Press, New York.

Saner A. and Pletscher A, (1977) A bensofz]quinolizine
derivative with a neuroleptic-ike action on cerebral
monoamine turnover. J. Pharmacol. Exp. Ther. 203,
556-563,

Scherman D. (1986) Dihydrotetrabenazine binding and
monoamine uptake in mouse brain regions. J. Neurochem.
47, 331-339.

Scherman D,, Boschi G., Rips R. and Henry J. P. (1986) The
regionalization of [*H]dihydrotetrabenazine binding sites
in mouse brain and its relationship to the disteibution
of monoamines and their metabolites, Brain Res. 370,
176181,

Scherman D., Gasnier B., Jaudon P. and Henry J, P. (1988a)
Hydraphobicity of the tetrabenazine-binding site of the
chromaffin granule monoamine transporter, Mof. Phar-
macol. 33, 72-77. .

Scherman D, Jaudon P, and Henry J, P. (1983) Character-
ization of the monoamine carrier of chromaffin granule
membrane by binding of [2-*Hjdihydrotetrabenazine.
Proc. Narl. Acad. Sci, US.A. 80, 584-588,

Scherman D., Raisman R., Ploska A. and Agid Y. (1988b)
P H]Dihydrotetrabenazine, a new in vitro monoaminergic
probe for human brain. J. Neurochem. 50, 1131-1136,

Schuldiner 8. (1994) A molecular glimpse of vesicular
monoamine transporters, J. Neurochem. 62, 20672087,

Tretter I. R, (1962) U.S. Patent No, 3,053,845,

Weiner N, (1985) Drugs that inhibit adrenergic nerves and
block adrenergic receptors. In The Pharmacological Basis
of Therapeutics (Edited by Gilman A. G., Goodman L. S.,
Rall T. W. and Murad F.), pp. 108. Macmillan, MNew
York,

Appendix 1. Analytical data

Caleulared Found

Compound C H N C H N

4b 74.12 905 7.86 74.20 9.01 7.92
4 74,56 925 756 7427 926 T.44
Sa 69.97 8.95 1.1 70.01 9,00 7.69
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. hydrophobicity of the TBZ-binding site was investigated by comparing
" the|potency- of drugs to displace [¥H]dihydrotetrabenazine (T'BZOH),

a ligand of the TBZ-binding site, with the lipophilicity of these drugs
reflected by their octanolfbuffer apparent partition coeff. (Pom).
Drugs tested were § substrates of the transporter, 7 TBZ derivs., and
the| inhibitors regerpine, haloperidol, and chlorpromazine. The
validity of apparent Pob as an index of lipophilicity was shown by
measuring drug partitioning between buffer and chromaffin granule
membranes. For most of the inhibitors tested, octanol/buffer and
membrane/buffer apparent Ppy were correlated. For substrates of
upthke and TBZ derivs,, the potency of a compd. to displace
{*H)TBZOH from its binding site was correlated to its apparent Poss.
‘This relation was valid over a range of 5 orders of magnitude. These
data are interpreted as indicating that the TBZ-binding site is
hydrophobic and is in equil. with the ligand present in the membrane
phase, and that substrates and TBZ derivs. are characterized by an
equal intrinsic affinity for this site of ~1 uM. The 3-fold difference
in affinity obsd. between a- and f~diasterecisomers of TBZOH was
unted for by a similar difference in apparent Popn. Reserpine,
halgperidol, and chlorpromazine have much lower intrinsic affinity
for the TBZ-binding site.
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SUMMARY

The catecholamine uptake inhjbitor tetrabenazine (TBZ) binds to
a high affinity site on the chroraffin granule membrane, presum-
ably on the monoamine transporter. The hydrophobicity of the
TBZ-hinding site was investigated by comparing the potency of
drugs to displace [°H]dihydrotetrabenazine (TBZOH), a ligand of
the TBZ-binding site, with the fipophilicity of these drugs reflected
by their octanolf/buffer apparent partition coefficient (Po.). Drugs
iested were five substrates of|the transporter, seven TBZ deriv-
atives, and the inhibitors reserpine, haloperidol, and chlorpro-
mazine. The validity of apparant P.n as an index of tipophilicity
was shown by measuring drug partitioning between buffer and

chromaffin granule membrane

. For most of the: inhibitors tested,

octanol/buffer and membrang/buffer apparent partition coeffi-

cients were correlated. For substrates of uptake and TBZ deriv-
atives, the potency of a compound to displace [PH[TBZOH from
its binding site was correlated to its apparent P,. This relation-
ship was valid over a range of b orders of magnitude. These
data are interpreted as indicating that the TBZ-binding site is
hydrophobic and is in equilibrium with the ligand present in the
membrane phase, and that substrates and TBZ derivatives are
characterized by an equal intrinsic affinity for this site of about 1
uM. The 3-fold difference in affinity observed between «- and g-
diastereoisomers of TBZOH was accounted for by a similar
difference in apparent P,,,. Reserpine, haloperidol, and chlorpro-
mazine have much lower intrinsic affinity for the TBZ-binding
site.

Chromaffin granules, the ¢

atecholamine storage organelles

of adrenal medulla, accumuldte monoamines (catecholamines
and indoleamines) against their concentration gradient (1, 2).

This active transport is me
driven by the proton electroc
ATP-dependent proton pump)
this transport are known, rese
monoamine transporter with
H'-gradient (9, 10). Using [°]
of TBZ, [*H]TBZOH, inhibit

iated by a specific transporter
emical gradient generai 2d by an
(3-8). Two specific inhibitors of
ine and TBZ, which inhibit the
ut affecting the electrochemical
Jreserpine and a tritiated analog
on of uptake has been shown to

result from the binding of these drugs to high affinity sites on

the monoamine transporter (1

1-13).

The TBZ-binding site (sit¢ T) has a low affinity for the

substrates of uptake, catech

lamines and indoleamines, as

measured by displacement of bound [PH]TBZOH. For nor-
adrenaline, the dissociation constant derived from these mea-

surements is in the mM conce
magnitude larger than its K, f

This work was supported by Cent

ntration range and is 2 orders of
yr ATP-dependent noradrenaline

e National de la Recherche Scientifique

{Unité Associee 1112 and Contract 944066).

uptake (11). This difference is surprising, in view of the strue-
tural analogy existing between TBZ and catecholamines (Fig.
1). We thus investigated the possihility that the ohserved
differences in the binding constants for site T' of TBZ and of
substrates might originate in differences in their physicochem-
ical properties. In the present communication, this hypothesis
was tested by comparing the potency of substrates and inhibi-
tors of the transporter to displace [PH|TBZOH with their
hydrophabicity, determined from partition experiments with
the octanol/buffer model system.

Materials and Methods

Chemicals, TBZ (Fluka) and reserpine (Sigma) stock solutions {1
mM) were prepared in 2 mM HCl and 200 mM acetic acid, respectively,
and were kept at 47 in the dark. MIBG and ["[)MIBG were gifts from
Office des Rayonnements lonisants, Commissariat a 'Energie Ato-
mique (Gif sur Yvette, France). a- and 8-"H]JTBZOH (15 Ci/mmol)
were synthetized either in the laboratory or by the Commissariat 4
I'Energie Atomique. Drugs were generally solubilized in 2 mM HCI, at
1 mM final concentration.

Synthesis of TBZ derivatives, [*"H]TBZOH, [2-*H] 2-hydroxy-3-
isobutyl-9,10-dimethoxy -1,2,3 4,6,7-hexahydro-11b(H)-benzo{a])quino-

ABBREVIATIONS: TBZ, tetraben

quinolizine; [FHJTBZOH, [2-*H]dihy
1.2,3.4.6,7-hexahydro-11b({H)-benz

meta-iodobenzylguanidine; Hepes,

ine; TBZOH, dihydrotetrabenazine {2-hydroxy-3-isobutyl-9,10-dimethoxy-1,2,3,4,6,7-hexahydro-11h{H)benzo[ a}
drotetrabenazine; TBZNHM,, 2-aminotetrabenazine; TBA, arylazido tetrabenazine (N+{3-isobutyl-9,1D-dimethoxy-
olalquinolizine-2-yi)-4-[(4-azido-2-nitrophenylamino]butanamide); 5-HT, S-hydroxytyrptamine (serotoniny: MIBG,
WV-2-hydroxyethyl)piperazine-N'-2-athanesulfonic acid; apparent P, octanol/buffer apparent partition coefficient;
apparent P, membrane/buffer apparent partition coefficient.
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CH,0
N Tetrabenazine
CHO -
H
CH,CH (CH,),
0
cHo
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cH,0 Derivatives
H
(H,CH(CH,),
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CHPU\
‘ N o Dihydrotetrabenazine
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M
e EH,CH{CH,),
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Fig. 1. Structural formulas of TBZ |and TBZ derivatives. 8-TBZOH is the
diastereoisomer of «-TBZOH, which differs by an inverse configuration
of the chiral carbon bearing the OH group. For the studied TBZ deriva-
tives: acetyl TBZOH, R = OCOCH; succingl TBZOH, AR =
OCO(CH.),COOH; TBZNH;, R |= NH,; TBA, A = NHCO(CH,);
NHC:H3(NO:)N3.

lizine (dihydrotetrabenazine), was prepared by reduction of TBZ with
KB*H, (11). a and 8 OH isomers|were purified and separated by high
performance liquid chromatography on a C;s pBondapak column with
methanol/10 my (NH,)CO3H (70:30) as solvent. Unless indicated, [*H)
TBZOH indicates the more abundant « isomer. The purity of this
compound was periodically checkdd and, if necessary, it was repurified
by high performance liquid chromatography. TBZNH, (2-amino TBZ),
TBA  (N-(3-isobutyl-9,10-dimethoxy-1,2,3,4,6,7-hexahydro-11b(H)-
benzo(a]quinolizine-2-yl)-4-[(4-azido-2-nitrophenyl)aminc]butanam-

ide), an arylazido derivative of THZNH,, and [*H]TBA were prepared
as described (14). Succinyl and acetyl TBZOH were prepared by reac-
tion of unfractionated TBZOH isgmers with succinic and acetic anhy-
drides, respectively. Acetic or succinic anhydride (30 mmol) was added
to TBZOH (1 mmol) in 2 ml of dty pyridine. After one night at room
ternperature, the solvent was rempved. The product was dissolved in
water {10 ml) and sodium carbopate was added to neutrality, The
aqueous phase was extracted three times with CH,Cl, (10 mb) and the
combined organic phases wete evaporated. Succinyl or acetyl TBZOH
esters were crystallized from ethe

Chromaffin granule membrane preparation. Bovine chromaf-
fin granule membranes were prepared by osmotic lysis of granules
isolated by centrifugation on a 1.6 M sucrose layer (15, 16). The
preparation was frozen in liquid nitrogen and was kept at —80°. Protein
concentration was estimated by the Lowry procedure (17).

Drug concentration determination. Concentrations of free drug
{neutral and protonated) were detiermined spectrophotometrically for
concentrations higher than 10 uM [and, for lower concentrations, fluo-
rometrically or by radioactivity megsurements. Spectrophotometry and
fluorescence measurements were performed in | mM HCI because the

Hydrophobitity of Tetrabenazine-Binding Site

fluorescence of the protonated form of TBZ derivatives is more intense
than that of the neutral form and because protonation is complete
under these conditions. Absorbance and fluorescence characteristics
were: TBZ derivatives, e, = 3,600 M~ X em™!, fluorescence/excitation
285 nm/emission 315 nmy; reserpine, ¢qr = 17,000 M™ X cm™?! and
fluorescence/excitation 295 nm/emission 365 nmy; haloperidol, e =
11,900 M~ % em™; chlorpromazine, e;54 = 40,000 M™* X cm ™%, noradren-
aline, adrenaline, serotonin, and tyramine, fluorescence/excitation 280
nm/emission 320 nm and ezrs = 15,000 M™* X em ™! for 5-HT. For TRZ
derivatives, a common molecular absorption coefficient was assumed,
which was verified by weighing in the case of TBZOH and succinyl
TBZOH. For noradrenaline and adrenaline, fluorescence was also
measured after adrenochrome formation (18).

[PHITBZOH binding. Membranes (10 ug of protein/ml) in 0.3 M
sucrose/50 mM Hepes (Na) butfer, pH 7.5, containing 2.5 mM ATP/
1.3 mM MgSQ,, were incubated for 2 hr at 30° with 2 nm [*H|TBZOH
and the studied compound at various concentrations, Bound ['H]
TBZOH was determined by filtration through Millipore HAWP filters
{11). Nonspecific binding, determined by addition of 1 uM TBZ to the
incubation mixture, was subtracted. The drug concentration corre-
sponding to half-inhibition of [*’H]TBZOH binding (FC;,) was derived
from the inhibition curve.

Octanol/buffer apparent partition coefficient (apparent P,,).
Apparent P.p, determinations were performed essentially as in Ref. 19.
Briefly, compounds were added to 20 mM Hepes (Na) (pH 7.5) saturated
with octanol. Water-saturated octanol was then added, Lthe mixture was
stirred for 5 min at 20° and centrifuged for 15 min at 7500 X g at the
same temperature, and the two phases were separated. For lipophilic
inhibitors, which have an apparent P, > 1, their concentration in the
aqueous phase was measured as described above, and the concentration
in octanol was calculated as the difference between total and aqueous
phase concentrations. For hydrophilic uptake substrates with apparent,
Pam << 1, the octanol phase content was determined by reextracting this
phase with an equal volume of 1 mM HCI. The concentration in the
initial aqueous phase was obtained by subtraetion.

Drug concentrations and volumes of the aqueous buffer and octanol
phases were adjusted to give final concentrations in the 1-10 uM range
in the aqueous phase for hydrophobic compounds or in the organic
phase for hydrophilic compounds. Usually, five different concentrations
were used. At the total concentration used for hydrophobic compounds
(10-5000 pm), nonspecific adsorption on plastic tube walls could he
neglected; however, these compounds were more strongly adsorbed to
the plastic cones used to pipette the aqueous phase at pH 7.5, and the
cones were thus routinely washed with 1 mm HC).

Chromaffin granule membrane/buffer apparent partition
coefficient (apparent P, ). Nonspecific adsorption of drugs to chro-
maffin granule membranes was determined in 20 mM Hepes (Na)
buffer (pH 7.5) at 20°. Drugs were added to 50-200 ] of membranes in
a Beckman Ultraclear Airfuge tube. After stirring for 1 min, the mixture
was centrifuged for 20 min at 180,000 X g and the free drug in the
supernatant was assayed as described above. Drug adsorbed to the
membranes was obtained as the difference between total and free drug.
Each experiment was performed as rapidly as possible to minimize
time-dependent adsorpiion of the ligand onto centrifuge tube walls.

Membrane concentration was adjusted in such a way that 20-80%
of the drug was adsorbed to the membrane. For each compound, the
experiment was performed at several drug concentrations, and it was
verified that the apparent partition coefficient was independent of
membrane and drug concentrations. With the exception of TBA, the
concentrations used were 3 orders of magnitude larger than the K, for
specific binding of the drug to the monvamine transporter. Specific
binding could thus be neglected under these conditions. For ["H|TBA
at low concentrations, the mapoamine transporter was saturated by 5
uM TBZ.

The membrane/buffer apparent partition coefficient, P, a, expressed
in ml/g of membrane protein, was derived from the experimental data
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according to the equation, Pga
[Membrane concentration],

The apparent concentration rat
hydrophobic phospholipid bilayer
P using a value of 1.30 ml/g of o
the phospholipid bilayer in chromg
was calculated using figures of 2.1
the phaspholipid content of chrom
for the mean length of a phospholiy

= [Adsotbed drug]/[Free drug] X

0 between the buffer phase and the
phase was tentatively deduced from
nembrane protein for the volume of
ffin granule nembranes. This value
B muwmol/g of membrane protein for
affin granule membrane’ (20), 2 nm
bid acyl chain, and 2 % 10° phospho-

TABLE 1

Effect of substrates and inhibitors on [*H]TBZOH binding

Compound

lipid molecules/um? for the phospholipid surface density in a bilayer.

Results

Effect of drugs on [FHITBZOH binding. We investigated
the effects of 15 different compounds (see formulas in Fig. 1)
on [*H]TBZOH binding to chromaffin granule membranes.
[*H|TBZOH displacement cunves are shown in Fig. 2. Com-
pounds 1-4 are classical monpamine substrates of the trans-
porter (5-HT, noradrenaline, adrenaline, and tyramine), which
have a Ky, in the uM concentration range; compound 6, MIBG,
is an adrenal medulla imaging agent, which has recently been
shown to be a substrate of thel monoamine transporter (Ky =
10 uM) and to have a higher affinity for site T than endogenous
substrates (21). Compound 5 is reserpine, which inhibits ATP-
dependent manoamine uptake in the sub-nM concentration
range. Compounds 7-13 are various derivatives of TBZ. Com-
pounds 14 and 15 are, respectively, haloperidol and chlorpro-
mazine, which inhibit the transporter in the M concentration
range. A Hill plot of the data of Fig. 2 indicated Hill coefficients
ranging from 0.82 to 1.19. It wds thus assumed that EC;o values
derived from this experiment and indicated in Table 1 reflected
a simple competition process, following a Michaelis-Menten
model. The results of Table 1 indicate a large range of affinity
for site T, ECy values differing by more than 5 orders of
magnitude from TBZ to substrates.

It may be noted that site T| has some sterospecificity since
the two diastereoisomers obtained by reduction of the keto
group of TBZ, «- and 8-TBZ(H, have a different affinity for
the monoamine transporter (Hig. 3). ¢-TBZOH has a 3- to 4-
fold higher affinity for site T than 8-TBZOH (Table 1, Fig. 3).
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Fig. 2. Displacement of [*H]TBZOH by various substrates and inhibitors
of the monoamine transporter. The numbers refer to compounds listed
in Table 1. The Hil coefficients 4nd the linear regression coefficients
derived from a Hill plot of the data were: 1, =1.19 {[r = 0.99, n = &); 2,
~1.10(r=0.97,n=8) 3, -0.87(1 =0.97. n=6), 4, ~0.82 r = 0.96,n
=6};8, -103(r=099. n=6);8 ~1.07(r=099, n=7).7 -094{
=0989.n=8).8 -090(=09.n=28),9-100(=09.n=7)
10, -0.93 (r=099,n=75);, 12, -p.92 (r = 0.99,n = 7); 13, ~0.87 (r =
099, n=28),14,~1.12(r=099,n=7), 15, -1.19 (¢ = 0.91,n = 6).

'D. Scherman and J, P. Henry, unpublished data.

Type* [BTBZOH binding, ECsa
No. Name
Y o
1 5-HT S 330
2 Noradrenaline S 1000
3 Adrenaline S 1000
4 Tyramine 5 1000
S Reserpine l 0.3
6 MIBG 5 26
7 BZ I 0.003
8 a-TBZOH I 0.006
9 8-TBZOH | 0.020
10 Acetyt TBZOMH | 0.006
11 TBA l 0.047°
12 TBZNH, | 0110
13 Succinyl TBZOH i 2.5
14 Haloperidol | 40
15 Chiorpromazine I 8.0
* 5, substrate; 1, inhibitor,
2 Taken from Ref. 14.
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Fig. 3. a- and g-{*H]TBZOH binding isotherms. Membranes (12 ug of
protein/mi) were incubated for 2 hr at 25° in 0.3 m sucrose/10 mm Hepes
(Na), pH 8.0, with various concentrations of - and 8-[*H]TBZOH. A. -
[*H]TBZOH binding in the absence (@) or presence (O) of 1 um TBZ. B.
A-PHITBZOH binding in the absence (A) or presence (A) of 1 um TBZ.
C. Scatchard plots of a-{*H]TBZOH (@) and §-[*H]TBZOH (A}-specific
binding. Characteristics of the binding were: for «-TBZOH (@), K, = 2.0
M and B = 59.5 pmol/mg of protein {r = 0.967); for B-*H]TBZOH
{A), Kp = 7.9 nm and Bnm,.. = 60.5 pmol/myg of protein {r = 0.982).
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Octanol/buffer and membrane/buffer apparent parti-
tion coefficients. The octanpl/buffer partition coefficient of
the investigated substrates and inhibitors of the monoamine
transporter was determined. Since the partition coefficient of
the protonated and the nonprotonated forms of these basic
compounds are different (19),|partition experiments were per-
formed at pH 7.5, the pH value chosen for ["HJTBZOH dis-
placement experiments, and the results were expressed as an
apparent partition coefficient at that pH value, P,, describing
the partition of the studied jmolecule, both protonated and
unprotonated (Table 2). Uptake inhibitors concentrated in the
organic phase, thus indicatingE a marked hydrophobicity. For
these compounds, nonspecifi¢ adsorption to the mermbrane,
observed under conditions where specific TBZ-binding sites on
the transporter were saturated, was also measured. It was
expressed as membrane/buffer apparent partition coefficient,
P (Table 2).

For reserpine and most of|the TBZ derivatives, apparent
P,pand Py, were correlated (p < 0.01; r = 0.974, n = 5). The
slope of the regression line [%SE) is 0.59 + 0.08 (Fig. 4).
However, when data for halopéridol, chlorpromazine, and TBA
were included, no correlation was observed (p > 0.25); for these
three compounds, the observed apparent Py, is larger than 0.6
times P, This point will be discussed below. ‘

Relationship between the apparent affinity of the li-
gands for site T and their ¢octanol/buffer apparent par-
tition coefficient, For TBZ derivatives and substrates of
uptake, there was an excellent forrelation between the ECy, for
[*HITBZOH displacement andrthe apparent £P.p. On a log-log
plot (Fig. b), the regression line corresponding to these com-
pounds (Fig. 5, solid circles) had a slope (£SE) of —1.069 +
0.083 (r = 0.971; p = 0.0001). This plot indicated a linear
reciprocal relationship betweer‘l EC, and apparent P,4. From
the y axis intercept (0.675 £ 0/169, SE), the following relation
was deduced:

EC., x apparent P, = 4.7 uM (1)

TABLE 2
Octanol/Butfer and membrane/byffer apparent partition
coefficients
Results are the mean of 5-10 deterrminations.

Compound Octanol /buffer
~ appagent {?aniﬁon aDDa!g:!m gﬂi{)bgf:;mm
No. Name coefficient P
(Fom)
mifg of protein

1 5-HT 0.0135

2 Noaradrenaline 0.0050

3 Adrenaline 0.0028

4  Tyramine 0.048

5  Reserpine 5,200 3,270

8 MBG 15

7 TBZ 480 403

- TBZOH® 105 130

8 o TBZOH 189

9  A-TBZOH 52
10 Acety) TBZOH 1,900 612
11 TBA 103 6,120
12 TBZNH; B4 217
13 Succinyl TBZOH 0.6
14  Haloperidol 534 2,300
15  Chlorpromazine 1,315 10,950

« —, unfractionated mixiure of v and 3|isorners {70:30).

3000 j= \D

Pm/b

1000 j=

-

1 ] ] ] 1
0 1000 3000 5000

Posp

Fig. 4. Correlation between octanol/buffer (P..) and membrane/buffer
{Pnn) apparent partition coefficients. Data for TBZ, TBZOH, acetyl
TBZOH, TBZNH;, and reserping obtained from Table 2 are plotted. The
line was fitted to the points by a least squares analysis (r = 0.974. p =
0.01).

ECsn for [BH}TBZOH displacement, yMm

1 I | | A- |

107 1072 10" 1 10 10 10°

Apparent partition coetficient Py

Fig. 8, Caorrelation between octanol/buffer (P,x) apparent parition coef-
ficient and ECs for [PHTBZOH displacement. Data were taken from
Tables 1 and 2. @, substrates of uptake and TBZ derivatives; B,
reserpine, haloperidol, and chlorpromazine. Characteristics of the regres-
sion line derived from data on substrates of uptake and TB2Z derivatives
(®) were: r = 0.971, p = 0.0001; slope (£SE) —1.069 + 0.083; y axis
intercept: 0.675 + 0.168 (+5E).

This relationship is valid for the various TBZ derivatives
tested, the apparent P,; of which extends over a range of 3
orders of magnitude. Moreover, the relationship is also valid
for the substrates of the transporter, which are less hydrophobic
than TBZ derivatives, thus extending the validity domain of
the correlation to 5 orders of magnitude in apparent [°a.
Among the substrates, tyramine and MIRG are located above
the line. For these two compounds, EC;, values are about 10
times larger than those calculated from relation 1 (Eq. 1).

The regression line thus obtained does not fit the points
corresponding to reserpine, chlorpromazine, and haloperidol,
which are indicated by the solid squares in Fig. 5. The affinity
of these compounds for TBZ-binding sites cannot be deacribed
by Fq. 1, which would underestimate their ECs, by 3 orders of
magnitude.

Discussion

QOctanol/buffer and membrane/buffer apparent parti-
tion coefficients, The octanol/buffer system has been pro-
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posed as a model to study the apparent partition of hydrophobic

compounds between aqueous

buffers and biological membranes

(22). The apparent Pop, is generally proportional to the appar-
ent P, derived from nonspecific adsorption to membranes

(22). We have observed such

1 linear relationship for reserpine

and for most of the TBZ derjvatives (Fig. 4). For TBA, halo-

peridol, and chlorpromazine,
is larger than predicted from

apparent membrane partitioning
apparent F,,. A similar behavior

of chlorpromazine has been reported in the study of the eryth-
rocyte membrane (22). This hehavior of chlorpromazine might

be attributed to ionic interac

ions between the drug and mem-

brane proteins, since apparent P, decreases with increasing
ionic strength (23). Such an interpretation might also be pro-

posed for TBA, which bear

apparent P, which, contrary

8 three amine functions. Thus,
to apparent Pop, is not affected

by these ionic interactions, seems to reflect bettar the lipo-
solubility of a compound and, hence, the concentration ratio
between the aqueous buffer and the membrane phase.

It must be noted that, fo

r chlorpromazine, the apparent

P.s in chromaffin granule membranes is similar to that re-
ported in erythrocyte membnanes, when measured under the

same low ionic strength cond
units. A value of 3200 ml/g ¢
erythrocyte membranes (23)
weight was caleulated for chy
suming for the latter a figure
g of protein (20).

Another advantage of the
can be used to estimate the
monoamine substrates. To d
compounds from nonspecific
be difficult, since substrates
closed structures. Adrenaline
low lipophilicity {Table 2).
lipophilic, thus accounting for

tions and expressed in the same
Ilry weight has been reported for
and a value of 4200 ml/g dry
omaffin granule membranes, as-
of 3.4 g of membrane dry weight/

octanol/buffer system is that it
liposolubility of the hydrophilic
erive an apparent P, for these
adsorption to membranes would
are transported and trapped by
noradrenaline, and 5-HT have a
Myramine and MIBG are more
the lower plateau value of uptake

ohserved with these two compounds (10, 21): influx rates are

comparable to that of catec
rates are higher for the lipop
through the lipid bilayer,

binding site. The major fi

holamines and 5-HT, but efflux
hilic compounds, due to diffusion

ding of this work is the large

Intrinsic affinity of subs:F\rates and inhibitors for TBZ-

validity domain of the linear,
reciprocal of apparent P, an
ment (Fig. 5). This correlatig
1), which may be formulated i
following the correlation (TH
competitive inhibitors of [*}
shown (11, 24) and as indicat
2). For these displacers, ECs
according the the Cheng and
experimental conditions, K,
correlation between ECs, anl
mulated as:

K, X appare

If we assume, as discuss
reflects the liposolubility of
(Eq. 2) suggests that site T e
in the membrane phase, and

correlation existing between the
d ECs, for [PHJTBZOH displace-
n is described by relation 1 (Eq.
n a different way. The compounds
7 derivatives and substrates) are
1JTBZOH binding as previously
ed hy their Hill coefficients (Fig.
and K, values are proportional,
Prusoff formula (25). Under our
is about 0.6 times the ECs,. The
d apparent P, can now be for-

nt P.p, = 2.8 uM (2)

d before, that the apparent P,
the compounds, then relation 2
juilibrates with the ligand present
hat this site has the same “intrin-

sic” affinity for all compounds located on the correlation line

O

}

17 1
b

of Fig. 5. The corresponding equilibrium dissociation constaht,

Kp jurinsic, 18 related to the apparent K, by the relation: \Q

where R..p, is the concentration ratio between the buffer and
the hydrophobic phospholipid bilayer phase. This ratio can he
tentatively derived from Pnp values (see Materials and Meth-
ods), and we find for TBZ derivatives and for the natural
substrates of uptake an approximate value of 1 uM for Kp iurinsic-

Relation 2 (Eq. 2) thus suggests that all compounds located
on the correlation line have the same “intrinsic” affinity for
site T, about 1 uM, although their apparent affinities are very
different. For these compounds (natural substrates and TBZ
derivatives), true differences in affinity cannot be completely
ruled out, However, a fortuitous correlation over 5 orders of
magnitude is unlikely. The diversity of the apparent dissocia-
tion constants may thus be attributed to differences in the
concentration ratio between the aqueous and membrane
phases.

Activity-structure relationship. The experimental data
suggest that 5-HT, adrenaline, noradrenaline, and TBRZ deriv-
atives have the same “intrinsic” affinity for site T. Tyramine,
which lacks one phenol group, and MIBG, which is neither a
catechol nor an amine, have an intrinsic affinity which is
decreased by only a factor of 10. The structural differences
between these compounds are thus not critical for their specific
interaction with the binding site. Accordingly, site T has a
broad specificity and recognizes only a few elements of the
ligand molecules. An aromatic ring and a basic function pre-
cisely located with respect to the aromatic ring may be the only
structural requirements. It is interesting to note that the ap-
parent stereoselectivity observed with o and 8 isomers of
TBZOH (Fig. 3) is accounted for by a difference in the apparent
P.j, of these isomers (Fig. 5).

Reserpine, haloperidol, and chlorpromazine have very large
values of the product Ky, X apparent P, . This difference with
the other molecules tested (about 3 orders of magnitude) indi-
cates a low intrinsic affinity for site T\ For reserpine, this result
confirms the existence of a low affinity binding of this com-
pound to site T (12). It should be pointed out that high affinity
reserpine binding requires membrane energization by ATP (12,
13), and that about 80% of that binding is lost with the type of
preparation used (26). Thus, competition between TBZ and
reserpine for binding on their respective high affinity site
cannot be analyzed with the type of preparation used. The low
“intrinsic” affinity of chlorpromazine and haloperidol may have
a different origin. Inhibition of catecholamine uptake and of
["H}'TBZOH binding by these two drugs occurs in the uM range,
where a detergent-like action of these compounds has been
reported (10). Moreover, it has been suggested that chlorpro-
mazine inhibits catecholamine uptake by affecting the mem-
brane permeability rather than by competitively inhibiting the
monamine transporter (27). Thus, a 3-order of magnitude lower
“Intrinsic” affinity of chlorpromazine and of haloperido! may
simply reflect their nonspecific action,

The fact that site T is in equilibrium with the ligand in the
membrane phase might also explain the pH dependence of TBZ
and TBZOH apparent affinity (19, 24). The unprotonated form
of these amines hag a larger apparent P,, value than the
protonated form, thus resulting in an increase with pH of the
ligand concentration in the membrane phase. This increase in

Kpinwinic = Kp X R




turn might account for the aj
binding site with the pH,

In conclusion, the apparen|
may be explained by the hy
rather than by structural diffe
substrates. OQur results sugge
ing site inside of the membra?ne.
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ABSTRACT: An azilo derivative of tetrabenazine, a specific inhibitor of the monoamine carrier of chromaffin
granule membranes, has been synthesized. In the dark, this compound, *H-labeled N-(3-isobutyl-9,10-
dimethoxy-1,2,3,4,6,7-hexahydro-11bH-benzo[a}quinolizin-2-yl)-4-[(4-azido-2-nitrophenyl}amino] butanamide
([*H]TBA), bound reversibly to purified chromaffin granule membranes. Centrifugation through SP-
was used to separate bound and free [*H]TBA. This technique gave low levels of
nonspecific binding and allowed recovery of [*H]TBA-membrane complexes. Scatchard analysis of the
data indicated one class of sites with an equilibrium dissociation constant Xy, of 50 nM and a density of
sites of 40-50 pmol /mg of protein, consistent with reported densities of reserpine and dihydrotetrabenazine
binding sites. Competition experiments showed that TBA and tetrabenazine bound to the same site.
Irradiation at 435 |nm of [*H]TBA~membrane mixtures induced some irreversible binding of the probe to

Sephadex column

membranes. Afte

irreversible binding of TBA, the number of dihydrotetrabenazine binding sites was

decreased, indicating that the probe was covalently bound to the monoamine carrier. [*H}TBA-membrane
complexes isolated|by centrifugation through SP-Sephadex columns were irradiated, and their radioactivity
was analyzed by glectrophoresis on sodium dodecyl sulfate/polyacrylamide gels. A polypeptide with a
molecular weight of 70 000 was Jabeled. This polypeptide was different from dopamine 8-hydroxylase, and
it was not adsorbed on concanavalin A—Sepharose. It is proposed that the monoamine carrier of chromaffin
granule membrang has an oligomeric structure, involving a 45K subunit [Gabizon, R., Yetinson, T., &
Schuldiner, 8. (1982) J. Biol. Chem. 257, 15145] and a 70K subunit,
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conditions of its solubilization have been defined (Maron et
al,, 1979; Isambert & Heonry, 1981; Scherman & Henry,
1983a). Nevertheless, because of the difficulty of the puri-
fication, we have attempted the identification of TBZ binding
sites by the technique of photoaffinity. Our probe is N-(3-
isobutyl-9,10-dimethoxy-1,2,3,4,6,7-hexahydro-11bH-benzo-
[a]quinolizin-2-y1)-4-[(4-azido-2-nitrophenyl}amino] butan-
amide (TBA), a derivative of TBZ coupled to an arylazido
moiety. In this paper, we present the results of these photo-
labeling experiments as well as some methodological im-
provements to the technique. A communication with a similar
aim has appeared in the literature (Gabizon et al,, 1982), In
this work, the probe was a derivative of 5-HT, a substrate of
the carrier.

EXPERIMENTAL PROCEDURES

Chemicals. TBZ and reserpine were obtained from Fluka
(Buchs, Switzerland). Sodium cyano[*H]borohydride (98.8
mCi/mg), 1-[7,8-*H]noradrenaline (8 Ci/mmol}, and C-
methylated protein mixture were obtained from Amersham
International (U.K.). [2,3-*H]-y-Aminobutyric acid was from

! Abbreviations: TBA, N-(3-isobutyl-9,10-dimethoxy-1,2,3,4,6,7-
hexahydro-11bH-benzo{g]quinolizin-2-yl)-4-[(4-azido-2-nitrophenyl)-
amino]butanamide; TBZ, tetrabenazine (2-oxo-3-isobutyl-9,10-dimeth-
oxy-1,2,3,4,6,7-hexahydro- 1 1bH-benzo[alquinolizine); TBZOH, di-
hydrotetrabenazine (2-hydroxy-3-isobutyl-9,10-dimethoxy-1,2,3,4,6,7-
hexahydro-11bH-benzo[a]quinolizing}; [*H|TBZOH, [2-'I1]dihydro-
tetrabenazine; TBZNH;, 2-amino-3-isobutyl-9,10-dimethoxy-
1,2,3.4,6,7-hexahydro-11bH-benzo[a]quinolizine; NAP-GABA, N-(4-
azido-2-nitropheny!)-4-aminobutyric acid; TLC, thin-layer chromatog-
raphy; HPLC, high-performance liquid chromatography; Tris, tris(hy-
droxymethyl)aminomethane; Hepes, N-(2-hydroxyethyl)piperazine-N'-
2-ethanesulfonic acid; EDTA, ethylenediaminetetraacetic acid; SDS,
sodium dodecyl sulfate; DTT, dithiothreitol; DBH, dopamine g-hy-
droxylase.

06-2960/85/0424-3660%01.50/0 © 1985 American Chemical Society




TOLABELING OF

:A (Saclay, France). Spphadex G-50 (medium) and SP-

Sephadex (C-50) were purchased from Pharmacia (Uppsala,

Sweden).
Synthesis of TBZNH,.

TBZ (0.3 mmol) and ammonijum

acetate (1.5 mmol) were irjcubated with sodium borohydride

(0.18 mmol) in 10 mL of

methanol (dried on 3-A molecular

sieves) for 4 h at room temperature. TBZNH, was purified
by TLC on preparative silica gel plates using CHCly-methanal
(8:2) as the developing solvent and methanol to extract the
product from the plates. The two isomers migrated distinctly
(R;0.3 and 0.4), but generally they were not extracted sep-

arately. Primary amine
nitrobenzenesulfonic acid

reactivity was measured with tri-
Inman & Dintzis, 1969) and was

found to be equivalent to the product concentration estimated

from UV spectra by using
€185 = 3600 M- cm™ in

a molecular absorption coefficient
methanol; yield 50%; mass spec-

THE MONOAMINE CARRIER

troscopy, M* = 318; base|peak m/z 244 (M* — NH; ~ iso-
butyl).

Synthesis of [2-*H| TBZNH,. TBZ (6 pmol) and ammo-
nium acetate (60 pmol) were incubated with 10 mCi (1.6
umol) of cyano[*H]borohydride in 0.18 mL of dry methanol
for 30 min at room tempetature. The reaction mixture was
purified by HPLC on a €3 uBondapak column (Waters,
Milford, MA) with methanol-10 mM (NH,)CO,H (70:30)
as the solvent. The two isqmers were eluted at 16 (isomer I,
1.1 mCi) and 21 mL (isomer I, 1.3 mCi); they were collected
and lyophilized separately.| Both had similar specific activity
(2.3 Ci/mmol). :

Synthesis of TBA. 4-Flporo-3-nitropheny! azide was pre-
pared from 4-fluoro-3-nitroaniline (Fleet et al., 1972). It was
coupled to 4-aminobutyric acid essentially as described by Levy
(1973) to give NAP-GABA. This compound was recrys-
tallized from ethanol., NAP-GABA was activated by N-
hydroxysuccinimide. Brief]y, dicyclohexylcarbodiimide (0.83
mmol) was slowly added tg a mixture of NAP-GABA (0.75
mmol) and N-hydroxysucdinimide (0.83 mmel) in 20 mL of
dry tetrahydrofuran, The mixture was stirred overnight at
room temperature, Acetic|acid (0.08 mmol) was added, and
solids were filtered off. The solution was dried in vacuo over
P,0;. The product, NV-guccinimidyl 4-[(4-azido-2-nitro.
phenyl)amino] butyrate, wagq about 90% pure as judged by TLC
on silica gel plates with CHCl;-methanol (10:1) as the de-
veloping solvent. This system separated NAP-GABA (R,
0.23) from the succinimidyl derivative (R, 0.68). The suc-
cinimidyl derivative was then coupled with TBZNH,. Ina
typical experiment, the actiyated NAP-GABA derivative (2.4
umal) and TBZNH, (2.0 gmol) were incubated in 0.2 mL of
dioxane-H,0 (4:1) for 3 h at room temperature. The reaction
mixture was dried under a|stream of argon, and the residue
was solubilized in methandl and purified by HPL.C ona Cy4
uBondapak column with (methanol-10 mM (NH)CO;H
(70:30) as the solvent and 4 UV detector operating at 260 nm.
The coupled product was detected by monitaring the absorp-
tion of the azidophenyl mioiety and by the radioactivity of
tracer amounts of [PH]TBEZNH,. Two products were eluted
at 7.8 (compound 1) and 9|9 mL (compound II), which con-
tained equivalent amounts of TBZNH, and arylazido moieties.
Experiments with isclated isomers of TBZNH, indicated that
the two products were isomgrs. Compound 1T (yield 35%) has
been used in all subsequent experiments. Its concentration
was estimated by using a miolecular absarption coefficient e,
= 5900 M~} cm™! in methanol.

Synthesis of PH)TBA. |(1) [PH)TBZNH,-Labeled TBA.
Isomer 11 of PTH)TBZNH,| (0.58 umol, 1.3 mCi) was reacted
with the succinimidyl derivative of TBA (0.6 umol), and the
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resulting [PH]TBA was purified as described above. [PH]TBA
(1.9 Ci/mmol, yield 29%) was stored in methanol at ~80 °C.
Its purity was periodically checked by HPLC.

(2) [P"H1GABA-Labeled TBA. 4-Amino-[2,3-3H]butyric
acid (1 gmol, 5 mCi) was incubated with 4-fluoro-3-nitro-
phenyl azide (4umol) and triethylamine (4 pmol) in 30 L.
of dimethyl sulfoxide at 70 °C overnight. The mixture was
lyophilized, and *H]NAP-GABA was purified by HPLC with
methanol-acetic acid—H,0 (60:1:40) as the solvent. [*H]-
NAP-GABA (0.6 umol) was eluted at 11 mL and was Iyo-’
philized, [PH]NAP-GABA was incubated with N-hydroxy-
succinimide (1.2 umol) and dicyclohexylearbodiimide (1.2
umol) in 50 uL of dry tetrahydrofuran at room temperature
overnight, The vial was then dried under a stream of argon.
TBZNH, (2.5 umol) in 100 2L of tetrahydrofuran—H,0 (3:1)
was added, and the mixture was incubated at room temper-
ature. After 3 h, it was dried under argon and purified by
HPLC with methanol-30 mM (NH)CO,H (80:20) as the
solvent. Isormer 1T of [*H]TBA (0.12 umol, 0.57 mCi) was
eluted at 10 mL.

In photolabeling experiments, [*H]TBZNH-labeled and
[PH]GABA-labeled TBAs were tried and gave similar results.
Most of the experiments described (with the exceptions of those
of Figure 5 and Table II) were performed with the latter
compound.

Chromaffin Granule Membrane Preparation. Bovine
chromaffin granule membranes were prepared by osmotic lysis
of granules isolated by centrifugation on-a 1.6 M sucrose layer.
Unless indicated, membranes were frazen in liquid nitrogen
and were stored at —80 °C (Smith & Winkler, 1967; Giraudat
et al,, 1980),

[H)TBA Binding. Membranes (0.01-1.0 mg of protein/
mL) were incubated at room temperature with various con-
centrations of [PH]JTBA in 0.3 M sucrose/20 mM Tris—
phosphate buffer (pH 7.0). Usually, bound ligand was mea-
sured by centrifugation through SP-Sephadex C-30. The gel
was equilibrated in the same buffer, poured into 1-mL plastic
syringes, and dehydrated by centrifugation at 500 g for 2 min
at room temperature (Penefsky, 1977; Pick & Racker, 1979).
Samples (0.2 mL) were added to the dehydrated gel and were
centrifuged in the same way. Larger samples (1.0 mL) were
centrifuged through 3.0 mL of gel with the same results.
When nonspecific binding was measured, 7 pM TBZ was
added to the incubation mixture, and the gel was equilibrated
in the presence of 10 uM TBZ. In some experiments, filtration
through C,; Sep-pak cartridges (Waters, Milford, MA) were
used to adsorb free [*H]TBA. Before being used, the cartridge
was washed with 2 mL of methanol, 20 mL of H,0, and 20
mL of buffer. The sample (0.5 mL) was filtered smoothly,
and the resin was washed by 1.5 mL of buffer. The yield of
[*H]TBA-membrane complex obtained by this technique was
low (about 25%); it was increased by filtering three samples
of membrane proteins before the {’H]TBA-membrane com-
plex.

SDS/Polyacrylamide Gel Electrophoresis. [*H]TBA-
membrane complexes (1 mL) were prepared by centrifugation
through SP-Sephadex gels. They were collected in plastic
cuvettes and immediately placed in front of 2 monochromator
set at 435 nm (Bausch & Lomb, equipped with an SP-200
mercury light source). Samples were illuminated for 2.5 min
at room temperature with stirring. They were diluted to 5 mL
with 10 mM Hepes buffer (pH 7.0). The pellets were ex-
tracted by 5 mL of ethanol-acetone (1:1), centrifuged at
250000¢ for 20 min, and solubilized in 0.22 mL of a 50 mM
phosphate buffer, pH 7.0, containing 2% 8DS, 12% sucrose,
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FIGURE 1: Inhibition by TBA of [*H]TBZOH binding. Membranes
(0.014 mg of protein/mL) were preincubated in the presence (A) or
absence (O) of 85 nM TBA for | h at room temperature in 1.0 mL
of 20 mM Tris—phosphate buffer (pH 7.2) containing 0.3 M sucrose,
(*HITBZOH (0.78~20 nM) was then added, and the mixture was
incubated for 90 min at the same temperature. Bound [*H]TBZOH
was determined by filtration ¢n Millipore filters, Nonspecific binding
was measured by addition of 2 uM TBZ to the incubation mixture
and was subtracted, Points|are mean of duplicate determinations.

30 mM DTT, and 6 mM EDTA. Aliquots (100-200 L) were

subjected to disc electroph
(1969) on 7.5% polyacryl
or to Laemmli (1970) on
4 mA per gel. Ethanol-ag

resis according to Weber & Osborn
mide gels for 3 h at 15 mA per gel
8% polyacrylamide gels for 2 h at
etone extraction did not change the

electrophoresis pattern (Sytton & Apps, 1981). The gels were

then sliced in 2-mm frac
was eluted by 0.8 mL of

ions, from which the radioactivity
6 M urea and 1% SDS (Buisson et

al., 1976) and measured by scintillation after addition of 7 mlL.
of Aqualuma (Lumac, Sghaesberg, Holland).

Other Techniques. ATP-dependent [*H]norazdrenaline
uptake was measured egsentially as described by Phillips
(1974), P*H]TBZOH binding as described by Scherman et
al, (1983), and DBH activity as described by Wallace et al.
(1973). Proteins were estimated by the Lowry procedure with
bovine serum albumin as|a standard following precipitation
in 5% trichloroacetic acjd and redissolution in 2% deoxy-
cholate-3% NaOH. Phospholipid estimation was done by
assaying inorganic phosphate liberated by perchloric acid
hydrolysis.

RESULTS

TBA and TBZOH Bynding Occur on the Same Site.
[*H]TBZOH binding hag been studied in the presence of a
constant concentration of TBA, in the dark (Figure 1). A
Scatchard plot of the datd indicated that the addition of TBA
decreased the binding of [*H}TBZOH, without affecting the
number of binding sites Bp,,. This result indicates that the
two drugs compete for the same site. From these data, the
equilibrium dissociation constant for the binding of TBA was
also calculated and was found to be 47 nM. The two drugs
thus bind to the same site,and the affinity of this site for TBA
is an order of magnitude lower than for TBZOH.

Centrifugation throu
[*H)TBA Binding in the
TBA to purified chromaf’

h Sephadex Gels as an Assay of
Dark. The direct binding of [*H]-
[in granule membranes was difficult

to investigate by the classical filtration technique, because of

the high background due

to ligarid adsorption on cellulose or

glass-fiber filters. Therefore, the bound complex was separated

Y
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FIGURE 2: Satfuration isotherm obtained by filtration of the ligand
through SP-Sephadex columns. Membranes (0.15 mg of protein/mL)
were incubated with [*H]TBA (5-500 nM) in the absence (D) or
presence (O) of 5 uM TBZ for 40 min at room temperature in 0.2
mL of 20 mM Tris~phosphate buffer (pH 7.0) containing 0.3 M
sucrose. Inset: Scatchard plot of the data.

from the free ligand by low-speed centrifugation through
Sephadex gels (Penefsky, 1977; Pick & Racker, 1979). In this
technique, the gel is dehydrated by a previous centrifugation
under the same conditions, thus suppressing dilution of the
sample. We found that the negatively charged SP-Sephadex
gave better retention of free [’H]TBA than did the neutral
Sephadex G-50. In the absence of granule membranes, 2%
or less.of the layered radioactivity was recovered in the void
volume, whereas under the same conditions of centrifugation,
the recovery of the membrane protein was higher than 90%.
To evaluate the validity of the centrifugation technique for
the quantitative estimation of bound ligands; a saturation
isotherm of the binding of [PH]TBZOH was performed by this
technique. A Scatchard plot of the data indicated a disso-
ciation equilibrium constant K of 2.0 nM and a density of
sites By, of 27 pmol/mg of protein, which should be compared
with values of 1.4 nM and 45 pmol/mg of protein for re-
spectively K, and B, obtained by filtration on Millipore
filters (Figure 1). The technique of filtration through SP-
Sephadex gels has thus been utilized to study [*H]TBA
binding (Figure 2). The binding observed in the presence of
7 uM TBZ has been considered as nonspecific and has been
subtracted to estimate specific binding. A saturation isotherm
obtained by this technique is given in Figure 2. Analysis of
the data (Figure 2, Inset) showed one class of binding sites
characterized by a X, of 43 nM and a B,,,, of 50 pmol/mg
of protein.

Characteristics of [*H|TBA Binding in the Dark. At room
temperature, the equilibrium was reached rapidly, about 20
min being required at a concentration of 100 nM. The
equilibrium was temperature dependent; the level of [*H]TBA
binding observed at 22 °C decreased by a factor of 2 after a
10-min incubation at 0 °C. The kinetics of dissociation were
measured by addition of 8 uM TBZ to membranes preincu-
bated with 80 nM [*H])TBA. In this experiment, free and
bound ligands were separated by rapid filtration on small

O

¢!



61

FIGURE 3: pH dependency o
mg of protein/mL) were inc

pH

[PH]TBA binding. Membrane; (0.6
ubated with [*H]TBA (60 nM) in 0.5

mL of 0.3 M sucrose/ 20 mM| Tris-phosphate buffers at various pH,

in the absénce or presence of
of bound [*H]TBA were per

B uM TBZ. Duplicate determinations
formed by centrifugation through SP-

Sephadex columns equilibrated at the pH of the incubation mixture.
Centrifugation through Sephadex columns and filtration through Cg

Sep-pak cartridges gave simila

pH profiles of the specific radicactivity.

TiA winding , %X

(H]

FIGURE 4: Displacement of []
of protein/mL) were preincyl
room temperature in 0.5 mLJ

(18] (aM)

H]TBA by TBZ. Membranes (0.5 mg
bated with TBZ (0-90 nM) for 18 h at
of 20 mM Tris—phosphate buffer (pH

7.2) containing 0.3 M sucraosg. [*H]TBA (10 nM) was then added,
and the mixture was incubated for 2 h at the same temperature. Bound
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E. Table T: Displacement of [*H]TBA in the Dark® ) \

F WJ_ compounds ECyp (nM) Kp (nM)?

b TBZ 18 25 (1.3)

TBA 40 31

= reserping 55 42 (25) :

g _5.HT 360 x 107 277 X 10% (240 % 10%)

& wol- * .

< 4 Experimental conditions were as described in Figure 4, ® K, values

[+ were calculated from ECs as described by Jacobs et al. (1975). Fig-
. ures in parentheses are derived from Scherman el ali (1983) and
— | | A Scherman & Henry (1984), .

Table II: Irreversible Binding of [PH]TBA after Irradiation

incubations?

membranes + radioactivity

membranes + TBZ + specifically
membrane [PH]TBA ['H]TBA bound?.
treatment (pmol/mL) (pmol/mL)  (pmol/mL)
incubation in the 260 110 150
dark®
incubation and 3 3 0
extraction in the
dark?
incubation, irradiation, 34 14 20

and extraction®

“Membranes (0.96 mg of protéin/mL) were incubated with [°HJ-
TBA (1 «M) in the absence or presence of 8 uM TBZ for 45 min.
tCalculated as the difference between columns 2 and 3. ¢Bound
[*HJTBA was determined by centrifugation of 0.2-mL aliquots through
SP-Sephadex gels. “Samples centrifuged through SP-Sephadex col-
umns were extracted by 1.6 mL of ethanol-acetone (1:1) and centri-
fuged at 10000g for 50 min; the pellets were solubilized in 0.25 mL of
2% deoxycholate-3% NaOH, and their radioactivity was measured by
liquid scintillation in Aqualuma. *Samples centrifuged through SP-
Sephadex columns were rapidly transferred in front of the monochro-
mator set at 435 nm and irradiated for 2.5 min, The membranes were
then extracted by ethanol-acetone as in footnote 4. '

reported (Scherman & al., 1983; Scherman & Henry, 1984).

Irreversible Binding of [PH]TBA in the Light. When
["H]TBA~membrane complexes isolated in the dark by fil-
tration on SP-Sephadex gels were extracted by an ethanol-
acetone mixture (1:1), the specifically bound radioactivity was
campletely removed (Table II, line 2). This extraction removed
75% of the membrane phospholipid but did not extract any
protein (Sutton & Apps, 1981). If the PH]TBA-membrane
complex was rapidly irradiated at 435 nm after its isolation,
then some specific radicactivity was not extractable by ace-
tone—ethanol (Table IT, line 3). This formation of an irre
versible derivative was very reproducible, with a yield of 23
* 6% (mean £ SD, n = 16). The same result was observed
with [*H])TBZNH, labeled as well as with {*H]GABA-labeled
TBA. The kinetics of this reaction were rapid and under the
conditions used, it was terminated in less than 4 min (Figure
5).

It was important to verify that the irreversible binding oc-
curred on the same site as the reversible one. Advantage was
taken from the fact that TBA and [*H)TBZOH compete for
the same sites (Table IIT, lines 1 and 2). TBA can be washed
out by dilution and centrifugation, thus restoring *H] TBZOH
binding to its initial value (Table III, lines 3 and 4). If the
mixture of TBA and membranes was irradiated before the
washing step, a 20-30% inhibition of [*H}TBZOH binding
was observed (Table 111, line 5).

Analysis of the [PH|TBA-Labeled Membranes by Elec-
trophoresis on SDS/ Polyacrylamide Gels. As a first attempt
to identify [*H]TBA binding sites, mixtures of ["H]TBA and
membranes were irradiated at 435 nm, and the proteins were
analyzed by gel electrophoresis. By this technique no poly-
peptide chain was selectively labeled. This negative result was
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Table 11I: TBA Binds Covale

ntly to [*H]TBZOH Binding Sites

specific [PTH]TBZOH  inhibition®
binding® (cpm) (%)
(1) membranes® 3570 £ 260 (n = 3) control

(2) membranes + TBA®

(3) washed membranes?

(4) membranes + TBA,
washed?

(5) membranes + TBA,
irradiated, washed?

1210 £ 90 (n = 2) 66
2180 £ 100 (n = 4) control
2130 £ 250 (n = 4) 2

1620 + 90 (n = 4) 26
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diluted 10 times in 0.3 M sue
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Table IV: Decrease of [*H]TBA Nonspecific Bindinﬁ by
Centrifugation on SP-Sephadex Gels :

bound radioactivity?

(pmol/ml.)
specific
-TBZ +TBZ binding
reversible binding,? 212 4.5 16.7
membfanes + [PH]TBA
irreversible binding,” 10.2 8.2 2.0
irradiation of
membranes + [PH]TBA¢
irradiation of the 3.1 0.6 2.5
isalated ['H]TBA-membrane
complex*

“The columns give total binding (column 1), nonspecific binding
determined in the presence of 8 uM TBZ (coluthn 2) and specific
binding obtained as the difference between columns 1 and 2.
¥Membranes (1.0 mg of protein/mL) were incubated with [*H]TBA
(65 nM) in 0.3 M sucrose/20 mM Tris-phosphate buffer (pH 7.0).
Reversible binding was measured by centrifugation through SP-Seph-
adex columns. ©THe irradiated samples were washed and extracted by
ethanol—acetone, as described for gel electrophoresis. ?Irradiation of
[*H]TBA membrane mixtures for 2.5 min at 435 nm. Gel clectropho-
resis of these samples indicated multiple radicactlvity peaks with no
clear displacement by TBZ, ‘Irradiation of [*H]TBA membranc
complexes isolated by eentrifugation on SP-Sephadex gels as described
under Experimental Procedures. Gel electrophoresis of these samples
indicated a major pezk of radicactivity with a molecular weight of
about 65000,

o
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FIGURE 6: SDS/polyacrylamide gel electrophoresis of irradiated
[*H]TBA-membrane complexes. Membranes (0.8 mg of protein/mL)
were incubated with [*H]TBA (100 nM) in the absence (O) or
presence (0) of 7 uM TBZ in 0.3 M sucrose/20 mM Tris—phosphate
buffer (pH 7.0). Samples (1.3 mL) were processed us described under
Experimental Procedures. '*C-Labeled protein markers (A) were
mixed with the [PH]JTBA sample before electrophoresis. Electro-
pharesis was performed a¢cording to Weber & Osborn (1969). Marker
malecular weights were the following: myosin, 200K; phosphorylase
b, 92.5K; bovine serum albumin, 69K, ovalbumin, 46K; carbonic
anhydrase, 30K; lysozyme, 14.3K.

is likely to be due to free or lipid-bound [*H]TBA derivatives.
However, the possibility of the labeling of a minor peptide of
low molecular weight has not been investigated. Use of
chromaffin granule membranes prepared in the presence of
protease inhibitors (5 ug/mL soybean trypsin inhibitor, 100
ug/mL bacitracin, 1 mM berzamidine, 0.1 mM EDTA, 0.1
mM phenylmethanesulfonyl fluoride) did not change the
electrophoretic pattern, In addition, the same 70K polypeptide
was labeled when the experiment was performed immediately
after preparation of the membranes, on nonfrozen material.

We have attempted to decrease the duration of the time
required for the isolation of [*H}TBA-membrane complex.

e

)
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FIGURE 8: Gel electrophoresis of membranes labeled with [H]TBA
and filtered through concanavalin A-Sepharose. Membranes (0.5
mg of protein/mL) were incubated with 70 nM PH]TBA in 6.0 mL
of 0.3 M sucrose/20 mM Tris—phosphate buffer (pH 7.2). The sample
was centrifuged through SP-Sephadex gels, irradiated, and washed
as described under Experimental Procedures. The pellet was solubilized
by 2.0 mL of 0.07% SDS in 100 mM NaCl/100 mM phosphate buffer
(pH 7.4). The mixture was centrifuged at 160000g for 45 min, The
supernatant was filtered through concanavalin A-Sepharose gel as
described by Fischer-Colbrie et al. (1982). The filtrate was delipidated
and concentrated according to Wessel et al, (1984). The samples were
then analyzed by electrophoresis according to Laemmli (1970). The
electrophoretogram shows the radioactivity of gel slices and a den-
sitometric scan of Coomassie stained protein. Arrows indicate mo-
lecular weight markers: 1, phosphorylase b; 2, bovine serum albumin;
3, ovalbumin; 4, carbonic anhydrase,

that [*H]TBA specifically labels a minor component of the
membrane.

Di1sCUSSION

We describe the synthesis of a probe, TBA, intended to label
the TBZ binding site. The binding in the dark of *H]TBA
to chromaffin granule membranes has been followed by the
technique of centrifugation on Sephadex gels, ariginally pro-
posed by Pick (Penefsky, 1977). This technique has several
advantages over the classical filtration assay. The mem-
brane-ligand complex is obtained in solution and can thus be
easily manipulated. Moreover, the level of nonspecific binding
is low. In several experiments, we have verified that it was
not very different from the radioactivity recovered in the ab-
sence of granule membranes, thus suggesting that nonspecific
binding controls contained principally free ligand. Never-
theless, the reliability of the technique from the quantitative
point of view has to be assessed. From binding data obtained
at different [*H]TBA concentrations and assuming a Kp of
50 nM, we can calculate a density of sites &, of 38 £ 19
pmol/mg of protein (8D, n = 26). This figure can be con-
sidered as being in good agreement with that obtained by
filtration for [PHJTBZOH binding sites (Scherman ct al,,
1983).

[PH]TBA binds in the dark to the same site than TBZ since
(i) both drugs have similar densities of sites (Figures 1 and
2), (i) TBA inhibits competitively the binding of [*H]TBZOH
(Figure 1), (iii) TBZ displaces [*H}TBA from its sites (Figure
4), and (iiii) the dissociation constants of TBZ, reserpine, and
5-HT derived from [’H]TBA displacement experiments are
similar to those derived from [*H]TBZOH displacement ones
{Table I). The derivatization of TBZ to TBA has thus only
decreased the affinity of this new compound for chromaffin
granule membrane. This change of affinity may be the result

o
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of the introduction of an exXtra amino group in the TBZ moiety
since TBZNH, has an afffnity of the same order as TBA, as
judged from [*H]TBZOH displacement and noradrenaline
uptake inhibition experiments (data not shown). This amino
group is likely to have a pi, higher than 7.5, the pK, of the
ring tertiary amine of TBEOH (Scherman & Henry, 1982),
The observed affinity de¢rease might thus result from the
presence of a positive charge in the TBZ moiety, a hypothesis
consistent with the fact that the carrier binds only the neutral
form of substrate and inhibitor monoamines (Scherman &
Henry, 1983b). Though e have not systematically investi-
gated the acido—basic properties of TBA, we have noted a
difference in the pH dependency of [*H]TBZOH and [*H]-
TBA binding. Incrcasinénthc pH from 7.0 to 8.0 decreases
the Kp of the former drug from 7.0 to 4.7 nM {Scherman &
Henry, 1983b) and did ot change that of the latter one.

[*H]TBA binding in the dark is reversible. This is shown
by (i) the displacement off [PH]TBA by TBZ (Figure 4), (ii)

direct measurement of the rate of dissociatjon, and (iii) the

fact that the ligand can be
II) or washed away (Tab

extracted by organic solvents (Table
e III). Nevertheless, bound [*H]-

TBA can be separated from free ligand by rapid centrifugation
through SP-Sephadex columns since the half-lifetime of the

complex (7 min) is larger
(2 min). Under the condi

than the time required to isolate it
tions ysed (50-100 nM [*H]TBA),

it can be calculated that 80% of the particulate ligand is
specifically bound and th4t 80% of that fraction is present as
a membrane—ligand complex after centrifugation through

SP-Sephadex. These con
levels of specific labeling

ditions are thus suitable to get high
Irradiation of isolated [*H]TBA

complexes gives rise to some irreversible binding of the probe.
Irreversibly bound [*H])TBA is washed neither by dilution and

centrifugation (Table III)
Irreversible binding labe
weight of 70K (Figure 6
specific for the following

nor by organic solvents (Table II).
s a polypeptide with a molecular
. The labeling is considered to be
reasons: (i) Irradiation of TBA-

membrane complexes decreases the number of [P"H]TBZOH
binding sites and the number of [*H]TBZOH binding sites

photoinactivated is similar

to the yield of ["H)TBA irreversible

binding (Table IT1). Thiq result argues against a transfer of
the probe to a protein of the vicinity during isolation of

[*H]TBA-membrane com

plexes. Such an artifact is also ruled

out by the fact that the isqlation time can be decreased to less

than 135 s by filtration th

rough SiO; cartridges, without af-

fecting the labeling of the 70 k polypeptide. (ii) The peak of

radioactivity at 70K is no
added to the incubation

I observed when TBZ of 5-HT was
mixture before irradiation. In the

experiment of Figure 7, the concentration of TBZ is 7 uM,

but similar results were ¢
centration. (iil) A compal
of the protein stained wit|
TBA radioactivity profile
labels a minor componen
ciated in a nonspecific of
Since the major protein
DBII, has a molecular we
demonstrate that [*H]TH
of nonspecific or low-affir
that the TBZ binding si

btained with a 500 nM drug con-
rison of the densitometric scanning
h Coomassie blue and of the [*H]-
(Figure 8) indicates that the probe
of the membrane and is not asso-
nanner with the peptidic material.
of chromaffin granule membrane,
ight of 75K, care has been taken to
JA does not label DBH as a result
ity binding. Therefore, we propose
te is borne by a 70K polypeptide.

Previous work from thig laboratory (Scherman et al., 1983)
has indicated that the TBY binding site is associated with the
monoamine transporter, and it can thus be proposed that the
TBA-labeled 70K polypeptide is the transporter or one of its
subunits. Nevertheless, Gabizon et al. (1982), using a different
probe, ANPA~3-HT, derived from 5-HT, have labeled a 45K

ISAMBERT AND HENRY

polypeptide by the same technique. Experiments are now in
progress to demonstrate that the TBA-labeled polypeptide is
directly associated with amine transport. This hypothesis is
interesting since it suggests an oligomeric structure for the
monoamine carrier of chromaffin granules. Since the two
probes are different, it can be proposed that the 70K subunit
carries TBZ binding sites, whereas the 45K one has a site of
high affinity for the substrate. In a previous communication
(Scherman & Henry, 1984), it has been proposed that the
carrier has two monoamine binding sites: sites R, of high
affinity for substrates and reserpine and with no affinity for
TBZ and sites R, with a high affinity for TBZ and low af-
finities for substrates and reserpine. We can now speculate
that R, sites are borne by the 45K subunit whereas R, sites
belong to that of 70K.
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beling of the Pactamycin Binding Site on Eubacterial Ribosomes!
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amycin, an inhibitor of the initial steps of protein synthesis, has an acetophenone group
ucture that makes the drug a potentially photoreactive molecule. In addition, the presence
Jue makes it easily susceptible to radicactive labeling. Through iodination, one radioactive
amycin has been obtained with biological activities similar to the unmodified drug when
and cell-free systems. With the use of ['**T}iodopactamycin, ribosomes of Escherichia

coli have been photolabeled under conditions that preserve the activity of the particles and guarantee the

specificity of the

ribosomal subuni

binding sites. Under these conditions, RNA is preferentially labeled when free, small
ks are photolabeled, but proteins are the main target in the whole ribosome. This indicates

that an important conformational change takes place in the binding site on association of the two subunits.

The major labelg
are probably reld

rEe study of the mode of action of antibiotics has the 2-fold
interest of opening up possibilities to potentiate their thera-

peutic activity and of pro
us to understand the stru
targets.

Pactamycin, a drug ini
tumor agent, is espacially
synthesis in eukaryotic a

viding important data that can help
tture and activity of their biological

tially developed as a potential anti-
interesting as an inhibitor of protein
nd prokaryotic systems (Goldberg,

1974). Tt blocks the initial steps of the protein synthesis process
[for a review, see Vizquez (1979)] either by interfering with
the association of the large ribosomal subunit with the 408
initiation complex or by blacking the ribosome after the for-
mation of the first peptide bond (Kappen & Goldberg, 1976).

In any case, the drug bin

3 preferentially to the small subunit

and has lower affinity for the whole riosome and practically
none for the large subunit when tested at low inhibitory con-
centrations (McDonald & Goldberg, 1970).

The identification of th
the antibiotic binding site
its mode of action. Affin
the most direct method to
have been used fruitfully

e ribosomal components involved in
s an important step in understanding
ty labeling techniques are probably
approach this problem and, in fact,
in the case of many ribosomal ef-

¥This work has been suppofted by institutional grants from the Fondo

de Investigaciones Sanitarias
Comision Asesora de Investig

(F18) and by personal grants from the
acién Cientifica y Técnica (Spain).

d proteins are $2, §4, 818, 527, and L13. These proteins in the pactamycin binding site
sted to the initiation step of protein synthesis.

fectors (Cooperman, 1980). The applicability of this technique
is usually restricted to cases where radioactively labeled and
chemically reactive derivatives are available. Pactamycin,
having in its molecule a potentially photoactive (Cowan &
Drisko, 1978) acetophenone group, as well as a phenolic group
susceptible to radioactive iodination, has the appropriate
conditions for the identification of the components of its ri-
basomal binding site using photoaffinity procedures.

The identification of these components in Escherchia coli
ribosomes would allow us, considering the activity of the drug,
to establish correlations between ribosomal components in-
volved, directly or indirectly, in the initiation step of protein
synthesis.

MATERIALS AND METHODS

lodination of Pactamycin. Pactamycin (25-50 ug) in 50
mM phosphate, pH 7.5, and 50% ethanol was treated with
0.5-0.6 mCi of Na!?I by a modification of the chloramine
T method that avoids direct contact between the oxidant
compound »nd the drug, as reported previously (Tejedor &
Ballesta, 1982).

After treatment, the reaction mixture was separated by an
I.LH20 Sephadex column (0.9 X 20 cm), equilibrated, and
eluted with 96% ethanol. Fractions (0.5 mL) were collected
and checked in a -y counter. The fractions containing the drug
were pooled, evaporated, dissolved in 200 L of Cl,CH,, and

0006-2960/85/0424-36673$01.50/0 © 1985 American Chemical Society
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43232e¢ Synthesis of 2-aminohexahydrobenzo{a]quinolizines.

Buzas, Andre; Cossais, Francoise; Jacquet, Jean Pierre;
MeO )
N
MaO
-
4 ~R
: ‘
NHZ x

Merour, Anne; Melon, Jean Marie; Champagnac, Andre;
Pommier, Michele; Seine, Christiane (Lab. Chim, Org. V,

. 8cl,, Orleans, ¥r.). Chim. Ther, 1972, 7%5), 404-7 (Tr).
The 2-amino-9,10-dimethoxyhexahydrobenzo[a)quinolizines X
(R = H, Me, CH:CHMae,) were prepd. from the correaponding
benzo[a]quinolizin-2-ones via the ales,, their tosylates, and
arides, The g-amino epimers of I were obtalned by reducing the
cotresponding oximes, I had slight sedative and antispasmodic
aclivity. Increase in the size of R Increased both the toxicity and
activity of 1. The S-epimers were as toxie as I but practically

devoid of activity.
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Synthése d’amino-2

hexahydro benzo-[alquinolizines

André Buzas, Fran¢oise Cossais, Jean-Pierre JACQUET, Anne Merour (Chimie*).

Jean-Marie MeLoN, André CHAMPAGNAC, Michéle Pommier, Christiane Semvg (Pharmacologie**).

*Laboratoire de Chimie Organigue V, Faculté des Sciences d’Orléans-45,
** Laboratoires Sauba, Service des Etudes Pharmacologiques, 93-Montreuil-sous-bois,

( Manuscrit regu le 11 octobre 1971.)

Les deux épiméres dds amino-2 diméthoxy-9,10 hexahydro-1,2,3,4,6,7 116 H benzo[alquinolizines substitués ou non en
3 ont été préparés en |vue d'une étude pharmacologique comparative. Les épiméres « ont été obtenus par une méthode
stéréospécifique, les dpiméres f par réduction des oximes correspondantes, Ces molécules possédent une faible activité

sédative, antispasmogdique et vasodilatatrice,

Introduction.

L’intérét biologiqus

du squelette benzo[eJquinolizine

a suscité de nombreux travaux. P. Bite et collabo-
rateurs (1), en particulier, dans le but de synthétiser
quelques dérivés M-acylés, ont préparé différentes

amino-2 benzola]

quinolizines par réduction des

composés hydroxyimino-2 correspondants,

CH,0 /\]
-cHo Q0 g
H"( y

Nous nous sommes proposés de préparer les deux
stéréoisomeéres o gt B des amino-2 dimethoxy-9,10
hexahydro-1,2,3,4,6,7 116 H benzofalquinolizines
substituées ou nop en 3 afin d’étudier du point
de vue pharmacolpgique :

— la relation existant entre la configuration et
I'activité,
— Pinfluence du substituant en 3.

Partie chimique.

La réduction des pximes 16, 17 et 18 par "hydrure
de lithium et d’alyminium (1) conduit & un mélange
des deux épiméres| 11 était donc nécessaire de mettre
au point une préparation stéréospécifique de cha-
cune des amines.

Une méthode répytée telle d’introduction du groupe
amino consiste en] ’attaque du tosylate de I"alcool
correspondant par l'azoture de sodium dans un
solvant aprotiqug selon une réaction 4 caractére
SN, prédominant| suivie de la réduction du dérivé
azido (2, 3).
L’amine primaire|ainsi obtenue posséde la configu-
ration inverse de|l'alcool de départ.

Préparation des d¢rivés amino-2 (a) «.

La réduction des| cétones 1, 2 et 3 par différentes
méthodes (4), nous a conduits exclusivement aux
alcools () B 4, 5/ et 6, dont les tosylates 7, 8 et 9,
obtenus par actjon du chlorure de tosyle dans la
pyridine & basse [température, traités par 'azoture
de sodium daps I’hexaméthylphosphotriamide
(HMPT) nous ont donné les azides (@) « 10, 11 et
12. :

On
5

H
R

Ha0 —
"ao‘@i\lN
Hqg;b
i N
o
R=H

N

R = CH,
CH,

3 R = cH, — cH(
CH,

H
R

4R=H

H -’g
H
5 R = CH,

CH
§ R = cH,—cHd
CH,
CH,O /\'
CH,0 N
Hf'g)(l—i
n
&
HO*"
16 R =H
17 R = CH,

CH
18 R = CH, — CH<CH’
3

CH,0 iy \
CH,O ~

H1
OTs
TR=H
8 R — CH,
CH,
9R= CH,»—CH<

H s,
19 R = H
20 R = CH, -
M R= CH,—-—CH< :
CH,

10 R =H
11 R = CH,

CH,
12 R = CH, —CH

CH,

CH0 —, /\‘

CH,0 N

H"gj | H, 2 HCI
W R

. NH;,
13R=H
14 R = CH,

CH
15 R = CHSHCH<CH"
3
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La réduction de 10, 11| et 12, soit par voic cataly-
tique, soit par LiAlH,, conduit aux dérivés amino-2«
cherchés 13, 14 et 15.

Préparation des dérivés amino-2 (e) B.

La réduction des cétomes ne nous permettant pas
d’obtenir les alcools 2d, nous avons cherché A les
préparer par épimérisation des alcools 2B, par
I'intermédiaire des tosylates en solution dans le
diméthylformamide. Mais les tosylates 7, 8 et 9
conduisant trés rapidemient & des produits d’élimi-
nation, de fragmentation ou de réarrangement

405

Nous avons alors étudié les possibilités de réduction
stéréosélective des oximes 16, 17 et 18, méthode
classique d'introduction d’une fonction amine en
position équatoriale dans un systéme cyclohexa-
nique (6, 7, 8).

La réduction catalytique des oximes par 'oxyde de

platine dans [’acide acétique, & pression ordinaire .. .

et témpérature ambiante, de méme que la réduction
chimique par LiAlH, nous ont conduits & des
mélanges d’épiméres en quantités a peu prés égales,
Par contre, avec le sodium dans ’éthanol, nous avons
obtenu un mélange oG 'amino-2p est trés forte-

(6,11) cette méthode| s’est avérée négative. ment majoritaire et facilement isolable sous forme
TABLEAU 1
Eluant de
Solvant de p -1
Ne R Rdt % FeC recristallisation Cz’;?lg]ﬁtco' IR cm
7 H 76 146 benzéne-éther 1 600 aromatique
isopropylique disubstitué
1170, 1 180 w(SO,)
8 - CH, 85 154 benzéne-éther 1595 .aroma-t-iquc
isopropylique disusbstitué
1170, 1 175 w(SO)
9 CH{ 77 142 éther 1 592 aromatique
CH; — CH< isopropylique disubstitué
CH{ 1172, 1 185 v(SOy)
10 H 52 huile benzéne 2100 N,
i1 CH, 70 114 benzéne-éther 2100 N,
25-75
CH,
12 CHy— CH< 70 huile benzéne 2090 N,
. “CH,4
TABLEAU 11
No R Rdt % F oC Solvant de recristallisation IR cm—?
Amino-2e ‘
13 H 70 222-228 éthanol 3420, 3130
2 530 NH,*
1600, 1570
14 CH, 70 198-203 éthanol 3380, 3150
- 2550 NHy*
1 580
CH,
15  —CH,— CH< 66 220-226 éthanol 3 400, 3 180
CH, 2560 NH,+
1590, 1 565
Amino-28.
19 H 0 Tit2te &Famal Ly, 3 4%
2060 NH,*
) 1 640
2 192-197 éthanol 3 480, 3 300
20 CH, 7 2070 NHg*
1630
G 60 207-212 étate d’éthyl 3 500, 3 400
— CH, « CH 2212 acétate yle 8
1 v © <c H, éthanol 2050 NH,¥
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de chlorhydrate par
De cette fagon, nous a
19, 20 et 21.

Ces amines épiméres se
tres infrarouge et leurg

elles possédent des pol

tographie sur couche 1

identifier facilement.

Les caractéristiques ph

cristallisation fractionnée,
vons pu accéder aux amines

différencient par leurs spec-
points de fusion. De plus,
arités différentes en chroma-
mince ce qui permet de les

ysico-chimiques des compo-

5és nouveaux ont été r:ﬂssemblées dans les tableaux 1

et II.

PARTIE E

Les points de fusion on

Kofler, 4 I'exception de ¢
qui ont été pris 4 'aide d
famte.

Les spectres IR ont été ¢

Perkin-Elmer modéle 257

Toutes les réactions ont

sur couche mince, exécutd

Les microanalyses ont é

de Chimie IV de la Fac

Les alcools, les cétones

suivant des méthodes pré

Tosyloxy-203 méthyl-3a din

6,7, 116 H benzolalquino

A une solution de 8,5 g d
de pyridine séche, refroid
tés 17 g de chlorure de

ment recristallisé. Aprés
le milieu réactionnel est
linisé 4 la lessive de soud

cherché. Rdt = 85 9%, I'&q
tallis¢ dans un mélangg

F = 154~

Analyse CyaHpgOgNS
Spectre IR (KBr) : 1 593

1170-1 175 em~%, v(SOy)
Azido-2x méthyl-3x dimét

116 H benzolalquinolizine

A une solution de 8 g de|
de HMPT fraichement d

ture de sodium, Aprés ¢

mélange réactionnf:l est V)
nisé avec du carbonate de
phase aqueuse au chloru

XKPERIMENTALE.

t été déterminés sur un banc
tux des chlorhydrates d’amines
un microscope A platine chauf-

hregistrés sur un spectrographe
f.

¢té suivies en chromatographie
e sur Kieselgel-G selon STAHL.
é déterminées au Laboratoire
ulté des Sciences d’Orléans.

et les oximes ont été préparés
cédemment déerites (4, 9, 10).

néthoxy-9, 10 hexahydro-1,2,3,4,
Jizine 8.

e 5 (0,0306 mole) dans 70 cm?
ie au bain de glace, sont ajou-
para-tolugnesulfonyle fraiche-
abandon & 0° pendant 20 h,
ersé dans l'eau glacée et alca-
e, On essore 11,15 g de produit
hantillon analytique est recris-

benzéne-éther isopropylique.

—431,53 : C, H, N. -
cm~! aromatique disubstitué

hoxy-9,10 hexahydro-1,2,3,4,6,7,
11.

8 (0,0185 mole) dans 120 cm?
stillé, sont ajoutés 16 g d'azo-
hauffage & 90° pendant 7 h, le
ersé dans l'eau glacée et alcali-
sodium. Aprés saturation de la
re de sodium et extraction au
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benzéne, I'évaporation du solvant laisse 5,5 g de résidu
cristallin. Par chromatographie de 3,5 g de ce résidu sur
alumine neutre, on isole dans les fractions benzéne-éther
(25-75) l'azide cherché qui, recristallisé dans l'éther,
donne 2,5 g de cristaux blancs. Rdt == 70%,. F = 114~,

Analyse C; H,,0,N, = 302,37, C, H, N.
Spectre IR (nujol) : 2100 ecm=!, — N,.

Amino-2a méthyl-3a diméthoxy-9,10 hexahydro-1,2,3,4,6,
7, 116 H benzolalquinolizine 14.

Une solution de 1,88 g de 11 dans 35 cm?® d’alcool
absolu est hydrogénée a pression atmosphérique ¢t a
température ambiante en présence de platine réduit
pendant 10 h. La solution filtrée est neutralisée par
5,25 ml d'HCI 2 N, aprés évaporation du solvant, on
obtient 1,6 g de produit cristallisé. Rdt = 70 $;. L’échan-
tillon analytique est recristallisé dans I’éthanol. F = 198-
2030,

Analyse CyyH,,0,N,Cl,, 1 H,O = 367,28; C, H, N.
Spectre IR (KBr) : 3380, 3150, 2 550 em~*, NH,*,
Amino-23 méthyl-3a diméthoxy-9,10 hexahydro-1,2,3,4,
6,7, 11b H benzolalquinolizine 20.

A une solution de 3 g de 17 dans 150 ¢m?® d’éthanol a
reflux, sont ajoutds, par petites portions, 20 g de sodium.
Vers la fin de I'addition, on ajoute 100 ¢cm* d’éthanol.
La réaction étant terminée, le mélange réactionnel est
versé dans I'eau glacée et "amine formée est extraite au
benzéne. Aprés lavage avec une solution saturée de NaCl,
la solution organique est évaporée i sec., Le résidu,
repris dans ’éthanol est neutralisé par 8 ml A'"HCI 2 N,
Aprés évaporation du solvant et recristallisation dans
I’éthanol, on obtient 2,6 g de produit pur cristallisé,
Rdt = 72%. F = 192-197°.

Analyse CgHy40.N,Cly, 1/4 H,O = 353,79; C, H, N,

Spectre IR (KBr) : 3480, 3 300, 2 070 cm™%, NH*.

PARTIE PHARMACOLOGIQUE.

Les six amino-2 hexahydro benzo[a]quinolizines
ont été étudiées A 1'état de chlorhydrate.

Ces molécules se sont révélées comme pharmacolo-
giquement actives :

— sur le systdéme nerveux central, ol elles exercent
notamment une action sédative sur 'activité motrice
et une action potentialisatrice de la narcose.

— sur le muscle lisse : in vitro, elles s’opposent
au spasme produit par Je chlorure de baryum; in vivo,
chez le chien elles provoquent une vasodilatation,

TABLEAU III
Aucglm%ntba_tion Activi
Activité Potentialisa- u debit ctivité
R = No DL, kg motrice tion narcose pél_'lphlé/rllguc aml‘i‘PﬂS“
== 1.V. souris DE,q/kg DEgo/kg 4 meE Ik mo ;que
LV. souris 1.V. souris ¢ al v 50/ K n ‘i:‘”o
chez le chien b
H 13 250 mg 50 mg 60 mg 109, _—
19 300 mg — 40 mg — —
CH, 14 200 mg 40 mg s 159 4.10-8
20 130 mg —_ -— 105, 5.10-8
CHj 15 100 mg 20 mg 10 mg 60 % 3.10-5
CH, — CH<
? CH, 21 80 mg — 32 mg 10% 2.10-¢
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Ces activités restent|modestes, I’amine la plus active
(N° 15) est 8 fois ntoins sédative que la tétrabéna-
zine et 10 fois moins antispasmodique que la papa-
véring prises comme étalons.

Cependant, leur étude comparative nous a permis

de mettre en évidenge deux types de constatations ;

— l'allongement del|la chaine R accroit la toxicité
et Uactivité des molécules.

— P’épimérisation ne modifie pas la toxicité, mais
les dérivés B ont |pratiquement perdu activité
manifestée par les dérivés a.

Le tableau IIl permet de comparer les résultats
obtenus,

SUMMARY.

The two epimeres of 2-amino-9,10 dimethoxy-1,2,3,4,6,7,
hexahydro 115 H benzo[a]quinolizines substituted or
not in position-3 were prepared with a view to compa-
rative pharmacologica] study. The « epimeres were
obtained by a stereospgeific method, the B epimeres by
reduction of the corresponding oximes. These molecules
show a low sedative, |antispasmodic and vasodilating
activity,

ZUSAMMENFASSUNG,

Die zwei Epimeren des [2-Amino-9,10-dimethoxy-1,2,3,4,
6,7, hexahydro 115 H henzo[alchinolizin mit oder ohne

Esters d'anLlino-alcools

407

Substituenten in Stellung 3 wurden in Hinblick auf ihre
pharmakologische Untersuchung dargestellt, Die «-Epi-
meren wurden mittels einer stereospezifischen Methode,
die B-Epimeren durch Reduktion der entsprechenden
Oxime erhalten. Diese Verbindungen besitzen eine
schwache sedative, antispasmodische und gefisserwei-
ternde Wirkung.
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d'un acide dérivé du tropylidéne

Albert LespagNoL, Frangoise Ers, Marc PoLvEcHE (Chimie).
Jean-Claude et Micheline Cazin (Pharmacodynamie).

Laboratoire de Pharmacie Chimique et de Pharmacodynamie de I'U.E.R. de Pharmacie
et Groupe U 62 de PINSERM, rue du Professeur Laguesse, 59-Lille,

(Manuscrit regu le 21 janvier 1972.)

Le mémoire est consacré |4 I'étude d’une série d’esters d’amino-alcools de lacide tropyl-7 acétique. Leur synthdse et
leur_anal)-'sc spectroscopique ont été mentionnées,‘ainsi que les résultats d'une expérimentation pharmacodynamique
préliminaire mettant en évidence une activité antispasmodique notable et une toxicité particulidrement faible pour

certains de ces esters,

L’étude d’un acide dérivé du tropylidéne nous avait
conduit a4 la préparation d’une série d’esters
d’amino-alcools chez Itﬂhuels nous avions recherché
des propriétés antispasmpdiques (1). La structure de
cet acide consistait en fait en une juxtaposition de
cycles heptaditnique et| propanique. 11 était inté-
ressant de comparer ces premiers dérivés (A) avec
ceux de Vacide tropyl-] acétique (B) dans lequel
le cycle propanique est Jupprimé.

Nous décrivons ci-aprés la préparation de ces
nouveaux esters (B), leurs caractéristiques ainsi
que leur étude pharmacodynamique. L’acide tropyl-
acétique peut se préparer (2) A partir du bromure
de tropylidéne (monobromé). Celui-ci, condensé
avec I'acide malonique (3) donne I'acide tropyl-
malonique, puis, aprés décarboxylation, [’acide
tropylacétique dont le chlorure d’acide (4) réagit
avec de bons rendements sur différents amino-
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Stereochemlstry of emsetine, A, R. Battersby, R. Binks, \(}\ \
Page: D. Davidson, G. C. Davidson, and T, P, Edwards (Univ.
Bristol, Engl.)., Chem, & Ind. (London) 1957, 982; f. CA
48, 10751d.—Hofmann degradation of N-acetylemetine re-
‘peated 3 times, with hydrogenation after the 1st steép, givesX
which, on oxidn. with O; and AcOQH, yields MeEtCO, 6~
ethylveratric acid, and IT [(R = Ac, R = COH), [«]p — 1447

MeO

MeQ

()

(EtOH)]. The latter compd. is obtained by resolution of
pL-tetrahydroisoquincline, acetylation of the (- )}-form, and
hydrolysis. The (+)form of IT (R = H, R’ = CO,Et),
,. and its 3 derivs., II {R = Et, R’ = CH,0A¢, CH.0H, Me),

. prepd. without affecting the asymmetric center, have rota-
“tions which are more neg. as the polarity of the solvent in-
creases, (O-methylpsychotrine, on oxidn. in atk. soln. and
‘hydrogenolysis, gives Il (R = CQOH). The stereochem-
istry of the COOH is based on the stability of the derived
ester under vigorous equilibrating conditions; the C(17)
.configuration has been set arbitranly to agree with that at

(II1) (1v)

C(Q1) of emetine. Lack of inversion during the degradation
is proved by Arndt-Eistert homologation of III (R =
CO.H) to IIT (R = CH,CO,;H), which can be converted to
O-methylpsychotrine., Curtius degradation of III (R =
CO3H) gives 11 (R = NHCO,Et). 1V with hydroxylamine
. acetate gives 2 major oximino derivs., which on redn. afford

4 isomeric amines., The Et uicthan of the amine with the
sterecochernistry shown in IV is identical with that obtained
by degradation of Q-methylpsychotrine, Imetine is there-
fore V (abs. configuraton at C(1’) remains to be detd ).

~ LNH
MeO u~:

CH,
Rt . o H
H‘W\ 31
) N l ~ OMe
=
OMe
(V)
C. L. Deasy

BNSDOCID: <XP.__ 2238098A_ |_=
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THE STEREOCHEMISTRY F EMETINE

By A. R. Battersby, R. Binks, D. Davidson,
G. C. Davidson and T. P. \Edwards

Department of Organic Chemistry, The University, Bristol, 8

The structure of emetine has begn established by
many degradative and synthetic investigations,!+3 but
these did not reveal the stereochemistry’ of this
important Ipecacauanha alkaloid. | We report now
our stereochemical studies on emetire.

Hofmann degradation of N-acetylemetine (I; R==

:) was repeated three times, with hydrogenation

ized with ozone and peracetic acid, yielded

hyl ethyl ketone, 6-ethylveratric acid and the
acid (IIf; R=Ac, R'=CO,H), [«]| ,—144°(EtOH).
The last was obtained in quantity by resolution of the
synthetic? Dr-tetrahydroisoquinoling®* (I1I; R=H,
R’=CO,Et), acetylation of the | (+)form and
hydrolysis. The (-+)-form of compound (IIl; R=H,
R'=CO,E1) was converted, by methods which do
not affect the asymmetric centre, into|three derivatives
(II1; R=Et, R'=CH,0Ac, CH,0
and the parent compound (III; R=H; R’=CO,Ev),
all have rotations which become morg negative as the
polarity of the solvent is increased.| On this basis,
the absolute configuration of (III) i§ as shown, and
the absolute configuration at C(1) in ¢metine follows.

aiter the first step,2 to give the diene|(IT) which, when -

* Only one enantiomer is drawn of all| pL-compounds in

, CHj3); these,

The stereochemistry about the quinolizidine system
in emetine is duplicated in. O-methylpsychotrine?
(as (I), but lacking R and with double bond between
C (1) and N). This alkaloid, as its bisbenzochloride,
was oxidized in alkaline solution to a quaternary
betaine from which the acid (IV; R=CO,H) was
obtained by hydrogenolysis. The equatorial confor-
mation shown for the carboxyl group is based upon
the stability of the derived ester under vigorous
equilibrating conditions (in (TV), the absolute con-
figuration at C (1’) has been set arbitrarily the same
as that at C (1) of emetine). That no inversion had
occurred during the degradation was proved by
Arndt-Eistert homologation of (IV; R=CO,H) to
(IV; R=CH,.CO,H) which can be converted back
into’ O-methylpsychotrineS; - the stereochemistry at
C (10) of emetine is therefore as shown, Curtius
degradation of compound (IV; R=COzH) gave the
urethane (IV; R=NH.CO,Et).

The pr-ketone (V; R==0) had been synthesized
earlier3 and equilibration studies now confirm that
the ethyl group is equatorial. Treatment of this
ketone with hydroxylamine acetate afforded two
major oximino products, (V; R=N,0H) and (VI),
together with two minor ones. Reduction of the
former pair afforded four isomeric amines to which
probable structures can be assigned by a conforma-
tional argument. The ethyl urethane of the amine
assigned structure (IV; R=NH,) had infrared
absorption in solution identical with that of the
urethane obtained above by degradation of O-
methylpsychotrine. The frans arrangement at C (10),
C (11) has been confirmed.6

The foregoing results lead to the stereochemistry
of emetine as in (I; R==H) and only the absolute
configuration at C (1") remains to be determined.
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