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Summary — The synthesis of a photosensitive iodinated derivative of tetrabenazine, which should be able to lead to the iden-
tification of the vesicular catecholamine transporter of adrenal medulla by photoaffinity, is described in detail. The biological activity
of this iodinated ligand was found to be significantly lower than that of non iodinated ligands.

Résumé — Syntheése et activité biologique de dérivés iodés et photosensibles de la tétrabénazine. La synthése d’ un dérivé de la
tétrabénazine, photosensible et iodé, susceptible de conduire par photoaffinité a [identification du transporteur vésiculaire des
catécholamines de la médullo-surrénale, est exposée en détail. Une diminution importante de I’ activité biologique du ligand iodé est

observée comparativement a celle des ligands non iodés.

neuroleptic tetrabenazine / catecholamines carrier / photoaffinity labelling / iodinated ligand

Introduction

Adrenaline and noradrenaline, the catecholamines of
adrenal medulla, are stored in specialized organelles,
the chromaffin granules, from which they are released
in the bloodstream by exocytosis. The mechanism by
which these granules accumulate monoamines is now
well understood [1-3]. It is a two-step ATP-dependent
process involving:

(i) inward translocation of protons by an electrogenic
ATP-dependent H+-pump of the granule membrane;
(ii) a monoamine/H+ antiport catalyzed by a specific
transporter located in the same membrane, but inde-
pendent of the H+-pump.The same mechanism
operates in all monoamine storage vesicles, such as
the dopamine, noradrenaline or serotonin presynaptic
vesicles of the nervous system [4] or the serotonin
dense granules of blood platelets [5-7]. The mono-
amine transporter is a minor component of these
membranes, and, in spite of its interest, its purification
has not as yet been possible. In an effort to achieve
this goal, tritiated ligands were developed to label the
transporter, using known uptake inhibitors [8-11].
Tetrabenazine is such an inhibitor [12, 13], from
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which a high affinity ligand was derived, [3H]dihydro-
tetrabenazine, characterized by an equilibrium disso-
ciation constant of 3 nM [8].

Various tritiated azidoderivatives of tetrabenazine
were also synthesized to identify the transporter by
the photoaffinity technique [14, 15]. Though interest-
ing results have been obtained [14], these derivatives
were difficult to use for the following reasons:

(1) the affinity of the probe for its binding site was
decreased by the derivatization used, the dissociation
constant increasing to 50 nM after introduction of an
amide link;

(i) the low specific activity (2 Ci/mmol) of the
derivative resulted in high non specific labelling;

(iii) because of the low energy of tritium radiation
and of some instability of the covalently bound probe,
the electrophoresed material had to be analyzed by
slicing the gels and measuring the radioactivity by
liguid scintillation. Derivatives of higher specific
activity were subsequently synthesized [15] which
improved specific labelling, but they were still
difficult to use for fluorographic detection of the
labelled material after electrophoresis on sodium
dodecylsulfate/polyacrylamide slab gels. For these
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reasons, we initiated the synthesis of a new series of
iodinated derivatives, which, to our mind, should be
easier to use because of their higher specific activity.

Chemistry
The ligands liable to effectively lead to the binding of

the transporter correspond to the derivatives 2, 3 and 4
of tetrabenazine (TBZO) 1.

CH,0
CH,0 N
H
2 ‘
NH,
CH,0 CH,0
N
CH,0 N CH,0
H H
g !
H-~ TSCH,OH o

3 4
*The adopted numeration corresponds to that described
earlier [1 65).

The necessary photosensitive function can be
introduced through synthons 2, 3 and 4, which show a
high affinity for the monoamine transporter (table I).
Dihydrotetrabenazine (TBZOH) 4 is the easiest to
obtain [8].In order to avoid the interaction of the
photosensitive function with the TBZ moiety, these
2 functions must not be close to one another. Among
the possible derivatives. of alcohols 3 and 4, only the
esters of alcohol 4 were obtained. Because of spon-
taneous intramolecular cyclisation observed during
the synthesis of various esters, a caproic chain was
preferred to a valeric or a butyric one.

Esterification with w-azido caproic acid chloride
[17] gave the corresponding ester 5 in 98% yield after
chromatography. The amino ligand 6 was obtained

Table 1. Affinity of the synthesized derivatives for the
monoamine transporter.

Compound ECsy(nM)
1 30£05 (= 8
2 11614 (n= 6)
3 14+ 8 (n=5)
4 6711 (=T
6 8.1+33 m=32)
12 53217 (n=16)
13 428 £226 (n=20)

quantitatively from 5 by the Staudinger method [18]
in boiling tetrahydrofurane.

CH,0
X =N, n=15 5
X=NH,, n=5 6

!
0CO(CH,)X

I

4-Azido salicylic acid 7 was chosen as a photo-
sensitive molecule to be coupled with the @-amino
caproic ester 6. 7 was obtained from the corresp-
onding amine by diazotization by NO,Na in the
presence of sulfuric acid followed by treatment with
N;Na in water. A high specific radioactivity obtain-
able with 125] seemed to be necessary for the further
use of the photosensitive ligand at a very low con-
centration [19, 20].

R, =R,=R;=H 7

R, OH R,=CH;, R, =R;=H 8
Nr<©/>cozR1 R,=CH;,R,=LR;=H 9
R R,=H,R,=LLR;=H 10

R1=CH3, R2=R3:I 11

The validity of the techniques of radioiodinations
[21, 22] was assessed by the iodination of 8. The first
method [21] only gave decarboxylated compounds
and the second one [22] mainly gave the diiodo-
ester 11 in DMF or acetonitrile, contrary to previous
reported results [22, 23]. Finally, monoiodoester 9
was obtained in 80% yield as a mixture with starting
ester 8 and diiodoester 11 according to the method of
Ji and Ji [24]. 9 was then saponified to 10 by a
methanolic hydroxide solution. Amides 12 and 13
were obtained by condensation of the amine 6 with
the succinimidyl esters of 7 and 10 [25]. They were
isolated crude with a purity of 97-98% as determined
by 13C-NMR and were purified by HPLC.

CH,0 n=5R=H 12
N n=5R=1 13
CH,0 "
R
(')cmcnz)n NHCO‘@—NJ
HO
Pharmacology

The affinity of the tetrabenazine derivatives for the
monoamine transporter of chromaffin granule
membranes was measured by testing their efficiency



to displace bound [3H] TBZOH [8]. The results are
given in the table as ECs, values (concentration
displacing 50% of the bound ligand).

Discussion and Conclusion

In the design of a new tetrabenazine-derived photo-

sensitive probe of the monoamine transporter,

2 changes were tried:

(i) introduction of an ester link of the tetrabenazine
nucleus and;

(ii) iodination of the acylazido moiety.

Apparently, amine or azido derivatization of the
tetrabenazine nucleus did not dramatically affect its
affinity for the monoamine transporter. In fact, valeric
derivatives had affinities similar to that of caproic
ones, characterized by ECs; of 17, 27 and 450 nM for
the amino, azido and iodoazido derivatives, respec-
tively. This result is consistent with a previous study
from our laboratory where the relation between the
length of the lipophilic chain and the biological
activity has been similarly studied [26].It is also
consistent with the observation that the affinity of a
series of tetrabenazine derivatives increased with their
hydrophobicity, estimated from the apparent octanol-
water partition coefficient [27].

On the other hand, the iodinated ligand has a much
lower affinity than the non iodinated one. This
important decrease is certainly related to the high Van
Der Waals radius and polarisability of the iodine
atom, which introduce numerous interactions near the
receptor. This observation is surprising, since the
photosensitive function which has been iodinated is

distant from the biological moiety. It might be of
general interest for the application of the technique of
photoaffinity, since in this technique, active ligands
are often directly radioiodinated without any test of
the activity of the iodinated derivative. Furthermore, it
seems necessary to also check the photolysis of the
iodinated arylazido moiety, since photo—diiodination
process has been recently described [28]. Though the
use of another ligand and/or a different photosensitive
function is possible in our case, it is probably more
interesting to attempt the isolation of the transporter
by affinity chromatography through the already
described amine 6.

Experimental protocols
Biological methods

The affinity of tetrabenazine derivatives for the monoamine
transporter of chromaffin granule membranes was measured by
testing their efficiency to displace bound [3H] TBZOH [8].
Bovine chromaffin granule membranes were purified as
described {29]. [3H] TBZOH (15 Ci/mmol) and tetrabenazine
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were obtained from CEA (Gif-sur-Yvette, France) and Fluka
(Buchs, Switzerland), respectively.

Membranes (19 ug of protein/ml) in 0.3 M sucrose/10 mM
Hepes buffer, pH 7.5 were incubated for 2 h at 30°C with 1 nM
[3H] TBZOH and the studied compound at various concen-
trations. Bound [3H] TBZOH was determined by filtration
through GF/B glass fiber filters (Whatman, Clifton, NIJ)
preincubated in 0.3% polyethyleneimine [30]. Nonspecific
binding, determined by addition of 2 uM tetrabenazine to the
incubation mixture, was subtracted. The drug concentration
corresponding to half-inhibition of [3H] TBZOH binding
(ECsp) was derived from the inhibition curve obtained by fitting
the data to the theoretical curve by non-linear regression
analysis (n, number of experimental points used for the deter-
mination of the curve).

Chemical synthesis

Melting points were determined on a heating stage under
microscope and were uncorrected. Chromatographic analyses
on silica gel HF 254 were performed by successive elutions.
IR spectra were recorded on a Perkin Elmer 257
spectrometer, in carbon tetrachloride or chloroform solution.
I3C NMR spectra were recorded on a Bruker AC 200 FT
spectrometer in deuterated chloroform. 13C chemical shifts are
given in ppm with TMS as standard with a sensitivity of
10.10 ppm-6 (CH,),Si = § (CDCl;)-77.1 ppm (see table II).
'H NMR spectra were recorded on a Bruker AC 200
spectrometer in deuterated chloroform. Chemical shifts were
given in ppm with TMS as standard. Analysis of new
photosensitive compounds were carried out and recorded on a
Finnigan Mat 4006 spectrometer. All syntheses related to
photosensitive aromatic compounds were achieved in a
darkroom. NMR spectra of these compounds were carried out
using a tube made of inactinic glass. Methylene chloride was
distilled on P,0Os, acetone and acetonitrile on K,CQO,, tetra-
hydrofuran on sodium in the presence of benzophenone.
Chromatography under pressure was achieved on a Jobin-Yvon
chromatograph.

Trans-2 hydroxy-3 isobutyl-9,10 dimethoxy-1,2,34,6,7 hexa-
hydro-11bH-benzo(a)quinolizine 4

It was obtained by reduction of tetrabenazine according to a
known method [31]. The mixture of cis/trans alcohols was
chromatographed on silica gel H60. The trans isomer (75%)
was first eluted and then characterized. Mp = 167-170°C. IR
(CHCl;, cm-1): 3600, 3350, 2950, 1620, 1470, 1370, 1150,
1010.

IH NMR: 091 (3H, d, J = 6.20 Hz, CH;); 093 (3H, d, J =
6.20 Hz, CHy); 3.63 (6H, s, 2 OCHj;); 6.57 and 6.66 (2H, 2s,
CsH.,).

Trans-2  (6-azidohexanoyloxy)-3 isobutyl-9,10 dimethoxy-
1,2,34,6,7 hexahydro-11bH-benzo(a)quinolizine 5

a-Azido caproic acid chloride was obtained as already de-
scribed (17). Bp = 62-64°C under 10-2 torr. Alcohol 4 was
esterified in methylene chloride under N,, in the presence of
DMPA at the ice bath temperature. After usual work-up, the
ester 6 was chromatographed and purified as an oil, turning
yellow at room temperature. Yield 97% from 4.

IR (CCl,, cm1): 2940, 2100, 1735, 1610, 1470, 1270, 1170,
1025.

IH NMR: 0.90 (3H, d, J = 6.40 Hz, CH,); 0.913 (3H, d, J =
6.40 Hz, CH;); 3.27 (1H, t, J = 7.0 Hz, CH in position 11b);
3.83 (6H, s, 2 OCH,); 4.67 (1H, dt, J;, = 10 Hz, J,; = 4.5 Hz,
H in position 2); 6.58 and 6.62 (2H, s, C;H,).
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Trans-2 (6-aminohexanoyloxy)-3 isobutyl-9,10 dimethoxy-
1,2,34,6,7 hexahydro-11bH-bénzo(a)quinolizine 6

The azido ester § was transformed into amine 6 by the Stau-
dinger method in boiling tetrahydrofurane with triphenyl-
phosphine during 17 h then with H,O. A colorless oil was
obtained rapidly yellowing at room temperature. Recrystal-
lization in acetone/hexane was tedious. PF = 102-104°C, The
corresponding stable hydrochloride was easily obtained by
dissolving the oil in cold dilute hydrochloric methanol.
Recrystallisation of this hydrochloride was achieved in the
mixture acetone/ethyl ether and a few drops of methanol. Mp =
204-206°C.

Amine 6: C,;H,GN,O,, m = 432.60. Mass spectrometry by
chemical ionization (NH;): 432.2. IR (CCl,, cm1): 3300, 2960,
2940, 1735, 1610, 1470, 1370, 1250. tH NMR: 0.83 (3H, d, J =
6.40 Hz, CH;); 0.86 (3H, d, J = 6.40 Hz, CH;); 3.76 (6H, s,
20CH,); 4.60 (1H, dt, J;, = 102 Hz, J,; = 42 Hz, H in

position 2); 6.50 and 6.55 (1H, s, C¢H,)

4-Azido-5 iodo methylsalicylate 9

4-Aminosalicylic acid was diazotized in 25% H,SO, solution

by NO,Na and N;Na in water, to give 4-azidosalicylic acid,
which was filtered off, dissolved in an excess of CH,Cl, and
then washed with a 10% hydrochloric acid solution. 7 was
obtained with a 54% global yield as a pink crystallized powder
(mp = 214.5-2155°C). TLC on silica 60 F,,. Eluent:
methanol/CH,Cl, (1/3). Rf = 0.40.

7 was hardly soluble in usual solvents, especially in chloro-
form. By reaction with diazomethane, methyl ester 8 was
obtained and recrystallized first in pentane and then in aqueous
ethanol. Mp = 63-64°C. IR (CCl,, cm!): 2980, 2120, 1685,
1445, 1345, 1270, 1145, 955, 940. 'H NMR: 3.92 (s, 3H,
OCH,); 647-7.78 (m, 3H, C/H;); 1092 (s, 1H, OH).
13C NMR: 52.3, OCH,; 107.2, CH in position 5; 109.3, C in
position 1; 110.5, CH in position 3; 131.6, CH in position 6;
147.3, C in position 2; 162.9, C in position 4; 169.95, CO,.

Todination of ester 8 by chloramine T-sodium iodide in DMF
or acetonitrile [23] gave a mixture of 9/11 in a ratio of 1/5 or
1/6. Diiodinated ester 11 was separated by recrystallization in
CH,Cl,/pentane.

Todination of 8 in an acetone/acetonitrile mixture provided a
mixture of 8/9. The amount of 9 decreases with increasing

Table IL. 13C chemical shifts of the indicated compounds as solutions in CDCI; (6 ppm).

Carbon Compound
1 4 5 6 12 13
1 47.5 40.7 36.8 36.9 36.7 36.7
2 209.5 74.3 76.3 76.3 76.3 76.3
3 47.5 41.6 38.3 384 38.2 38.2
4 61.4 60.2 60.0 60.2 60.0 59.9
6 50.4 51.9 51.7 517 51.7 51.7
7 29.3 29.3 29.2 29.3 29.1 29.1
8 111.7 1114 1114 1120 1116 111.8
9 1476 1472 147.6 1477 1476 147.8
10 1477 1474 1473 1476 1473 147.4
11 108.2 108.0  108.1 108.8  108.2 108.5
11b 62.3 62.3 60.5 60.5 60.5 60.5
12 126.1 126.1 126.4 1267 1264 126.5
13 1286 128,66  129.0 1294 1289 129.0
I 35.0 39.9 39.6 - 398 39.6 39.6
2 25.4 25.3 253 254 253 253
3'4H 23.1 24.1 239 24.0 239 239
4" (3) 22.1 21.7 21.8 21.9 21.8 21.8
173.3 1735  173.6 107.9 CH 173.7 73.7 CI
( 34.0 34.5 34.3 109.7 CCO 34.2 107.8 CH
28.6 26.4 26.3 111.6 CH 26.2 113.9 CCO
side chain in 2 24.5 24.7 24.3 127.4 CH 24.1 137.1 CH
' 292 316 29.0 146.1 COH 28.9 146.7 COH

51.0 41.2 39.3 162.8 CN; 39.5 162.8 CN,

169.3 168.1




reaction time. Chromatography on silica gel 60 F,s, with
CH,Cl,/pentane (8/2) as eluent: Rf of 8: 0.42; Rf of 9: 0.47;
Rf of 11: 0.48.

Ester 9 was eventually obtained according to previous
results [24]. 0.241 g (1.25 mmol) of 8 was dissolved in 10 ml
of acetone redistilled over K,COj; in the presence of 0.10 ml of
a 0.1 N sodium hydroxide solution. 0.206 g (1.10 eq) of
sodium iodide and 0.387 g (1.1 eq) of chloramine T where then
added under vigorous stirring for more than 1 h. The solution
was filtered, acetone removed in vacuo and CH,Cl, added.
The organic phase was washed with a sodium thiosulfate
solution (10 ml) and water (2 x 10 ml), then dried over MgSO,.
After vacuum removal of the solvents, a whitish crystallized
residue was obtained (0.40 g) which contained esters 8 and 9
(1/2) in the presence of 4-methyl-phenylsulfonamide. Mp =
135.5-136°C, as shown by !H NMR. By HPL.C of 8 + 9, pure
iodinated ester 9 was obtained in 80% yield calculated
according to the starting material, 8 recovered and
recrystallized in 95% ethanol. Mp = 141-142.5°C. IR (CCl,,
cm-1): 2980, 2110, 1680, 1615, 1475, 1443, 1330, 1285, 1105.
IH NMR: 3.88 (s, 3H, OCHs;); 6.67 (s, 1H, CH in position 3);
8.12 (s, 1H, CH in position 6); 10.81 (s, 1H, OH). 13C NMR:
52.07, OCHs; 74.75, Cl in 5; 107.0, CH in 3; 111.3, Cin 1;
141.0, CHin 6; 148.5, Cin 2; 162.7, C in 4; 168.8, CO..

4-Azido 3,5-diiodo methyl salicylate 11

Mp = 99-100°C. IR (CHCl,, cm-1): 2115, 1680, 1612, 1335,
1160, 1100. 'TH NMR: 3.95 (s, 3H, OCHs); 3.17 (s, 1H, CH in
position 6); 11.73 (s, 1H, OH). 13C NMR: 53.3, OCHj;; 77.9,
Cl in 5; 83.8, Cl in 3; 111.5, C in 1; 140.6, CH in 6; 147.9,
Cin2; 161.7, Cin 4; 168.4, CO,.

4-Azido 5-iodo salicylic acid 10
By refluxing 9 in an ethanolic sodium hydroxide solution for
3 h, acid 10 was obtained as a crystallized residue, hardly
soluble in usual solvents, especially in chloroform. (Mp with
thermal decomposition not determined.) 10 was used without
purification in the further steps.

Amides 12 and 13

General method. They were obtained by condensation in
acetonitrile of the amine and succinimidy! ester of acid 7 or 10
[25].

Trans-2 [6-[(4-azido-2 hydroxy)benzamido]hexanoyloxy]—3-

isoburyl-9,10 dimethoxy-{,2,3,4,6,7 hexahydro-11bH-benzo-
(a)quinolizine 12

0.270 g (1.50 mmol) of 4-azidosalicylic acid 7 and 0.334 g
(1.50 mmol) of disuccinimidyl carbonate were dissolved in
acetonitrile/pyridine (5 ml/1 ml) under nitrogen and magnetic
stirring at room temperature for 16 h. After addition of CH,Cl,
(60 ml), the organic phase was washed with a NaHCO; saturat-
ed solution (12 ml) and water (2 x 10 ml), then dried over
K,CO;. After removal of the solvents in vacuo, 0.22 g (53%)
of a crystallized compound was obtained. The aqueous phase
contained unreacted 7, which could be recovered after
acidification. The crystallized succinimidyl ester was dissolved
in acetonitrile/pyridine (2.50 ml/0.50 ml) under N, at room
temperature. Amine 6 (0.282 g) in CH;CN (4.50 ml) was
added dropwise under magnetic stirring. After 16 h, the
solvents were removed in vacuo. CH,Cl, (75 ml) was added
and the organic phase washed with a cold 2% sodium
hydroxide solution (5 ml) and water (3 x 5 ml). After removal
of the solvents, an homogeneous oil (0.37 g) was obtained
(silica gel 60 F,s,; eluent: ethyl acetate). The purity was
97-98% by 13C NMR. The oil was purified by chromato-
graphy (silica gel H) but no crystals were obtained.
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Amide 12: C;,H,3NsOq, M = 593.73. MS (chemical ionization,
NH,): M = 593.9. IR (CHCl;, cm~1): 3300, 2980, 2950, 2135,
1740, 1725, 1660, 1465, 1375, 1100. TH NMR: 0.813 (3H, d,
J = 6.5 Hz, CH,); 0.83 (3H, d, J = 6.50 Hz, CH;); 3.71 and
3.77 (6H, s, 2 OCH,); 4.60 (1H, dt, J,, = 10 Hz, J,, = 4.5 Hz,
H in position 2); 6.48 and 6.50 (2H, 2s, C¢H,); 6.46, 6.47,7.42
and 7.46 (3H, m, CH;); 6.92 (1H, m, NH); 10.8 (1H, s, OH).

Trans-2 [6-(4-azido 2-hydroxy 5-iodo)benzamido]hexanoyl-
oxy]-3 isobutyl-9,10 dimethoxy-1,2,34,6,7 hexahydro-11bH-
benzo-(a)quinolizine 13

Similarly, 0.226 g of 10 and 0.235 g of 6 gave 0.36 g of 13
(92% yield) and 0.082 g of unreacted 10. 13 was obtained as
an homogeneous oil (silica gel HF,s,, eluent: methanol/ethyl
ether 5/95) with a purity of 97% (13C NMR). This oil was
dissolved in an acetone/pentane mixture and filtered on Celite
to give orange crystals (non determined mp, due to thermal
decomposition at about 140°C).

Amide 13: C;,H)NsOq, M = 719.63. MS (chemical ionization,
NH,;): M = 719.4. IR (CCl,, em-1): 3300, 2975, 2965, 2120, -
1720, 1650, 1470, 1365, 1095. 1H NMR: 094 3H, d, J =
6.40 Hz, CH,); 0.99 (3H, d, J = 6.40 Hz, CHy); 3.74 (3H, s,
OCHs;); 3.85 (3H, s, OCH,); 4.82 (1H, dt, J,, = 10 Hz, J,5 =
4.5 Hz, H in position 2); 6.40 and 6.58 (2H, s, C¢H,); 6.75 and
8.10 (2H, s, C¢Hx(OH)N;); 7.40 (1H, m, NH).
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