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Abstract—The synthesis of N-(O,0-diisopropyl phosphoryl)-benzyltetrahydroisoquinoline (3) has been achieved in a ‘one pot’ procedure
from imine (2) and diisopropyl-phosphorochloridate (1) generated in situ (POCl; +iPrOH). Compound 3 is the first benzyltetrahy-
droisoquinoline derivative found to be a potent inhibitor of mitochondrial complexes I and I1I, and therefore it opens a new perspective
with this series of compounds as they can be considered as new class of antitumor agents. © 2000 Elsevier Science Ltd. All rights reserved.

Introduction

The diisopropyl phosphoryl (DIPP) group has been used
recently as an amino acid protecting group.! Indeed,
under classical Atherton-Todd conditions,> when an o-
amino acid is treated by a dialkylphosphorochloridate
(e.g., obtained by treatment of a dialkylphosphite with
sodium hypochlorite), the N-protected a-amino acid is
obtained in high yield.! Thus diisopropyl- and various
dialkylphosphorochloridates have been used as phos-
phorylating agents.?

We recently accomplished the syntheses of N-alkyl-ben-
zyltetrahydroisoquinolines (BTHIQ) by a new method
incorporating a ‘one pot’ cyclization—reduction—alkylation
sequence.* Following this procedure, herein we descri-
bed an original method for the preparation of N-pro-
tected BTHIQ, through the generation of the DIPP
protecting group from POCI; and isopropanol, by a
rapid, efficient and unexpensive procedure.

In our studies of new antitumor inhibitors of the mito-
chondrial electron-transport chain we decided to study,
for the first time, the BTHIQ class as inhibitors of cell
respiration. Potency found for these compounds was in
accordance with the one observed for other commercial
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agrochemical agents, as well as with previously descri-
bed cytotoxic and antitumor natural compounds.’
Having the possibility to study the relevance of a DIPP
group in the interaction of these inhibitors with the
respiratory enzymes, we have provided the synthesis of
N-(0,0-diisopropyl phosphoryl)-1-benzyl-6-benzyloxy-7-
methoxy-1,2,3,4-tetrahydroisoquinoline (3).

Chemistry

For these reasons a ‘one pot’ sequence under acid con-
ditions in isopropanol, starting from imine 2,° and sub-
sequent reduction with NaBH, after 4 h reflux, was
proposed and conducted. The N-phosphorylation was
achieved with success in a ‘one-pot’ procedure under
acid medium via the reaction of POCI; with isopropanol
to give diisopropyl phosphorochloridate (1) formed in
situ. The reaction of 1 with BDHIQ (2) and consecutive
NaBH,4 reduction afforded a 1:1 mixture of compounds
3 and 4 in 95% overall yield.” The DIPP protecting
group can be easily cleaved, together with O-debenzy-
lation,*° by treatment with ethanol and concd HCI, to
afford the corresponding amine (5) in good yield (80%)?
(Scheme 1).

It is interesting to note that when isopropanol is used
as a solvent in this reaction sequence, N-(O,0-diiso-
propyl phosphoryl) derivative was obtained. However,
if this alcohol is substituted by EtOH or MeOH, the
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corresponding N-ethyl and N-methyl derivatives were
obtained due to in situ formation of PO(OEt); or PO
(OMe)s, respectively.*?

The molecular weight for compound 3 was determined by
low resolution LSIMS (Cs™* at 30 kV) mass spectrometry
(m/z 524 for [MH]* corresponding to C;3yH3;sNOsP).
Under EI conditions the molecular ion fragments were
quickly detected. High resolution mass spectrometry
(HREIMS) allowed us to confirm the proposed struc-
ture for compound 3 by exactly measuring the masses of
the significant daughter ions formed.'? Losses of benzyl
groups, propene molecules and phosphorous acid are
involved in the observed fragmentation pattern. Com-
pound 3 was characterized on the basis of its spectroscopic
data (1D and 2D NMR experiments: 'H, 13C, DEPT,
NOEDIFF, NOESY, COSY 45, COSY LR and HM
QQC),!'" which indicated that the N-phosphoryl group
should be disposed as a phosphorimonium form
(Scheme 2).

The 3'P NMR (CDCls, 100 MHz) spectrum of 3 showed
an absorption at 8p = 7.04, characteristic of a phosphoryl
moiety. In the '*C NMR (CDCl3, 100 MHz) spectrum of
3, three methyne carbons appear as doublets (2Jcp =6,
ZJCP::55 and ZJCPZ:S }{ZL at 5C::70:L 8C3:70l CZ
CH, isopropyl) and d-=55.7 (CH-1), respectively, just
as four isopropyl-methyl groups appear as four doub-
lets (*Jcp=6 Hz), between 5c=23.8 and §-=23.5.

In addition, the NOEDIFF’s observed for 3 were in
accordance with an anti conformation of 1-benzyl group
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with regard to the N-diisopropyl phosphoryl moiety.
Two important NOE’s were observed between H-8 and
both H-1 and one of the CH-isopropyl protons, as well
as negative NOE’s which were observed between the H-
1/OMe-7 and the CH-isopropyl/OMe-7. All these data
revealed an out-of-plane orientation of the 1-benzylic
moiety, and a spatial proximity of one of the isopropyl
groups to the isoquinoline skeleton (Schemes 3 and 4).

Bioactivities

As phosphate esters and N-(O,0-diisopropyl phosphoryl)
derivatives can be considered as good transport systems
in several lipid membranes,!? and due to their ability of
dislocating electron charges, we decided to assay 3 and
their related compounds (2 and 4) as well as the corre-
sponding N-methyl analogue (6),'3 as inhibitors of the
electron transport in the mitochondrial respiratory chain.'4

Synthesized 2—4, and 6 were initially found to be inhibi-
tors of the integrated respiratory chain NADH oxidase
enzymatic activity that includes respiratory chain com-
plexes I, III and IV (see ICs in Fig. 1).1

Once we observed that BTHIQ’s inhibited the respiratory
transport-chain at a micromolar range, we decided to
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Scheme 4. Fully energy-minimized structure perspective of 3 by MM2
calculations.
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Figure 1. 1Csy of NADH oxidase activity for compounds 2—4 [2 (2.91
+ 0.23) uM, 3 (1.69 £ 0.27) uM, 4 (3.88 £ 0.54) uM, 6 (2.70 £ 0.28)
uM ].

perform a series of time-course assays to find out the
target enzyme inhibited within the respiratory com-
plexes. For these purposes we selected the most potent
inhibitor of the series, the N-diisopropyl phosphoryl-
BTHIQ (3) at a fixed high-concentration of 75 uM.

The cytochrome ¢ oxidase activity (complex 1V)>® was
not affected by 3, and this activity was completely
blocked by cyanide (2 mM), a specific inhibitor of this
enzyme. This result seems to give evidence that 3 could
inhibit the respiratory chain at complex I and/or III
levels.

Figures 2A and 2B show the replotted traces of the effect
found for 3 on the time-course oxidation of NADH and
decylubiquinol, both represent the selective enzymatic
activity inhibition of complexes I and 111, respectively.>1°

Indeed the target enzymes within the respiratory chain
of 3 resulted to be both NADH:decylubiquinone
oxidoreductase (complex I) and decylubiquinol:cyto-
chrome c oxidoreductase (complex III). Our results
seem to show that the presence of a diisopropylphos-
phoryl moiety increases the potency inside this new kind
of respiratory chain inhibitors. This discovery opens a
new field to study this large class of natural and syn-
thetic compounds as inhibitors of cell respiration focus-
ing in their possible development as new antitumor
agents.
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