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A de novo Synthetic Route to 1,2,3,

Derivatives

Synlett 2018, 29, 2066

The group of Professor Lorand Kiss at the Institute of Phar-
maceutical Chemistry, University of Szeged (Hungary) has a
profound interest in the development of selective methods
for the synthetic access to highly functionalized fluorinated
saturated heterocycles and B-amino acid derivatives.! Orga-
nofluorine chemistry is an expanding research field, having
led to various applications of fluorine-containing compounds
in organic synthesis, materials science, medicinal chemistry
and drug discovery.>

Because of the high biological relevance of compounds
possessing the 1,2,3,4-tetrahydroisoquinoline framework, a
large number of synthetic approaches towards the creation
of an isoquinoline or 1,2,3,4-tetrahydroisoquinoline core are
presently known.? However, synthetic routes to tetrahydro-
isoquinoline derivatives containing fluorine atom(s) in their
structure are not particularly abundant.* The aim of the team
from the laboratory of Professor Kiss was to fill this gap and
develop effective synthetic methodologies to access varied
fluorinated 1,2,3,4-tetrahydroisoquinoline derivatives. The
two procedures used most frequently for the incorporation of
fluorine atoms into the skeleton of an organic scaffold are:

a) late-stage fluorination protocols using either nucleo-
philic or electrophilic fluorinating reagents, and

b) the application of various fluorine-containing building
elements in a certain stage of the synthesis.

4-Tetrahydroisoquinoline

Professor Kiss said: “In order to reach the current goal
we have used the second protocol to create fluorinated tetra-
hydroisoquinoline derivatives. The novel synthetic route we
have developed is based on an oxidative ring opening/ring
closing with reductive amination protocol.> The synthesis
starts from indene and some substituted indene derivatives
and, as key steps, it involved olefin bond cleavage through
dihydroxylation/NalO,-mediated oxidation followed by cycli-
zation with primary amines under reductive amination con-
ditions.”

The diols, derived from 0sO,-catalyzed dihydroxylation of
indene derivatives, were subjected to oxidative ring cleavage
with NalO4. The formed unstable diformyl intermediates,
after work-up with extraction without isolation, were further
transformed with commercially available fluorine-containing
primary amines to give the target tetrahydroisoquinoline
compounds in two steps (Scheme 1).

“The two-step protocol consists of reductive amination
of diformyl intermediates with difluoroethylamine, trifluoro-
ethylamine, fluoroethylamine or perfluorinated amines in the
presence of NaBH,CN, through cyclization with ring expansion,
and leads to the corresponding tetrahydroisoquinoline deri-
vatives 1-7 in moderate to good yields (Figure 1),” explained
Professor Kiss. He continued: “The synthetic procedure was
further extended by using indene derivatives substituted
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Scheme 1 Synthetic strategy
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Figure 1 Reaction scope
either on the benzene or on the five-membered ring. Accord- REFERENCES

ingly, 7-bromo-1H-indene and 2-methyl-1H-indene were
selected as model starting compounds to furnish the corres-
ponding isoquinoline derivatives 8-10 through the oxidative
ring opening/reductive ring closing technique (Figure 1).”

Finally, the group also explored the applicability of the
developed method towards various non-fluorinated sub-
stances. Professor Kiss remarked: “The generalization of this
procedure was demonstrated by using three different pri-
mary amines: ethylamine, butylamine, and benzylamine.
Cyclization of the diformyl intermediate in the reaction with
these amines produced the corresponding N-substituted
tetrahydroisoquinoline derivatives 11-13 in moderate yields
(Figure 1).”

“In summary, we developed a relatively simple and effi-
cient procedure for the construction of 1,2,3,4-tetrahydro-
isoquinoline systems possessing various fluorine-containing
or non-fluorinated substituents,” said Professor Kiss. He con-
cluded: “This method, based on oxidative ring cleavage of the
olefinic bond of indene or indene derivatives followed by re-
ductive ring closure through double reductive amination of
diformyl intermediates using fluorinated amines, might be
further extended towards other tetrahydroisoquinoline deri-
vatives. We are currently investigating other applications of
the method.”
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