
Case 23884 PROCESS FOR THE PREPARATION OF
PYRIDO[2,1-AlISOQUINOLINE DERIVATIVESCOMPRISING
OPTICAL RESOLUTION OF AN ENAMINE The present invention
relates to a process for the preparation of
pyrido[2,l-a] isoquinoline derivatives of the formula
wherein R2, R3 and R4 are each independently selected
from the group consisting of hydrogen, halogen,
hydroxy, lower alkyl, lower alkoxy and lower alkenyl,
wherein lower alkyl, lower alkoxy and lower alkenyl
may optionally be substituted by a group consisting of
lower alkoxycarbonyl, aryl and heterocyclyl, and the
pharmaceutically acceptable salts thereof useful for
the treatment and / or prophylaxis of diseases which
are associated with DPP IV. The pyrido [2,1 -a]
isoquinoline derivatives of the formula I are
disclosed in PCT International Patent Appl. WO
2005/000848. A major task in the synthesis of the
compounds of formula I is the introduction of the
chiral center in the pyrido [2,1 -a] isoquinoline
moiety, which in the current synthesis according to
the PCT Int. Appl. WO 2005/000848 involves late stage
racemate separation by chiral HPLC. Such a process is
however difficult to manage on technical scale. The
problem to be solved therefore was to find a suitable
process alternative which allows to obtain the desired
optical isomer in early stage of the process, which
affords a higher yield and which can be conducted on
technical scale. It was found that with the process of
the present invention, as outlined below, the problem
could be solved. Unless otherwise indicated, the
following definitions are set forth to illustrate and 



define the meaning and scope of the various terms used
to describe the invention herein. DK/ 11.07.2007The
term "halogen" refers to fluorine, chlorine, bromine
and iodine, with fluorine, bromine and chlorine being
preferred. The term "alkyl", alone or in combination
with other groups, refers to a branched or straight-
chain monovalent saturated aliphatic hydrocarbon
radical of one to twenty carbon atoms, preferably one
to sixteen carbon atoms, more preferably one to ten
carbon atoms. In this specification the term "lower"
is used to mean a group consisting of one to six,
preferably of one to four carbon atom(s). Thus, the
term "lower alkyl", alone or in combination with other
groups, refers to a branched or straight- chain
monovalent alkyl radical of one to six carbon atoms,
preferably one to four carbon atoms. This term is
further exemplified by radicals such as methyl, ethyl,
n-propyl, isopropyl, n-butyl, s-butyl, isobutyl,
t-butyl, n-pentyl, 3-methylbutyl, nhexyl, 2-ethylbutyl
and the like. Preferable lower alkyl residues are
methyl and ethyl, with methyl being especially
preferred. The term "alkenyl" as used herein denotes
an unsubstituted or substituted hydrocarbon chain
radical having from two to six carbon atoms,
preferably from two to four carbon atoms, and having
one or two olefinic double bonds, preferably one
olefinic double bond. Examples are vinyl, 1-propenyl,
2-propenyl (allyl) or 2-butenyl (crotyl). The term
"alkoxy" refers to the group R'-O-, wherein R' is
alkyl. The term "loweralkoxy" refers to the group
R'-O-, wherein R' is a lower alkyl group as defined
above. Examples of lower alkoxy groups are e.g.
methoxy, ethoxy, propoxy, isopropoxy, butoxy,
isobutoxy and hexyloxy, with methoxy being especially
preferred. The term "lower alkoxycarbonyl" refers to
the group R'-O-C (O)-, wherein R' is a 



lower alkyl group as defined above. The term "aryl"
refers to an aromatic monovalent mono- or
polycarbocyclic radical, such as phenyl or naphthyl,
preferably phenyl, which may optionally be mono-, di-
or trisubstituted, independently, by lower alkyl,
lower alkoxy, halogen, cyano, azido, amino, dilower
alkyl amino or hydroxy. The term "heterocyclyl" refers
to a 5- or 6-membered aromatic or saturated
Nheterocyclic residue, which may optionally contain a
further nitrogen or oxygen atom, such as imidazolyl,
pyrazolyl, thiazolyl, pyridyl, pyrimidyl, morpholino,
piperazino, piperidino or pyrrolidine preferably
pyridyl, thiazolyl or morpholino. Such heterocyclic
rings may optionally be mono-, di- or tri-substituted,
independently, by lower alkyl, lower alkoxy,halogen,
cyano, azido, amino, di-lower alkyl amino or hydroxy.
Preferable substituent is lower alkyl, with methyl
being preferred. The term "pharmaceutically acceptable
salts" embraces salts of the compounds of formula I
with inorganic or organic acids such as hydrochloric
acid, hydrobromic acid, nitric acid, sulphuric acid,
phosphoric acid, citric acid, formic acid, maleic
acid, acetic acid, fumaric acid, succinic acid,
tartaric acid, methanesulphonic acid, salicylic acid,
ptoluenesulphonic acid and the like, which are non
toxic to living organisms. Preferred salts with acids
are formates, maleates, citrates, hydrochlorides,
hydrobromides and methanesulfonic acid salts, with
hydrochlorides being especially preferred. In detail,
the process for the preparation of pyrido [2, 1-a]
isoquinoline derivatives of the formula wherein R2, R3
and R4 are each independently selected from the group
consisting of hydrogen, halogen, hydroxy, lower alkyl,
lower alkoxy and lower alkenyl, wherein lower alkyl,
lower alkoxy and lower alkenyl may optionally be
substituted by a group selected 



from lower alkoxycarbonyl, aryl and heterocyclyl, is
comprising one or more of the steps a), b), c) or d)
wherein step a) comprises the optical resolution of an
enamine of the formula wherein R , R and R are as
defined above and R is lower alkyl or benzyl, in the
presence of an optical active resolving agent to form
the (S) -enamine salt of the formula- Awherein R1, R2,
R3 and R4 are as defined above and RCO2 is the
conjugate base of the resolving agent; step b)
comprises the transformation of the (S)-enamine salt
of formula III into the ester of formula wherein R , R
, R and R are as above and Prot stands for an amino
protecting group; step c) comprises amidation of the
ester of formula IV to form the amide of formula
NHProt wherein R2, R3, R4 and Prot are as defined
above and step d) comprises degradation of the amide
of formula V to form the amine of formula
NHProtwherein R2, R3, R4 and Prot are as defined
above. In one embodiment, the process of the present
invention comprises step a) as defined before. In
another embodiment, the process of the present
invention comprises step a) followed by step b) as
defined before. In yet another embodiment of the
present invention, the process comprises steps a) to
d) together. 



In a further embodiment, the present invention relates
to the process for the preparation of
pyrido[2,l-a]isoquinoline derivatives of the formula
I, wherein the steps b) and c) are carried out without
isolation of the intermediate IV. Preferably R1 is
lower alkyl. More preferably, R1 is methyl, ethyl or
isopropyl. Most preferably, R1 is ethyl. Preferably
R2, R3 and R4 are independently selected from
hydrogen, lower alkyl and lower alkoxy. Especially
preferred are those compounds, wherein R2 and R3 are
lower alkoxy and R4 is hydrogen. Step a) comprises the
optical resolution of an enamine of the formula
wherein R , R and R are as defined above and R is
lower alkyl or benzyl, in the presence of an optically
active resolving agent to form the (S) -enamine salt
of the formulawherein R1, R2, R3 and R4 are as defined
above and RCO2 is the conjugate base of the resolving
agent. The enamine of formula II can be synthesized
from commercially available precursors according to
scheme 1 below. Scheme 1 Suitable resolving agents of
the formula R-CO2H are tartaric acid derivatives of
the formula wherein R5 is selected from the group
consisting of unsubstituted phenyl, phenyl substituted
by one, two, or three groups independently selected
from lower alkyl, lower alkoxy and halogen, lower
alkyl, 



benzyl, wherein the phenyl ring is unsubstituted or
substituted by one, two, or three groups independently
selected from lower alkyl, lower alkoxy and halogen,
and -NH-phenyl, wherein the phenyl ring is
unsubstituted or substituted by one, two, or three
groups independently selected from lower alkyl, lower
alkoxy and halogen; and R6 is selected from the group
consisting of hydroxy, lower alkoxy and -NR7R8,
wherein R7 and R independently from each other are
lower alkyl.Preferably, R5 is selected from the group
consisting of unsubstituted phenyl, phenyl substituted
by one, two, or three groups independently selected
from lower alkyl, lower alkoxy and halogen, and
-NH-phenyl, wherein the phenyl ring is unsubstituted
or substituted by one, two or three groups
independently selected from lower alkyl, lower alkoxy
and halogen. More preferably, R5 is unsubstituted
phenyl or phenyl substituted by one, two, or three
groups independently selected from lower alkyl, lower
alkoxy and halogen. Preferably, R6 is hydroxy or -N(CH
3)2. More preferably, R6 is hydroxy. Examples of
preferred compounds of formula VII are selected from
the group consisting of (+)-O,O'-dibenzoyl-D-tartaric
acid, (+)-O,O'-dibenzoyl-D-tartaric acid mono
dimethylamide, (+)-O,O'-Di-p-toluoyl-D-tartaric acid
and [S-(R*,R*)]-2,3-
bis[[(phenylamino)carbonyl]oxy]-butanedioic acid,
Preferred resolving agent is
(+)-O,O'-dibenzoyl-D-tartaric acid. The term
"conjugate base of the resolving agent" means the
corresponding anions selected from above acids of
formula VII, thus anions having the formula VIII
wherein R and R are as defined above. The optical
resolution according to step a) preferably follows the
principle of a crystallization-induced dynamic optical
resolution (CIDR). In the classical optical 



resolution the desired isomer crystallizes and the
undesired isomer remains in the solution. The yield of
desired isomer can achieve a maximum of 50 % only. The
concept of dynamic resolution is based on the
continuous racemisation of the solved undesired isomer
and the continuous crystallisation of the desired
isomer. The yield of the desired isomer can thus reach
a maximum of 100%. The optical resolution or the
crystallization-induced dynamic optical resolution is
usually performed in a solvent selected from water,
methanol, ethanol, isopropanol,acetone,
tetrahydrofuran, ethyl acetate, toluene or mixtures
thereof. The selection depends on the resolving agent.
For the dynamic optical resolution at least 1
equivalent of the resolving agent is required for
complete conversion. The process temperature is as a
rule kept in a range of 40 0C to reflux temperature,
preferably in a range of 55 0C to 65 0C. The crystals
of the (S)-enamine salt can be separated from the
reaction mixture by filtration and drying. In a
preferred embodiment the optical resolution in step a)
is performed with the enamine of formula II wherein R1
is methyl, ethyl, isopropyl or benzyl, preferably R1
is ethyl. The (S) -enamine salts of formula III are
novel compounds and accordingly are a further
embodiment of the present invention. Preferred (S)
-enamine salts of formula III are: (S) -2-amino-9,
10-dimethoxy- 1,6,7, 1lb-tetrahydro-4Ff-pyrido [2,
1-a] isoquinoline-3- carboxylic acid ethylester,
(2S,3S)-bis-benzoyloxy-succinic acid salt, (S)
-2-amino-9, 10-dimethoxy- 1,6,7,
1lb-tetrahydro-4Ff-pyrido [2, 1-a] isoquinoline-3- 



carboxylic acid methyl ester,
(2S,3S)-bisbenzoyloxy-succinic acid salt, (S)
-2-amino-9, 10-dimethoxy- 1,6,7,
1lb-tetrahydro-4Ff-pyrido [2, 1-a] isoquinoline-3-
carboxylic acid isopropyl ester,
(2S,3S)-bisbenzoyloxy-succinic acid salt, and (S)
-2-amino-9, 10-dimethoxy- 1,6,7,
1lb-tetrahydro-4Ff-pyrido [2, 1-a] isoquinoline-3-
carboxylic acid ethyl ester,
(2S,3S)-bis-benzyloxy-N,N-dimethyl-succinamic acid
salt. Step b) comprises the transformation of the (S)
-enamine salt of formula III by a hydride reduction
under acidic conditions followed by the introduction
of an amino protecting group to the ester of
formulaNHProt wherein R1, R2, R3 and R4 are as above
and Prot stands for an amino protecting group; This
transformation produces the stereoisomer of formula IV
with high selectivity. The hydride reduction is
performed with a reducing agent selected from sodium
borohydride, lithium borohydride and sodium
cyanoborohydride, preferably the reducing agent is
sodium borohydride. As a rule the (S)-enamine salt of
formula III, suspended in a suitable acid, such as
trifiuoroacetic acid, mono-, di- or trichloroacetic
acid, or acetic acid and an organic solvent, such as
tetrahydrofuran (THF) or methyltetrahydrofuran
(MeTHF), is added to a mixture of the reducing agent
and a suitable solvent. The (S)-enamine can also be
added to a mixture of sodium borohydride and trifiuoro
acetic acid in the organic solvent. The reaction
temperature is as a rule kept in a range of -40 0C to
30 0C, preferably in a range of -20 0C to 25 0C. The
free amine can be separated by a work-up procedure
known to the skilled in the 



art, for instance by extraction of the basified
reaction mixture with a suitable organic solvent,
common washing procedures and finally by removing the
solvent. Introduction of the amino protecting group
can be effected following procedures well known to the
skilled in the art. The term "amino protecting group"
or "Prot" refers to any substituents conventionally
used to hinder the reactivity of the amino group.
Suitable amino protecting groups and its introduction
are described in Green T., "Protective Groups in
Organic Synthesis", Chapter 7, John Wiley and Sons,
Inc., 1991, 309-385. Suitable amino protecting groups
are trichloroethoxycarbonyl, benzyloxycarbonyl (Cbz),
chloroacetyl, trifiuoroacetyl, phenylacetyl, formyl,
acetyl, benzoyl, tert-butoxycarbonyl (BOC),
paramethoxybenzyloxycarbonyl, diphenylmethoxycarbonyl,
phthaloyl, succinyl, benzyl,diphenylmethyl,
triphenylmethyl (trityl), methanesulfonyl,
para-toluenesulfonyl, pivaloyl, trimethylsilyl,
triethylsilyl, triphenylsilyl, and the like, whereby
tert-butoxycarbonyl (Boc) is preferred. In a preferred
embodiment step b) comprises the manufacture of ester
IV wherein R2 and R3 are methoxy, R4 is hydrogen and
R1 and Prot are as defined above. More preferably,
step b) comprises the manufacture of ester IV wherein
R1 is ethyl, R2 and R3 are methoxy, R4 is hydrogen and
Prot is Boc. The esters of formula IV are novel
compounds and accordingly are a further embodiment of
the present invention. Preferred esters of formula IV
are: (2S,3S,1 IbS)- 2-tert-Butoxycarbonylamino-9,
10-dimethoxy- 1,3,4,6,7, 1lb-hexahydro-2Hpyrido[
2,l-a]isoquinoline]-3-carboxylic acid ethyl ester, and
(2S,3S,1 IbS)- 2-tert-Butoxycarbonylamino-9,
10-dimethoxy- 1,3,4,6,7, 1lb-hexahydro-2Hpyrido[ 



2,l-a]isoquinoline]-3-carboxylic acid methyl ester.
Step c) comprises amidation of the ester of formula IV
to form the amide of formula wherein R2, R3, R4 and
Prot are as defined above. The amidation is usually
performed with as suitable amidating agent, such as
formamide/ sodium methoxide (NaOMe), formamide/ sodium
ethoxide (NaOEt), acetamide/ sodium methoxide or
acetamide/ sodium ethoxide. The reaction can be
effected in an organic solvent, such as THF, MeTHF,
methanol, DMF, dioxane at temperatures of 10 0C to 70
0C, preferably of 20 0C to 45 0C. In a preferred
embodiment step c) comprises the manufacture of amide
V wherein R2 and R3 are methoxy, R4 is hydrogen and
Prot is an amino protecting group as defined above.In
a preferred embodiment step c) comprises the
manufacture of amide V wherein R2 and R3 are methoxy,
R4 is hydrogen and Prot is Boc. Step d) comprises
degradation of the amide of formula V to form the
amine of formula wherein R2, R3, R4 and Prot are as
above. The degradation of the amide of formula V in
step d) is performed according to the principles of
the Hofmann-degradation using oxidizing agents
selected from PIDA (iodosobenzene diacetate), PIFA
(iodosobenzene bistrifluoracetate) or iodosobenzene
bistrichloroacetate. Preferred oxidizing agents are
PIDA (iodosobenzene diacetate) and PIFA (iodosobenzene
bistrifluoracetate). Usually the reaction is performed
in a suitable solvent such as THF, acetonitrile, water
or mixtures thereof and in the presence of excess of
base such as for example sodium hydroxide or potassium
hydroxide and at a reaction temperature in the range
of 0 0C to 70 



0C, preferably at 10 0C to 30 0C. Work up and
isolation of the amide of formula V can be carried out
according to methods known to the skilled in the art.
In a preferred embodiment, step d) comprises the
manufacture of amine VI wherein R2 and R3 are methoxy,
R4 is hydrogen and Prot is an amino protecting group
as defined above. More preferably, step d) comprises
the manufacture of amine VI wherein R2 and R3 are
methoxy, R4 is hydrogen and Prot is Boc. In a further
embodiment, the invention relates to the preparation
of amines of the formula VI. These compounds are
useful intermediates for the preparation of DPP-IV
inhibitors as disclosed in PCT International Patent
Appl. WO 2005/000848. More preferably, the invention
relates to a process for the preparation of (2S,3S,1
lbS)-(3-amino9,10-dimethoxy- 1,3,4,6,7,
1lb-hexahydro-2H-pyrido [2, 1-a] isoquinolin-2-yl)
]-carbamic acid tert-butyl ester. Further steps:
According to still another embodiment (Scheme 2,
below) the (S)-4-fluoromethyldihydro- furan-2-one
(VII) is directly coupled with the amino-pyrido [2,1
-a] isoquinoline derivative (VI) to form the
hydroxymethyl derivative of the pyrido [2,1 -a]
isoquinoline (VIII), which is then subsequently
cyclized to the fluoromethyl-pyrrolidin-2-one
derivative (IX). The latter can be deprotected to
yield the desired pyrido [2,1 -a] isoquinoline
derivative (I). Scheme 2 In a further preferable
embodiment, the process for the preparation of (S)-I-
((2S,3S, 1IbS) -2-amino-9, 10-dimethoxy- 1,3,4,6,7,
1lb-hexahydro-2H-pyrido [2, 1- 



a]isoquinolin-3-yl)-4-fluoromethyl-pyrrolidin-2-one or
of a pharmaceutically acceptable salt thereof
comprises the subsequent steps: e) coupling of the
(2S,3S,llfcS)-3-amino-9,10-dimethoxy-l, 3,4,6,7,1
lb-hexahydro- 2H-pyrido [2,1 -a] isoquinolin-2-yl)
-carbamic acid tert-butyl ester (amine of formula VI,
wherein R2 and R3 are methoxy, R4 is hydrogen and Prot
is Boc) with the (S) -4-
fluoromethyl-dihydro-furan-2-one of formulaf)
cyclization of the obtained
(2S,3S,llbS)-3-(3-fiuoromethyl-4-hydroxybutyrylamino)
-9, 10-dimethoxy- 1,3,4,6,7, 1lb-hexahydro-2H-pyrido
[2, 1-a] isoquinolin-2- yl] -carbamic acid tert-butyl
ester in the presence of a base, and g) deprotecting
the obtained (2S,3S,1
lbS)-3-((4S)-fiuoromethyl-2-oxo-pyrrolidin-lyl) -9,
10-dimethoxy- 1,3,4,6,7, 1lb-hexahydro-2H-pyrido [2,
1-a] isoquinolin-2-yl] -carbamic acid tert-butyl
ester. The pyrido [2,1 -a] isoquinoline derivatives of
formula (II) as disclosed in the PCT Int. Application
WO 2005/000848 are useful for the treatment and/or
prophylaxis of treatment and / or prophylaxis of
diseases which are associated with DPP IV such as
diabetes, particularly non-insulin dependent diabetes
mellitus, and/or impaired glucose tolerance, as well
as other conditions wherein the amplification of
action of a peptide normally inactivated by DPP-IV
gives a therapeutic benefit. Surprisingly, the
compounds of the present invention can also be used in
the treatment and/or prophylaxis of obesity,
inflammatory bowel disease, Colitis Ulcerosa, Morbus
Crohn, and/or metabolic syndrome or b-cell protection.
Furthermore, the compounds of the present invention
can be used as diuretic agents and for the treatment
and/or prophylaxis of hypertension. Unexpectedly, the
compounds of the present invention exhibit improved
therapeutic and pharmacological properties compared to
other DPP-IV inhibitors known in the art, such as e.g.
in context 



with pharmacokinetics and bioavailability. The
following examples shall illustrate the invention
without limiting it. Examples AbbreviationsSynthesis
of Precursor Compounds Al) Synthesis of
()-l-(3-isopropoxycarbonyl-2-oxo-propyl)-6,7-dimethoxy
-l, 2,3,4- tetrahydro-isoquinolinium chloride (3c) In
a 100-ml two-necked round bottom flask equipped with a
mechanical stirrer, an addition funnel and an argon
in/outlet, 5.0 g of 1 was suspended in 19 ml of
heptane at room temperature. 19 ml of 2-PrOH was added
over 15 minutes and stirring was continued for 1 h. A
200-ml four-necked round bottom flask equipped with a
mechanical stirrer, an addition funnel and an argon
in/outlet, was charged with 7.4 g of 2, 268.0 mg of
NaOAc and 1.9 ml of H2O in 56 ml of 2-PrOH. To this
mixture was added over 1.5 h the previously prepared
emulsion and, after 1 h, 333 mL of cone aqueous HCl
was added. 55 ml of heptane was added over 30 minutes.
The yellow suspension was stirred for 2 h at room
temperature, filtered and washed portionwise with 12
ml of 2-PrOH and 24 ml of heptane (cooled to 0 0C).
Evaporation of the solvent and drying under high
vacuum gave 10.23 g (84%) of 3c as an off-white solid.
The cyclic anhydride of formula 1 used as reagent was
prepared as follows: 2.13L acetic anhydride and 3L
acetic acid were charged at room temperature in the
reaction vessel. The solution was cooled to 8 0C to 10
0C and 2 kg of 1,3-acetonedicarboxylic acid were
added. The reaction mixture was stirred 3h at 8 0C to
10 0C. After a reaction time of about 1.5h, a solution
was almost obtained, upon which crystallization of the
product started. After a reaction time of 3h at 8 to
100C, the suspension was filtered. The crystalls were
washed with 4L toluene and dried at 45 0C / 10 mbar to
20 mbar until 



constant weight to yield 1.33 kg of cyclic anhydride 1
(80% yield). A2) Synthesis of
()-l-(3-ethoxycarbonyl-2-oxo-propyl)-6,7-dimethoxy-l,
2,3,4- tetrahydro-isoquinolinium chloride (3a) 250 g
of cyclic anhydride 1 was charged in the reaction
vessel followed by 925 mL of heptane. 925 mL Ethanol
were added over 15min to the suspension, keeping the
temperature between 20-25 0C. After Ih reaction, the
resulting solution was added over 1.5h to a solution
consisting of 370 g of imine hydrochloride 2, 13.33 g
sodium acetate, 2.77L ethanol and 93mL water, keeping
the temperature between 20-25 0C. The product started
to crystallize during the course of the reaction.
After 1.5 h reaction, 16.48 mL of 37% HClaq were added
followed by the addition of 2.75 L of heptane over
30min. The yellow suspension was stirred 2h at room
temperature and filtered. The filter cake was washed
with a cold (00C) mixture of 599mL ethanol and 1.2 L
of heptane. The crystals were dried at 50 0C under 10
mbar until constant weight to yield 534 g of amine
hydrochloride 3a (88% yield, corrected for HPLC purity
and residual solvent content). A3) Synthesis of
()-l-(3-methoxycarbonyl-2-oxo-propyl)-6,7-dimethoxy-l,
2,3,4- tetrahydro-isoquinolinium chloride In a 100-ml
two-necked round bottom flask equipped with a
mechanical stirrer, an addition funnel and an argon
in/outlet, 5.0 g of lwas suspended in 19 ml of heptane
at room temperature. 19 ml of MeOH was added over 15
minutes and stirring was continued for 1 h. A 200-ml
four-necked round bottom flask equipped with a
mechanical stirrer, an addition funnel and an argon
in/outlet was charged with 7.4 g of 2, 268.0 mg of
NaOAc and 1.9 ml of H2O in 56 ml of MeOH. To this
mixture was added over 1.5 h the previously prepared
emulsion and, after 1 h, 333 ml of cone aqueous HCl
was added. 55 ml of heptane 



was added over 30 minutes. The yellow suspension was
stirred for 2 h at room temperature,filtered and
washed portionwise with 12 ml of MeOH and 24 ml of
heptane (cooled to 0 0C). Evaporation of the solvent
and drying under high vacuum gave 9.37 g (84%) of 3b
as an off-white solid. Bl) Synthesis of
()-2-amino-9,10-dimethoxy-l, 6,7,1
lb-tetrahydro-4H-pyrido[2,la]
isoquinoline-3-carboxylic acid methyl ester (4b) In a
100-ml two-necked round-bottom flask equipped with a
magnetic stirrer, an addition funnel and an argon
in/outlet, 6.0 g of 3b was suspended in 90 ml MeOH at
room temperature and 1.44 g of NaOAc was added. The
suspension was warmed till everything was dissolved,
then added over 30 min at room temperature to a 200-ml
four-necked round bottom flask equipped with a
mechanical stirrer, a thermometer, an addition funnel,
a reflux condenser and an argon in/outlet, containing
30 ml of MeOH and 1.4 ml of formaldehyde solution
(13.3 M in MeOH/H 2O). 3 h later, 4.04 g of NH4OAc was
added then the solution was warmed to 47 0C. After 3 h
the volatiles were removed and the residue was
dissolved in 50 ml of CH2Cl and 25 ml of H2O followed
by slow addition of 40 ml of sat. aq. NaHCO3. The
organic phase was separated and washed twice with
brine. The combined aqueous phase was extracted four
times with 20 ml of CH2Cl2, the organic phases were
collected and dried over MgSO . Filtration and
evaporation of the solvent gave 5.6 g of crude 4b as
red foam. B2) Synthesis of
()-2-amino-9,10-dimethoxy-l,6,7,llb-tetrahydro-4H-pyri
do[2,la] isoquinoline-3-carboxylic acid isopropyl
ester (4c) 3c 4cIn a 100-ml two-necked round bottom
flask equipped with a magnetic stirrer, an addition
funnel and an argon in/outlet, 6.0 g of 3c was
suspended in 90 ml of MeOH at room temperature and
1.44 g of NaOAc was added. The resulting mixture was
transferred 



into an addition funnel and added over 0.5 h at room
temperature to a 200-ml four-necked round-bottom flask
equipped with a mechanical stirrer, a thermometer, a
reflux condenser and an argon in/outlet, containing 30
ml of MeOH and 1.3 ml of formaldehyde solution (13.3 M
in MeOH/H 2O). 3 h later, 3.73 g of NH4OAc was added
and the solution was warmed to 47 0C. After 3 h the
volatiles were removed and the residue was dissolved
in 50 ml of CH2Cl2 and 25 ml of H2O, followed by slow
addition of 38 ml of sat. aq. NaHCO 3. The organic
phase was separated and washed twice with brine. The
combined aqueous phases were extracted four times with
20 ml of CH2Cl2. The combined organic phases were
dried over MgSO . Removal of the solvent and drying on
high vacuum gave 4.98 g of 4c as red foam, which was
used without further purification. B3) Synthesis of ()
-2-amino-9, 10-dimethoxy- 1,6,7,
1lb-tetrahydro-4H-pyrido [2, 1-
a]isoquinoline-3-carboxylic acid ethyl ester (4a) 3a
4a 480 g of amine hydrochloride 3a were charged in the
reaction vessel followed by 7.2 L methanol and 108.9 g
sodium acetate. The obtained solution was added over
25 min, keeping the temperature between 20-22 0C, to a
solution of 106.6 mL 36% aqueous formaldehyde in 2.4 L
methanol. After 2.5h reaction, 306.9 g ammonium
acetate were added and the reaction mixture was heated
to 45-50 0C. After stirring overnight, the solution
was concentrated to a thick oil. 4.0 L dichloromethane
were added followed by 2.0 L water. 3.0 L 10% aqueous
NaHCO were slowly added. The organic phase was
separated and washed with 3.0 L 10% aqueous NaCl. The
aqueous phases were re-extracted sequentially with 3.6
L dichloromethane. The combined organic phases were
concentrated and re-dissolved at reflux in 1.32 L
methanol. The solution was cooled to 00C over 8h, 



stirred 8h at 0 0C and 5h at -25 0C, after which the
suspension was filtered. The filter cake was washed in
portions with in total 800 mL cold (-250C) methanol
and 300 mL cold (- 25C) heptane. The crystals were
dried at 45C under 3 mbar to give 365 g enamino ester
4a (73% yield, corrected for HPLC purity and residual
solvent).Example Ia Procedure for the optical
resolution of ()-enamine 1 using
(+)-O,O'-dibenzoyl-D-tartaric acid: (S) -2-amino-9,
10-dimethoxy- 1,6,7, 1lb-tetrahydro-4ff-pyrido [2,
1-a] isoquinoline-3- carboxylic acid ethyl ester, salt
with (2S,3S)-bis-benzyloxy-succinic acid (5a)
Classical resolution: A 500-ml four-necked flask
equipped with a mechanical stirrer, reflux condenser,
a thermometer, and an argon in/oulet was charged with
racemic enamine 4a (10.0 g, 30.1 mmol) and EtOH/H 2O
9:1 (125 ml) was added. The mixture was heated to 50
0C, whereupon a clear yellowish solution was obtained.
(+)-O,O'-Dibenzoyl-D-tartaric acid (10.8 g, 30.1 mmol)
was added in one portion to give a clear solution.
After a couple of minutes, crystallization started.
The mixture was allowed to slowly cool to ambient
temperature over 2.5 h and was then stirred for
another 14 hours. The suspension was filtered and the
filter cake was washed with EtOH/H 2O (15 ml) at 0 0C.
After drying under vacuum, (S)-enamine salt 5a (9.37
g, 45.1% yield, 98.0% ee) was obtained as white
crystals. The enantiomeric excess was determined by
HPLC on chiral stationary phase using a Chiralcel OD-H
column. mp = 161 0C Example Ib A 1.5 L four-necked
flask equipped with a mechanical stirrer, a reflux
condenser, a Pt-IOO thermometer and a nitrogen inlet
was charged with 85.0 g (249 mmol) enamine 4a and 300
ml ethanol. Under stirring, 95.7 g
(+)-O,O'-dibenzoyl-D-tartaric acid (262 mmol) 



were added as a solid, and the addition funnel was
rinsed with 125 ml abs. ethanol. The white suspension
was stirred for 24 h at 600C, then allowed to slowly
cool to RT. The slightly orange suspension was
filtered, washed with its mother liquor for complete
material transfer, then washed in several portions
with totally 250 ml ethanol. The crystals were dried
at 45C / 10 mbar during 48 h, to give 154.6 g product
(90% yield; assay: 97%; e.r. > 99:1) as a white
powder. mp = 161 0CExample Ic Synthesis (S)
-2-amino-9, 10-dimethoxy- 1,6,7,
1lb-tetrahydro-4ff-pyrido [2, 1-
a]isoquinoline-3-carboxylic acid methyl ester,
(S),(S)-2,3-bisbenzoyloxy-succinic acid (5b) 4b 5b In
a 10-ml two-necked round bottom flask equipped with a
reflux condenser and an argon in/outlet, 500 mg of
methyl ester 4b and 597 mg of
(+)-O,O'-dibenzoyl-D-tartaric acid were dissolved in 3
ml of EtOH at room temperature. The mixture was
stirred in a 65 0C oil bath for 20 h. The resulting
yellow suspension was cooled to room temperature over
1 h, diluted with 5 ml of EtOH and filtered. The
crystals were washed twice with 5 ml of EtOH, and
dried under high vacuum to give 643 mg (91.6% ee) of
5b as an off-white solid.. NMR (DMSO-de, 400 MHz): d
8.00-7.95 (m, 4H); 7.70-7.66 (m, 2H); 7.57-7.53 (m,
4H), 6.81 (s, IH); 6.62 (s, IH); 5.73 (s, 2H);
3.91-3.65 (m, 8H); 3.60 (s, 3H); 3.35-3.20 (m, 2H);
3.15-3.03 (m, IH); 3.00-2.89 (m, IH), 2.80-2.60 (m,
2H); 2.40-2.28(m, IH); Example Id Synthesis of
(S)-2-amino-9,10-dimethoxy-l, 6,7,1
lb-tetrahydro-4ff-pyrido[2,la]
isoquinoline-3-carboxylic acid isopropyl ester,
(S),(S)-2,3-bisbenzoyloxy-succinic acid (5c) 



4c 5c In a 10-ml two-necked round-bottom flask
equipped with a reflux condenser and an argon
in/outlet, 500 mg of isopropyl ester 4c and 549 mg of
(+)-O,O'-dibenzoyl-D-tartaric acid were suspended in 3
ml of EtOH at room temperature. The mixture was
stirred in a 65 0C oil bath for 20 h. The resulting
suspension was cooled to room temperature over 2 h,
diluted with 5 ml of EtOH, and filtered. The solid was
washed twice with 5 ml of EtOH, dried under high
vacuum to give 643 mg (> 99.5% ee) of 5c as an
off-white solid.mp = 156 0C Example 2 Procedure for
the optical resolution of ()-enamine 1 using
dibenzoyl-D-tartaric acid monodimethylamide:
(S)-2-amino-9, 10-dimethoxy-l, 6,7,1
lb-tetrahydro-4H-pyrido[2,la]
isoquinoline-3-carboxylic acid ethyl ester, salt with
(2S,3S)-bis-benzyloxy-N,N-dimethylsuccinamic acid (5d)
4a 5d A 100-ml four-necked flask equipped with a
mechanical stirrer, a reflux condenser, a thermometer,
and an argon in/outlet was charged with racemic
enamine 1 (10.0 g, 30.1 mmol) and EtOH (60 ml) was
added. The mixture was heated to 50 0C, whereupon a
clear solution was obtained. (+) -Dibenzoyl-D-tartaric
acid monodimethylamide (11.5 g, 30.0 mmol) was added
in one portion to give a clear yellowish solution.
Five minutes after addition of the resolving agent,
crystallization started at 50 0C. The mixture was
allowed to slowly cool to ambient temperature and was
stirred at this temperature for another 12 hours. The
suspension was filtered and the filter cake was washed
with EtOH (15 ml) at 0 0C. After drying under vacuum,
(S)-enamine salt 3 (9.09 g, 42.1% yield, 99.3% ee) was
obtained as white crystals. The enantiomeric excess
was determined by HPLC on chiral 



stationary phase using a Chiralcel OD-H column. mp =
161 0C Example 3 Procedure for the preparation of
(S)-2-amino-9,10-dimethoxy-l, 6,7,1
lb-tetrahydro-4Hpyrido[
2,l-a]isoquinoline-3-carboxylic acid ethyl ester (5e)
5a 5eA 500-ml one-necked round bottom flask with a
magnetic stirrer was charged with (S)-enamine tartaric
acid salt 5a (18.6 g, 29.9 mmol, 99.0% ee) and CH2Cl2
(180 ml). Sodium hydroxide solution (1.0 N, 180 ml)
was added and the mixture stirred at room temperature
for 5 minutes. The mixture was transferred to a
separating funnel and the aqueous phase was extracted
with CH2Cl2 (180 ml). Drying over Na2SCU, filtration
and evaporation of the solvent gave the desired
(S)-enamine 5e (8.77 g, 98% yield, 99.0% ee) as a
yellow foam. The enantiomeric excess was determined by
HPLC on chiral stationary phase using a Chiralcel OD-H
column. Example 4 Preparation of (2S,3S,llbS)-
2-tert-Butoxycarbonylamino-9,10-dimethoxy- 1,3,4,6,7,1
Ibhexahydro-
2H-pyrido[2,l-a]isoquinoline]-3-carboxylic acid ethyl
ester (6) 5a A 1.5 L four-necked flask equipped with a
mechanical stirrer, a Pt-IOO thermometer and a
nitrogen inlet was charged with 250 g (362 mmol) of
the tartaric acid salt 5a and 625 ml of dry THF. To
the -100C pre-cooled suspension cooled to 0-5 0C was
slowly added 156 ml (1.99 mol) of trifluoro-acetic
acid during 30 min, maintaining the temperature at
0-50C. A yellow solution was obtained which was kept
at a temperature of 0 - 5 0C. In a second 1.5 L
four-necked flask equipped with a mechanical stirrer,
a Pt-IOO 



thermometer, a reflux condenser and a nitrogen inlet,
14.27 g (362 mmol) of sodium borohydride and 375 ml of
dry THF were charged. The resulting suspension was
cooled to -10 to - 20 0C. To this suspension was
slowly added the reaction mixture from the first flask
during 30 min, maintaining the temperature at -10 to
-20 0C. The addition initially was strongly exothermic
and a vigorous hydrogen evolution took place. After
the addition, the reaction mixture was stirred at to
-5 to 0 0C for 24 hours. After completion of the
reduction, 1.25 L of water was then cautiously added,
followed by 1.25 1 of dichloromethane: The acidic
reaction mixture was then slowly basified using 325 ml
of32 % sodium hydroxide solution during ca. 40 min,
until a pH of 13 -14 was achieved, maintaining the
temperature at -5 to 0 0C. The organic phase was
separated, washed with 1.25 L of 10 % brine, followed
by 1.25L of water. The aqueous phases were collected
and extracted with 1.25 L of dichloromethane. The
organic phases were collected and evaporated to
dryness under reduced pressure at 45 0C. The red
orange residue was then taken up in 800 ml of
dichloromethane and transferred to a 1.5 L four-necked
flask equipped with a mechanical stirrer, a Pt-IOO
thermometer, a reflux condenser, a nitrogen inlet and
a dropping funnel. To the crude reaction mixture, a
solution of 88.68 g of di-tert. -butyl dicarbonate in
200 ml of dichloromethane was added at RT. The
reaction is slightly exothermic. The reaction mixture
was stirred overnight at RT. After completion of the
reaction, the crude mixture was evaporated under
reduced pressure at 45 0C up to a volume of 400 ml.
The residual dichloromethane was evaporated through
solvent exchange under constant volume with 1.5 1of
heptane. The obtained crystals were suspended in 300
ml of heptane and stirred at room 



temperature for 3 hours. The crystals were filtered,
washed portionwise with totally 625 ml of heptane and
dried under reduced vacuum at 45 0C for 48 hours to
give 101.6 g product (64% yield; assay: 99%) as a
white powder. MS: m/e 435 (M+H) +, 380, 379, 318.
Example 5 Preparation of [(2S,3S,llbS)-
(3-Carbamoyl-9, 10-dimethoxy- 1,3,4,6,7,
llb-hexahydro-2Hpyrido[
2,l-a]isoquinolin-2-yl)]-carbamic acid tert-butyl
ester (7) A l L four-necked flask equipped with a
mechanical stirrer, a Pt-IOO thermometer, a dropping
funnel and a nitrogen inlet was charged with 50.0 g
(113 mmol) of ester 6 anddissolved in 488 ml THF. To
this red solution 22.6 ml (566 mmol) formamide was
added at room temperature followed by 44.0 ml sodium
methoxide (0.238 mol, 5.4 M) during 15 min. During the
addition the suspension turned into a slightly reddish
suspension. The mixture was stirred overnight at RT.
It turned to a thick, but well stirrable white
suspension which was diluted with 240 ml methanol and
stirred for 20 min. The suspension was filtered off
and washed portionwise with a mixture of 120 ml THF
and 60 ml methanol. The crystals were dried at 40-450C
at  10 mbar for 24 hours, to give 43.0 g amide 7
(91.3% yield; assay: 97.5%). MS: m/e 406 (M+H) +, 388,
351, 332, 255. Example 6 Direct Preparation of
[(2S,3S,llbS)- (3-Carbamoyl-9,10-dimethoxy-
1,3,4,6,7,1 Ibhexahydro-
2H-pyrido[2,l-a]isoquinolin-2-yl)]-carbamic acid
tert-butyl ester from the tartaric acid salt 5a
(without isolation of ester 6) 5a 7 A four-necked
flask equipped with a mechanical stirrer, a Pt-IOO
thermometer, a 



dropping funnel and a nitrogen inlet was charged with
4.05 g (103 mmol) sodium borohydride and 165 ml dry
THF. The suspension was cooled to -30 to -200C and
treated at this temperature within one hour with 47.8
g (400 mmol) trifluoro acetic acid. To the resulting
solution was added at -30 to -200C in one portion
54.60 g (79 mmol) tartaric acid salt 5a. The mixture
was allowed to warm to RT within 7 hours and then
stirred at this temperature for additional 5 hours.
The mixture was then added at 0 to 100C to 200 ml
water and the pH was adjusted to pH 7.5 to 8.0 by the
addition of 43 g sodium hydroxide solution (28 % in
water). Approximately 200 ml of THF were then
distilled off under reduced pressure and replaced by
the same amount of dichloromethane. The pH was
adjusted to pH 11.0 to 11.5 by the addition of
approximately 36 g sodium hydroxide solution (28 % in
water). The stirrer was turned off and the layers were
allowed to separate. The organic layer was separated
and the aqueous layer was extracted with
dichloromethane (1x90 ml). The combined organic layers
were washed with water (1x90 ml) and then treated at
RT within 10 minutes with a solution of 22.0 g (99
mmol) di-tert. -butyldicarbonate in 44 ml
dichloromethane. After 2 hours at RT dichloromethane
was distilled off and continuously replaced by 900 ml
THF. The mixture (approximately 400 ml) was then
successively treated at 32 to 38C with 35.65 g (788
mmol) formamide and 42.7 g (237 mmol) sodium methoxide
solution (30 % in methanol) and the resulting
suspension was stirred at 32 to 38C for 10 hours. The
mixture was treated with 180 ml water and heated at 60
to 65C for 4 hours. The suspension was cooled to RT
within 1 to 2 hours and stirred at RT for 1 hour. The
crystals were filtered off, washed in two portions
with a mixture of 90 ml THF and 45 ml water and dried
at 60 to 700C at  30 mbar for 15 hours, to afford
25.40 g of amide 7 (79.2% yield; assay: 98.7%(m/m)).
MS: m/e 406 (M+H) +, 388, 351, 332, 255. 



mp: 2700C (DSC; slight decomp. at > 2500C) Example 7a
Preparation of
(2S,3S,llbS)-(3-Amino-9,10-dimethoxy-l,3,4,6,7,llb-hex
ahydro-2Hpyrido[ 2,l-a]isoquinolin-2-yl)]-carbamic
acid tert-butyl ester (8) A 6 L four-necked flask
equipped with a mechanical stirrer, a Pt-IOO
thermometer, a dropping funnel and a nitrogen inlet
was charged with 100 g (242 mmol) amide 7. 982 ml 2 N
sodium hydroxide solution were added and the mixture
stirred for 5 minutes at RT. 1.75 L acetonitrile were
added and stirring was continued for an additional 30
min. To the resulting suspension was added a solution
of 95.5 g (291 mmol) diacetoxyiodosobenzene in 240 ml
water and 500 ml acetonitrile during 15 min,
maintaining the temperature at 18- 22C. The slightly
yellow reaction mixture was stirred at RT for 15 min.
A slightly yellow two-phase mixture containing some
undissolved crystals was formed, to which 400 g sodium
chloride were added and the mixture was further
stirred for 20 minutes at RT, then cooled to 5 0C. A
solution of 220 ml 25 % hydrochloric acid and 220 ml
water were slowly added during 30 min to bring the pH
to about 5.5. From pH of 8 on, a precipitate formed.
The suspension was further stirred for 75 minutes at 5
to 100C and pH 5.5. The suspension was filtered off,
transferred back into the reactor and suspended in 1.5
Ldichloromethane. 1 L of a 10 % sodium bicarbonate
solution was added to the suspension and the mixture
was stirred for 15 minutes, whereas pH 8 was reached.
The organic phase was separated and the aqueous phase
was extracted again with 1 L dichloromethane. The
organic phases were collected and concentrated at 45
0C to just before the crystallization point. 275 ml
TBME were added and the resulting suspension stirred
for 1 hour at RT and then for 1.5 hour at 0 to 4 0C.
The crystals were then filtered off and washed
portionwise with totally 150 ml of cold TBME. 



The crystals were dried at 40-450C at 10 mbar for 48
hours, then suspended in a mixture of 530 ml ethanol
and 530 ml methanol and stirred for 2 hours at RT. The
precipitate was filtered off and washed portionwise
with totally 100 ml of a 1:1 mixture of methanol and
ethanol. The filtrate was evaporated to dryness at 50
0C and the crystals dried at 500C / 1 mbar. They were
then suspended in 400 ml TBME, stirred for 2 hours at
20 0C and then for 2 hours at 0 0C. The crystals were
filtered off and washed portionwise with totally 200
ml cold TBME. The crystals were dried at 40-450C at
20 mbar for 24 hours to give 67.2 g amine 8 (73%
yield; assay: 99%) MS: m/e 378 (M+H) +, 322, 306, 305.
Example 7b Preparation of
(2S,3S,llbS)-(3-Amino-9,10-dimethoxy-l, 3,4,6,7,1
lb-hexahydro-2Hpyrido[
2,l-a]isoquinolin-2-yl)]-carbamic acid tert-butyl
ester (8) A l L four-necked flask equipped with a
mechanical stirrer, a Pt-100 thermometer, a dropping
funnel and a nitrogen inlet was charged with 20.00 g
(49 mmol) amide 7, 85 ml water and 215 ml
acetonitrile. The suspension was treated at 5 to 100C
within 30 minutes with 69.7 g sodium hydroxide
solution (28 % in water). The mixture was heated to 15
to 200C and treated at this temperature within 2 to 3
hours with a solution of 18.07 g (56 mmol)
iodosobenzene diacetate in 46 ml water and 97 ml
acetonitrile. The mixture was stirred at 15 to 200C
for 30 minutes, concentrated under reduced pressure to
a residual volume of approximately 250 ml and then
treated at RT with 30 g hydrochloric acid (37% in
water) to adjust the pH to 9.4 to 9.7. Dichloromethane
(200 ml) was added and the layers were allowed to
separate. The organic layer was separated and the
aqueous layer was extracted with dichloromethane (1x80
ml). To remove insoluble urea by-products the 



combined organic layers were filtered. From the
filtrate dichloromethane was distilled off and
continuously replaced by 220 ml toluene. The
suspension was heated to 700C and the resulting
slightly turbid solution was polish filtered. The
filtrate was concentrated under reduced pressure to a
residual volume of approximately 150 ml. The resulting
suspensionwas heated to 75 to 85C and stirred at this
temperature until a clear solution was obtained. The
solution was then allowed to cool to 0 to 5C within 2
hours, whereby crystallization occurred at
approximately 600C. After 2 hours at 0 to 5C the
crystals were filtered off, washed in two portions
with 50 ml toluene and dried at 45 to 55C at  30 mbar
for 15 hours, to afford 14.70 g of amine 8 (79.0%
yield; assay: 99.6%(m/m)). MS: m/e 378 (M+H) +, 322,
306, 305. mp: 1700C (DSC) Example 8 Transformation of
(2S,3S,llbS)-(3-Amino-9,10-dimethoxy-l, 3,4,6,7,1
lb-hexahydro-2Hpyrido[
2,l-a]isoquinolin-2-yl)]-carbamic acid tert-butyl
ester into (S)-l-((2S,3S,llfoS)-2- amino-9,
10-dimethoxy- 1,3,4,6,7, 1lb-hexahydro-2H-pyrido [2,
1-a] isoquinolin-3-yl) -Afluoromethyl-
pyrrolidin-2-one. a) Preparation of
4-fluoromethyl-5H-furan-2-one A 6 L reactor equipped
with a mechanical stirrer, a Pt-100 thermometer, a
dropping funnel and a nitrogen inlet was charged with
500 g (4.38 mmol) 4-hydroxymethyl-5Hfuran- 2-one and
2.0 L dichloromethane. The solution was cooled to -10
0C and 1.12 kg (4.82 mol)
bis-(2-methoxyethyl)aminosulfur trifluoride
(Deoxo-Fluor) was added during 50 min, maintaining the
temperature at -5 to -10 0C with a cooling bath.
During the addition a yellowish emulsion formed, which
dissolved to an orange-red solution after completed
addition. This solution was stirred for 1.5 h at 15-20
0C, then cooled to -10 0C. 



A solution of 250 ml water in 1.00 L ethanol was added
during 30 min, maintaining the temperature between -5
and -10 0C, before the mixture was allowed to reach 15
- 20 0C. It was then concentrated in a rotatory
evaporator to a volume of ca. 1.6 L at 40 0C / 600-120
mbar. The residue was dissolved in 2.0 L
dichloromethane and washed three times with 4.0 L IN
hydrochloric acid. The combined aqueous layers were
extracted three times with 1.4 L dichloromethane. The
combined organic layers were evaporated in a rotatory
evaporator to give 681 g crude product as a dark brown
liquid. This material was distilled over a Vigreux
column at 0.1 mbar, the product fractions being
collected between 7 1 and 75 0C (312 g). This material
was re-distilled under the same conditions, the
fractions being collected between 65 and 73 0C, to
give 299 g 4-fluoromethyl-5H-furan-2-one (58% yield;
assay: 99%). MS: m/e 118 M+, 74, 59, 41.b) Preparation
of (S)-4-fluoromethyl-dihydro-furan-2-one A 2 L
autoclave equipped with a mechanical stirrer was
charged with a solution of 96.0 g
4-fluoromethyl-5H-furan-2-one (8.27 x 10-1 mol) in 284
mL methanol. The autoclave was sealed and pressurized
several times with argon (7 bar) in order to remove
any traces of oxygen. At - I bar argon, a solution of
82.74 mg Ru(OAcM (R) -3,5-tBu- MeOBIPHEP) (6.62 x 10-5
mol) (S/C 12500) in 100 mL methanol was added under
stirring from a catalyst addition device previously
charged in a glove box (O2 content < 2 ppm) and
pressurized with argon (7 bar). The argon atmosphere
in the autoclave was replaced by hydrogen (5 bar). At
this pressure, the reaction mixture was stirred (-800
rpm) for 20 h at 30 0C and then removed from the
autoclave and concentrated in vacuo. The residue was
distilled to afford 91.8 g (94%)
(S)-4-fluoromethyl-dihydro-furan-2-one. The chemical
purity of the product was 99.7% by GC-area. 



c) Preparation of (2S,3S,1
lfcS)-3-(3-Fluoromethyl-4-hydroxy-butyrylamino)-9,10-
dimethoxy- 1,3,4,6,7, 1lb-hexahydro-2H-pyrido [2, 1-a]
isoquinolin-2-yl] -carbamic acid tertbutyl ester A 1.5
L reactor equipped with a mechanical stirrer, a Pt-IOO
thermometer, a dropping funnel and a nitrogen inlet
was charged with 50 g (128 mmol)
(2S,3S,llfcS)-3-amino-9,10- dimethoxy-1, 3,4,6,7,1
lb-hexahydro-2H-pyrido [2,1 -a] isoquinolin-2-yl)
-carbamic acid tertbutyl ester , 500 mL toluene and
2.51 g (25.6 mmol) 2-hydroxypyridine. To this slightly
brownish suspension, 22.7 g (192 mmol) of
(S)-4-fluoromethyl-dihydro-furan-2-one was added
dropwise at RT. No exothermy was observed during the
addition. The dropping funnel was rinsed portionwise
with totally 100 mL toluene. The suspension was heated
to reflux, whereas it turned into a clear solution
starting from 60 0C, after 40 min under reflux a
suspension formed again. After totally 23 h under
reflux, the thick suspension was cooled to RT, diluted
with 100 mL dichloromethane and stirred for 30 min at
RT. After filtration, the filter cake was washed
portionwise with totally 200 mL toluene, then
portionwise with totally 100 mL dichloromethane. The
filter cake was dried at 50 0C / 10 mbar for 20 h, to
give 60.0 g product (94% yield; assay: 100%). MS: m/e
496 (M+H) +, 437.d) Preparation of (2S,3S, 11bS) -3-
((4S) -Fluoromethyl-2-oxo-pyrrolidin- 1-yl) -9,10-
dimethoxy- 1,3,4,6,7, 1lb-hexahydro-2H-pyrido [2, 1-a]
isoquinolin-2-yl] -carbamic acid tertbutyl ester A 1.5
L reactor equipped with a mechanical stirrer, a Pt-IOO
thermometer, a dropping funnel, a cooling bath and a
nitrogen inlet was charged with 28 g (56.5 mmol) of
(2S,3S,llbS)-3-(3-fluoromethyl-4-hydroxy-butyrylamino)
-9,10-dimethoxy-l,3,4,6,7,llbhexahydro- 2H-pyrido [2,1
-a] isoquinolin-2-yl] -carbamic acid tert-butyl ester
and 750 mL 



THF. The mixture was cooled to 0 0C and a solution of
6.17 mL (79 mmol) methanesulfonic acid in 42 mL THF
was added during 10 min, maintaining the temperature
at 0-5 0C. At 0 0C a solution of 12.6 mL (90.2 mmol)
triethylamine in 42 mL THF was added during 15 min.
The resulting suspension was stirred for 80 min at 0-5
0C, whereas it became gradually thicker. Then 141 mL
(141 mmol) 1M lithium - bis(trimethylsilyl) amide were
added to the mixture during 15 min, whereas the
suspension dissolved. The solution was allowed to
reach RT during 60 min under stirring. 500 mL water
was added without cooling, the mixture was extracted
and the aqueous phase was subsequently extracted with
500 mL and 250 mL dichloromethane. The organic layers
were each washed with 300 mL half saturated brine,
combined and evaporated on a rotatory evaporator. The
resulting foam was dissolved in 155 mL
dichloromethane, filtered and again evaporated to give
30.5 g crude product as a slightly brownish foam. This
material was dissolved in 122 mL methanol, resulting
in a thick suspension, which dissolved on heating to
reflux. After 20 min of reflux the solution was
allowed to gradually cool to RT during 2 h, whereas
crystallization started after 10 min. After 2 h the
suspension was cooled to 0 0C for 1 h, followed by
-25C for 1 h. The crystals were filtered off via a
pre-cooled glasssinter funnel, washed portionwise with
78 mL TBME and dried for 18 h at 45 0C / 20 mbar, to
give 21.0 g of the title product as white crystals
(77% yield; assay: 99.5%). MS: m/e 478 (M+H) +, 437,
422. e) Preparation of
(2S,3S,llfcS)-l-(2-amino-9,10-dimethoxy-l, 3,4,6,7,1
lb-hexahydro-
2H-pyrido[2,l-a]isoquinolin-3-yl)-4(S)-fluoromethyl-py
rrolidin-2-one dihydrochloride A 2.5 L reactor
equipped with a mechanical stirrer, a Pt-100
thermometer, a dropping funnel and a nitrogen inlet
was charged with 619 g (1.30 mol) of
(2S,3S,llfoS)-3-((4S)- 



fluoromethyl-2-oxo-pyrrolidin-l-yl) -9, 10-dimethoxy-
1,3,4,6,7, 1lb-hexahydro-2Hpyrido [2,1 -a]
isoquinolin-2-yl] -carbamic acid tert-butyl ester, 4.2
L isopropanol and 62 mL water and the suspension was
heated to 40-45 0C. In a second vessel, 1.98 L
isopropanol was cooled to 0 0C and 461 mL (6.50 mol)
acetyl chloride was added during 35 min, maintaining
the temperature at 0-7 0C. After completed addition,
the mixture was allowedto reach ca. 15 0C and was then
slowly added to the first vessel during 1.5 h. After
completed addition the mixture was stirred for 18 h at
40-45 0C, whereas crystallization started after 1 h.
The white suspension was cooled to 20 0C during 2 h,
stirred at that temperature for 1.5 h and filtered.
The crystals were washed portionwise with 1.1 L
isopropanol and dried for 72 h at 45C / 20 mbar, to
give 583 g of the product as white crystals (100%
yield; assay: 99.0%)Claims 1. Process for the
preparation of pyrido[2,l-a]isoquinoline derivatives
of the formula wherein R2, R3 and R4 are each
independently selected from the group consisting of
hydrogen, halogen, hydroxy, lower alkyl, lower alkoxy
and lower alkenyl, wherein lower alkyl, lower alkoxy
and lower alkenyl may optionally be substituted by a
group selected from lower alkoxycarbonyl, aryl and
heterocyclyl, comprising one or more of the steps a),
b), c) or d), wherein step a) comprises the optical
resolution of an enamine of the formula wherein R2, R3
and R4 are as defined above and R1 is lower alkyl or
benzyl, in the presence of an optical active resolving
agent to form the (S) -enamine salt of the formula
wherein R1, R2, R3 and R4 are as defined above and
RCO2 is the conjugate base of the resolving agent;
step b) comprises the transformation of the (S)
-enamine salt of formula III into the ester of
formulawherein R1, R2, R3 and R4 are as defined above
and Prot stands for an amino 



protecting group; step c) comprises amidation of the
ester of formula IV to form the amide of formula
wherein R , R ' R and Prot are as defined above; and
step d) comprises degradation of the amide of formula
V to form the amine of formula wherein R2, R3, R4 and
Prot are as defined above. 2. Process according to
claim 1, comprising step a). 3. Process according to
claim 1, comprising the steps a) and b). 4. Process
according to claim 1, comprising the steps a) to d).
5. Process according to claim 1, wherein the steps b)
and c) are carried out without isolation of
intermediate IV.6. Process according to claims 1 to 5,
characterized in that the optical resolution in step
a) is a crystallization-induced dynamic resolution. 7.
Process according to claims 1 to 6, characterized in
that the optical resolution in step a) is performed
with a resolving agent of the formula wherein R5 is
selected from the group consisting of unsubstituted
phenyl, phenyl substituted by one, two, or three
groups independently selected from lower alkyl, lower
alkoxy and halogen, lower alkyl, benzyl, wherein the
phenyl ring is unsubstituted or substituted by one,
two, or three groups independently selected from lower
alkyl, lower alkoxy and halogen, and -NH-phenyl,
wherein the phenyl ring is unsubstituted or
substituted by one, two, or 



three groups independently selected from lower alkyl,
lower alkoxy and halogen; and R is selected from the
group consisting of hydroxy, lower alkoxy and -NR7R ,
wherein R7 and R8 independently from each other are
lower alkyl. 8. Process according to claims 1 to 7,
characterized in that the optical resolution in step
a) is performed with a resolving agent of the formula
wherein R5 is selected from the group consisting of
unsubstituted phenyl, phenyl substituted by one, two,
or three groups independently selected from lower
alkyl, loweralkoxy and halogen, and -NH-phenyl,
wherein the phenyl ring is unsubstituted or
substituted by one, two, or three groups independently
selected from lower alkyl, lower alkoxy and halogen,
and R6 is hydroxy or -NR7R8, wherein R7 and R8
independently from each other are lower alkyl. 9.
Process according to claims 1 to 8, characterized in
that the optical resolution in step a) is performed
with a resolving agent selected from
(+)-O,O'-dibenzoyl-D-tartaric acid and
(+)-O,O'-dibenzoyl-D-tartaric acid mono dimethylamide.
10. Process according to claim 1 to 9, characterized
in that the optical resolution in step a) is performed
in a solvent selected from the group consisting of
water, methanol, ethanol, isopropanol, acetone,
tetrahydrofuran, ethyl acetate, toluene and mixtures
thereof. 11. Process according to claims 1 to 10,
characterized in that the optical resolution in step
a) is performed with the enamine of formula II wherein
R is methyl, ethyl or isopropyl. 12. Process according
to claim 1, characterized in that the transformation
of the (S)- enamine salt of formula III in step b) is
performed by a reduction under acidic conditions
followed by the introduction of an amino protecting
group. 13. Process according to claim 12,
characterized in that the reduction is performed 



with reducing agents selected from sodium borohydride,
lithium borohydride and sodium cyanoborohydride. 14.
Process according to claims 1, 12 or 13, characterized
in that the reduction is performed in an organic
solvent at temperatures of -40 0C to 30 0C. 15.
Process according to claims 1, 12, 13 or 14,
characterized in that an amino protecting group
selected from the group consisting of
trichloroethoxycarbonyl, benzyloxycarbonyl,
chloroacetyl, trifluoroacetyl, phenylacetyl, formyl,
acetyl, benzoyl, tertbutoxycarbonyl,
para-methoxybenzyloxycarbonyl,
diphenylmethoxycarbonyl, phthaloyl, succinyl, benzyl,
diphenylmethyl, triphenylmethyl, methanesulfonyl,
para-toluenesulfonyl, pivaloyl, trimethylsilyl,
triethylsilyl and triphenylsilyl is introduced.16.
Process according to claim 1, characterized in that
the amidation in step c) is performed with formamide/
sodium methoxide, formamide/ sodium ethoxide,
acetamide/ sodium methoxide or acetamide/ sodium
ethoxide. 17. Process according to claim 1 or 16,
characterized in that the amidation in step c) is
performed in an organic solvent at temperatures in the
range of 10 0C to 70 0C. 18. Process according to
claim 1, characterized in that the degradation of the
amide of formula V in step d) is performed according
to the principle of the Hofmanndegradation. 19.
Process according to claims 1 or 18, characterized in
that the degradation of the amide of formula V in step
d) is performed with an oxidizing agent selected from
iodosobenzene diacetate, iodosobenzene
bistrifluoroacetate and iodosobenzene
bistrichloroacetate. 20. Process according to claims 1
to 19 for the preparation of (2S,3S,1 lbS)-(3-amino-
9,10-dimethoxy- 1,3,4,6,7, 1lb-hexahydro-2H-pyrido [2,
1-a] isoquinolin-2-yl) ]-carbamic acid tert-butyl
ester. 



21. Process according to claims 1 to 19 for the
preparation of (S)-l-((2S,3S,llfoS)-2- amino-9,
10-dimethoxy- 1,3,4,6,7, 1lb-hexahydro-2H-pyrido [2,
1-a] isoquinolin-3-yl) -Afluoromethyl-
pyrrolidin-2-one. 22. Process according to claims 1 to
19 for the preparation of (S)-l-((2S,3S,llbS)-2-
amino-9, 10-dimethoxy- 1,3,4,6,7,
1lb-hexahydro-2H-pyrido [2, 1-a] isoquinolin-3-yl)
-Afluoromethyl- pyrrolidin-2-one, comprising the
process according to claims 1 to 19, followed by e)
coupling of (2S,3S,llfcS)-3-amino-9,10-dimethoxy-l,
3,4,6,7,1 lb-hexahydro-2Hpyrido [2,1 -a]
isoquinolin-2-yl) -carbamic acid tert-butyl ester with
the (S)-4-fluoromethyldihydro- furan-2-one of
formulaf) cyclization of the obtained
(2S,3S,llbS)-3-(3-fluoromethyl-4-hydroxybutyrylamino)
-9, 10-dimethoxy- 1,3,4,6,7, 1lb-hexahydro-2H-pyrido
[2, 1-a] isoquinolin-2- yl] -carbamic acid tert-butyl
ester in the presence of a base, and g) deprotecting
the obtained
(2S,3S,llfcS)-3-((4S)-fluoromethyl-2-oxo-pyrrolidin-ly
l) -9, 10-dimethoxy- 1,3,4,6,7,
1lb-hexahydro-2H-pyrido [2, 1-a] isoquinolin-2-yl]
-carbamic acid tert-butyl ester. 23. (S)-Enamine salt
of the formula wherein R1, R2, R3 and R4 are as
defined in claim 1 and RCO2 is the conjugate base of
the resolving agent. 24. Ester of the formula NHProt
wherein R1, R2, R3 and R4 are as defined in claim 1
and Prot stands for an amino protecting group. 25. The
novel processes, intermediates and uses as described
herein before. 




