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Abstract—The synthesis of A*!%-isoquinine (5Z,5E) and A*!°-isoquinidine (6Z,6E) was achieved in one-step through positional
isomerization of the terminal alkene in the parent cinchona alkaloids using catalytic amounts of 5% Rh/Al,O; and excess
hydrochloric acid in refluxing 50% aqueous EtOH. The products were obtained in good yields as a mixture of E and Z geometric

isomers and fully characterized using spectroscopic methods. © 2003 Elsevier Science Ltd. All rights reserved.

Since quinine (1) has historically been prescribed for the
treatment of malaria,' there has been substantial inter-
est in the isolation, structural characterization, synthe-
sis, and biological profiles of its human metabolites.?
This is also the case for quinidine (3), which has found
clinical utility for many years in the treatment of atrial
fibrillation.>* Within this context we wished to develop
a concise synthetic method for the preparation of the
positional isomers of quinine and quinidine, i.e. A*!°-
isoquinine (5Z,5E)° and A*'°-isoquinidine (6Z,6E),° for
their utility as key synthetic intermediates. In this
regard, Carroll and co-workers have elaborated
(6Z,6E) into an important (pharmacologically active)
human metabolite of quinidine.**’ Furthermore, much
attention has been drawn to quinine (1), cinchonine (2),
quinidine (3), and cinchonidine (4) analogues for their
useful properties as chiral ligands in the catalytic asym-
metric dihydroxylation® and aminohydroxylation® of
olefins, as well as the enantioselective phase transfer
catalyzed alkylation of enolates,'® epoxidation of o,p-
unsaturated ketones,!' and the asymmetric Michael
reaction.'? Therefore, mild synthetic methods which are
effective in modifying these alkaloids are of consider-
able interest for the rational and combinatorial design
of new catalysts.
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Department of Chemistry, Dayton, OH 45435, USA. E-mail:
portlockde@aol.com
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Although A*'"-isoquinine (5Z,5E) and A*'°iso-
quinidine (6Z,6F) have been isolated from a complex
mixture of products formed in the reaction of the
parent alkaloids with boiling concentrated sulfuric acid,
the yields are low and the method is impractical for
synthesis.'* To our knowledge there have not been any
other reported methods for the synthesis of (5Z,5E)
and there is only one synthetically feasible method for
the conversion of quinidine (3) to A*!°-isoquinidine
(6Z,6E). This was developed by Carroll et. al. in
19767 and subsequently improved by Hoffmann et. al.
in 1996.1%* This four-step sequence employs the regio-
selective addition of fuming 62% HBr (ca. 6 equiv.) to
the terminal side-chain double bond in 3, followed by
acetylation of the secondary alcohol, elimination of
HBr with DBU, and finally deacetylation to give a
mixture of 6Z and 6F in moderate to good overall
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Table 1. Extent of double bond isomerization in quinine by various catalysts

Entry Catalyst Reaction times (2 h) Reaction times (24 h)
% Quinine % 5Z % 5E % Quinine % 5Z % 5E
1 5% Pd/C 90 8 2 81 14 5
2 5% Pd/Al,O; 90 8 2 85 11 4
3 5% Rh/AL,O4 79 18 3 0 72 28
4 5% Rh/C 60 24 16 0 72 28

yield. Although this reaction sequence has found exten-
sive application for small scale laboratory work,'* for
our purposes we sought to develop a one-step catalytic
process for the isomerization of both quinine (1) and
quinidine (3).

R1
o2
/R

5Z,R'=CH;,R>*=H
5E,R'=H,R*=CH;

6Z,R'=CH;,R>*=H
6E,R' =H, R*=CH;

In 1968 Cheung et. al.!> observed the presence of two
impurities in dihydroquinine, which were formed dur-
ing the commercial hydrogenation of quinine with Pd—
C in ethanol (2-7% yield). Careful isolation using
preparative TLC and structural characterization by 'H
NMR spectroscopy, demonstrated that these contami-
nants were 5Z and 5E."> Apparently, they were formed
as a result of double bond migration via transition
metal catalysis and were resistant to subsequent hydro-
genation under these reaction conditions. Based on this
literature precedent we wondered if quinine and
quinidine could be preparatively converted to 5Z5E
and 6Z,6F in one synthetic step through the positional
isomerization of the terminal alkene in the parent alka-
loids using Pd-C or some other heterogeneous or
homogeneous catalyst. In this paper we describe the
results of these studies. Furthermore, we have qualita-
tively compared Pd versus Rh supported on both alu-
mina and activated carbon for catalytic efficiency.

Transition metal reagents have been used extensively to
catalyze the positional isomerization of carbon—carbon
double bonds.'®!7 Practical synthetic applications have
most frequently been realized with Wilkinson’s
catalyst!”!® and RhCl; hydrate.!” This isomerization
approach is predicated empirically upon the preference
for a double bond to migrate into conjugation and/or
to a more highly alkyl substituted position. In this
regard, the conversion of quinine (1) and quinidine (3)
to A*-isoquinine (5Z/5E) and A*!'°-isoquinidine (6Z/
6EF), respectively, should be favored thermodynamically
(Saytzev’s Rule), since a terminal mono-substituted
double bond is isomerizing to an internal tri-substituted

position. The observations of Cheung et. al.!> are con-
sistent with this expectation, but it was not clear a
priori whether this approach could be used for practical
synthetic application with an inexpensive hydrogenation
catalyst such as 5% Pd-C. For example, it is well
documented that multi heteroatom (basic) substrates
can coordinate to commercial Pd/C and poison the
catalytic activity.?®> We have now observed in our labo-
ratory (as predicated by the results of Cheung et. al.'”)
that when quinine is solubilized in 50% aqueous etha-
nol with 10 equiv. of hydrochloric acid, treated with 5%
Pd-C catalyst (5% by weight) under an atmosphere of
argon, and then heated to 90°C for 24 h, that it is
slowly but incompletely converted (Table 1, entry 1) to
two new products (as detected by HPLC).?! Preparative
separation of the reaction components followed by
structural characterization revealed that peak one is 57
and peak two is SE.*> Modifying reaction conditions to
include a different catalytic support (i.e. 5% Pd-Al,O,),
did not significantly improve these results (Table 1,
entry 2). Although no efforts were made to drive the
isomerization to completion by longer reaction times,
increased temperature, or variation of solvent, we did
explore additional catalysts. Remarkably, when quinine
was treated with 5% Rh/ALO; or 5% Rh/C (5% by
weight), complete conversion to 5Z and 5E was
observed during a 24 h period (Table 1, entries 3 and
4). The reaction was readily performed on a larger scale
(10 g) providing a 95% yield of a mixture of 5Z/5E.
Very similar results were obtained for the isomerization
of quinidine (3) to a mixture of 6Z and 6E.*

In summary, we have developed a mild and efficient
one-step preparative procedure to convert quinine and
quinidine to their A*' positional isomers.?* This
method should provide ready access to these useful
synthetic intermediates.> 2
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HPLC analyses were performed on a Waters (Milford,
MA, USA) Alliance HPLC/PDA chromatography system
equipped with a 996 photodiode array UV detector and a
2690 separations module controlled by the Waters Mil-
lennium 2020 data system. All peaks were detected at a
wavelength of 250 nm. For analytical HPLC of the
quinine reaction, a 10 pL sample (1 mg/mL concentration
in MeOH) was injected on a Chiralcel OJ-R (150x4.6
mm, 5 pm) column and the two isomers were separated at
ambient temperature by an isocratic elution with a
mobile phase consisting of MeOH:H,0:HCO,-
H:Et;N:THF (3/95/0.2/0.2/2, v/v/v/v/v). At a flow rate of
1 mL/min, quinine was eluted at 11.0 min, the Z isomer
at 16.5 min, and the E isomer at 17.8 min.

Milligram samples of pure 5Z and 5E were isolated with
difficulty using a preparative scale chiral stationary phase
HPLC column as described for the analytical method.*!
NMR spectra were taken on a Bruker Avance DRX 600
spectrometer at room temperature. Chemical shift values
are reported relative to tetramethylsilane (TMS) as the
external standard. One-dimensional 'H NOE difference,
two-dimensional 'H COSY and NOESY, as well as 'H-
13C HMQC experiments were performed to assign proton
and carbon resonances. (Z£)-A>'-Isoquinine (5Z): 'H
NMR (600 MHz, CDCl,): § 1.21 (m, H7%, 1H), 1.48 (d,
J=7 Hz, HI1, 3H), 1.87 (m, H5*, 1H), 2.24 (m, H5°,
1H), 2.31 (m, H7°, 1H), 2.59 (m, H4, 1H), 3.20 (m, H6?,
1H), 3.37 (m, H8, 1H), 3.82 (s, H11l’, 3H), 3.86 (m, H2,
2H), 4.58 (m, H6, 1H), 5.40 (m, J=7 Hz, H10, 1H), 6.43
(s, H9, 1H), 6.84 (d, J=2 Hz, HY, 1H), 7.04 (dd, /=2, 9
Hz, H7', 1H), 7.67 (d, J=4 Hz, H3, 1H), 7.74 (d, /=9
Hz, HY8’, 1H), 8.60 (broad s, H12, 1H), 8.71 (s, H2', 1H).
Important NOE: H-10 with H-4 (strong), H-2 with H-11
(strong), and no NOE observed between H-2 and H-10.
13C NMR (150 MHz, CDCl,): 6 13.3 (1°, C-11), 24.6 (2°,
C-7), 25.5 (2°, C-5), 32.7 (3°, C-4), 45.9 (2°, C-6), 56.8 (2°,
C-2), 57.5 (1°, C-11"), 62.7 (3°, C-8), 68.1 (3°, C-9), 99.0
(3°, C-5), 118.5 (3°, C-3'), 120.0 (3°, C-10), 122.2 (3°,
C-7), 131.8 (3°, C-8'), 147.6 (3°, C-2").
(E)-A*"-Isoquinine (SE). '"H NMR (600 MHz, CDCl,): §
1.16 (m, H7%, 1H), 1.54 (d, J=7 Hz, H11, 3H), 1.83 (m,
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H5%, 1H), 2.24 (m, H5°, 1H), 2.33 (m, H7°, 1H), 2.97 (m,
H4, 1H), 3.23 (m, H6%, 1H), 3.34 (m, H8, 1H), 3.64 (s,
H11’, 3H), 3.82 (m, H2, 2H), 4.60 (m, H6®, 1H), 5.30 (m,
J=7 Hz, H10, 1H), 6.42 (s, H9, 1H), 6.85 (d, J=2 Hz,
HS5', 1H), 7.04 (dd, /=2, 9 Hz, H7, 1H), 7.67 (d, J=4
Hz, H3', 1H), 7.75 (d, J=9 Hz, H¥', 1H), 8.60 (broad s,
H12, 1H), 8.71 (d, J=4 Hz, H2', 1H). Important NOE:
H-11 with H-4 (strong), H-10 with H-2 (strong). '*C
NMR (150 MHz, CDCly): 6 13.4 (1°, C-11), 23.5 (2°,
C-7), 24.3 (2°, C-5), 25.3 (3°, C-4), 44.7 (2°, C-6), 56.4 (1°,
C-11), 57.5 (2°, C-2), 61.1 (3°, C-8), 66.9 (3°, C-9), 100.5
(3°, C-5), 119.2 (3°, C-3"), 120.9 (3°, C-10), 122.7 (3°,
C-7'), 132.0 (3°, C-8'), 147.9 (3°, C-2).

For analytical HPLC of the quinidine reaction, a 10 pL
sample (1 mg/mL concentration in MeOH) was injected
on a Waters Symmetry Shield RP 18 (3.9x150 mm, 5 pm)
column and the two isomers were separated at ambient
temperature by an isocratic elution with a mobile phase
consisting of CH;CN:H,O:HCO,H:Et;N (5/95/0.2/0.2, v/
v/v/v). At a flow rate of 1 mL/min, quinidine was eluted
at 22.2 min, the Z isomer at 21.0 min, and the E isomer
at 24.0 min. For preparative HPLC of the quinidine
isomerization mixture, 100 pL of sample (50 mg/mL in
MeOH) was injected on a Waters Symmetry Prep CI18
(7.8x300 mm, 7 pm) column with a flow rate of 6
mL/min. Using 5% Rh/AL,O; the result obtained at 2 h
for the isomerization of quinidine (3) to a mixture of 6Z
and 6E were 49, 17 and 34%, respectively, while after 24
h, 0% quinidine (3), 36% 6Z and 64% 6F were obtained.
Representative procedure for double bond isomerization:
(a) analytical scale: A magnetically stirred mixture of
quinine or quinidine free base (1.0 g, 3.08 mmol, 1.0
equiv.), 50% aqueous EtOH (50 mL), concentrated (37%,
12N) HCI (2.56 mL, 30.8 mmol, 10.0 equiv.), and the
catalyst (50 mg) was heated with an oil bath (90°) under

an atmosphere of argon. Aliquot samples were removed
periodically and syringe filtered through a disposable
LC13 PVDF Acrodisc (pore size 0.45 pm filter, diameter
13 mm) to remove catalyst prior to HPLC analysis. The
reaction was monitored by analytical HPLC.?!** (b)
Preparative scale: A stirred mixture of quinine dihy-
drochloride or quinidine dihydrochloride salt (10.0 g,
25.2 mmol) and 5% rhodium/Al,O; catalyst (500 mg) in
50% aqueous ethanol (500 mL) was refluxed under an
atmosphere of nitrogen. In a typical experiment isomer-
ization was shown by HPLC to be complete after 24 h.
At this time the reaction mixture was cooled, the catalyst
filtered through Celite, and the filtrate evaporated to a
residue, which was dissolved in water (250 mL). The pH
was adjusted to 9 with conc. NH,OH and the resulting
white precipitate washed well with water and dried to a
constant weight in a vacuum desiccator. Purification of
this crude product isomer mixture by preparative HPLC
eluting with THF gave a mixture of the £ and Z isomers
as a white solid in both cases (7.8 g, 95%). Final purifica-
tion to the pure individual E or Z isomers can be
achieved with difficulty as described.?>?* A*!°-Isoquinine
(5Z|SE mixture): CHN calcd for C,,H,,N,O,: C, 74.05;
H, 7.46; N, 8.63; Found: C, 73.85; H, 7.49; N, 8.53; MS
(EI): 324 (M+); NMR data.?? A3!"-isoquinidine (6Z/6E
mixture): '"H NMR (MeOH-d,): § 1.57 (m, 1H), 1.67 (d,
J=17 Hz, 3H), 1.92 (m, 1H), 1.98 (m, 2H), 2.40 (m, 1H),
2.70 (s, 1H), 3.10-3.63 (m, 3H), 3.96 (m, 1H), 4.12 (m,
3H), 5.02 (m, 1H), 5.58 (m, 1H), 6.30 (s, 1H), 7.63 (d,
1H), 7.74 (dd, 1H), 8.11 (d, 1H), 8.16 (d, 1H), 8.94 (d,
1H). 3C NMR (MeOH-d,): 13.1, 24.2, 25.0, 33.3, 50.3,
51.9, 53.6, 57.5, 68.9, 103.2, 119.6, 121.4, 127.5, 128.8,
132.2, 133.1, 139.3, 144.8, 1539, 163.3; HRMS:
325.191911 [caled for C,oH,,N,O, 325.191603 (M+H)*].
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