
U. Joost Luelf*, Guido J. Reiss, Ansgar Bokel and Vlada B. Urlacher

Selective biocatalytic synthesis and crystal
structure of (2R,6R)-hydroxyketaminium chloride,
C13H17Cl2NO2

https://doi.org/10.1515/ncrs-2021-0055
Received February 5, 2021; accepted February 18, 2021;
published online April 8, 2021

Abstract
C13H17Cl2NO2, triclinic, P1 (no. 1), a = 7.1486(3) Å,
b = 7.8265(3) Å, c = 13.6579(5) Å, α = 81.085(3)°, β = 77.487(4)°,

γ = 73.335(4)°, Z = 2, V = 711.13(5) Å3, Rgt(F) = 0.0536,
wRref = 0.0878, T = 290 K.

CCDC no.: 2071277

A part of the hydrogen bonded polymeric title structure is
shown in the figure. Table 1 contains crystallographic data
and Table 2 contains the list of the atoms including atomic
coordinates and displacement parameters.

Source of material

The mutated variant I238Q/V286G/L289T/M388A of the cy-
tochromeP450monooxygenaseCYP154E1 fromThermobifida
fusca YX was used to catalyze the oxidation of 120 μmol (R)-
ketamine hydrochloride to (2R,6R)-hydroxyketamine and
-hydroxynorketamine as described by Bokel et al. [5]. The
reaction mixture was incubated for 24 h at 25 °C, 250 revolu-
tions per minute. After addition of sodium carbonate, the
product mixture was extracted using ethyl acetate. A semi-
preparative HPLC was used to purify the (2R,6R)-hydroxy-
ketamine as previously described [5]. The solvents
(acetonitrile/water) were removed via evaporation and
lyophilization. Afterwards, the residue was dissolved in
chloroform with hydrochloric acid to form the title
compound. The solvent was removed again, and the
title compound was dissolved in 2-propanol. Slow
evaporation over night at room temperature gave colorless
needle crystals.

Table : Data collection and handling.

Crystal: Colorless needle
Size: . × . × . mm
Wavelength: Mo Kα radiation (. Å)
μ: . mm−

Diffractometer, scan mode: Xcalibur, ω
θmax, completeness: .°, >%
N(hkl)measured,N(hkl)unique, Rint: ,, , .
Criterion for Iobs, N(hkl)gt: Iobs >  σ(Iobs), 
N(param)refined: 

Programs: Bruker [], SHELX [, ], Diamond []
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Experimental details

All hydrogen atoms were added using different riding
models depending on the chemical surroundings [3].
The Flack parameter [−0.02(3)] was determined using 1973
quotients ([I+] − [I−])/([I+] + [I−]) using the post-refinement
Parsons’ quotients method [3, 6].

Comment

(2R,6R)-hydroxyketamine is one of the minor human me-
tabolites of the anesthetic drug (R,S)-ketamine [7–9].
Whereas the hepatic metabolism by cytochrome P450s
(CYPs) leads to a mixture of several hydroxynorketamines
and hydroxyketamines, mutagenesis of the bacterial
CYP154E1 allowed the selective synthesis of (2S,6S)-
hydroxynorketamine from (S)-ketamine [10] as well as
(2R,6R)-hydroxynorketamine from (R)-ketamine [5]. In this
study, the crystal structure of one of the side products of the
latter reaction is presented.

Molecular description and comparison. The asymmetric
unit of the title structure contains two crystallographically
independent (2R,6R)-hydroxyketaminium cations (system-
atic name: (1R,3R)-1-(2-chlorophenyl)-3-hydroxy-N-methyl-
2-oxocyclohexan-1-aminium; the protonation at the
methylamino group shifts the numbering scheme which
includes the chiral centers) and two chloride counter anions
(see the figure). In contrast to our previously published

Table : Fractional atomic coordinates and isotropic or equivalent
isotropic displacement parameters (Å).

Atom x y z Uiso*/Ueq

Cl . () . () . () . ()
Cl . () . () . () . ()
Cl . () . () . () . ()
Cl . () . () . () . ()
O . () . () . () . ()
HO . () −. () . () . ()*
O . () . () . () . ()
O . () . () . () . ()
HO . () . () . () . ()*
O . () . () . () . ()
N . () . () . () . ()
H . . . .*
H . . . .*
N . () . () . () . ()
H . . . .*
H . . . .*
C . () . () . () . ()
C . () . () . () . ()
C . () . () . () . ()
HA . . . .*
HB . . . .*
C . () −. () . () . ()
HA . −. . .*
HB . −. . .*
C . () −. () . () . ()
HA . −. . .*
HB . −. . .*
C . () . () . () . ()
HA . . . .*
C . () . () . () . ()
C . () . () . () . ()
HA . . . .*
C . () . () . () . ()
HA . . . .*
C . () . () . () . ()
HA . . −. .*
C . () . () . () . ()
HA . . . .*
C . () . () . () . ()
C . () . () . () . ()
HA . . . .*
HB . . . .*
HC . . . .*
C . () . () . () . ()
C . () . () . () . ()
C . () . () . () . ()
HA −. . . .*
HB . . . .*
C . () . () . () . ()
HA −. . . .*
HB −. . . .*
C . () . () . () . ()
HA . . . .*

Table : (continued)

Atom x y z Uiso*/Ueq

HB . . . .*
C . () . () . () . ()
C . () . () . () . ()
HA . . . .*
C −. () . () . () . ()
HA −. . . .*
C −. () . () . () . ()
HA −. . . .*
C . () . () . () . ()
HA −. . . .*
C . () . () . () . ()
HA . . . .*
C . () . () . () . ()
C . () . () . () . ()
HA . . . .*
HB . . . .*
HC . . . .*

828 U.J. Luelf et al.: Synthesis and crystal structure of C13H17Cl2NO2



structure of (2R,4S)-hydroxyketamine [11], the cyclohexa-
none ring is in a different chair conformation, which rules
out an intramolecular hydrogen bond between the aminium
and thehydroxy group. Instead, the conformationof the title
cation is very similar to that of the cation seen in the crystal
structure of (2R,6R)-hydroxynorketaminium chloride [12]. In
general, all molecular geometric parameters are in the
expected ranges [11, 12].

Supramolecular aspects. In the title crystal structure each
cationdonates three classical hydrogenbonds. Indetail, each
cationdonates twoNH ··· Cl bonds andoneOH ··· Cl hydrogen
bond (see the figure). Thus, the (2R,6R)-hydroxyketaminium
cation exclusively donates hydrogen bonds. The fact that the
carbonyl group is not involved in any classical hydrogen
bond is the result of a surplus of hydrogen bond acceptors in
this structure. Obviously, the charge-supported hydrogen
bonds (NH+···Cl− and NH+···O) are preferred. There are two
prominent hydrogen bonding motifs, which should be
mentioned and classified using so-called graph set de-
scriptors [13]. There are 12-membered rings consisting of two
cation and two chloride anions (graph set descriptor: R2

4(12);
see the figure). Furthermore, a simple chain motif is seen,
which is formed by the NH2 groups and the chloride anions
(see the figure; graph set descriptor: C1

2(4)). Consequently, a
chain-type polymer is formed, which propagates along the
crystallographic b axis (red line in the figure).

A further comparison with the aforementioned crystal
structure of (2R,6R)-hydroxynorketaminium chloride [12]
shows that NH3 group instead of the H3C–NH2 moiety
allows a further hydrogen bonding connection leading to a
two-dimensional framework.
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