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Abstract: The title compound, C;;HyINO, is a molecule with three stereogenic centres. It absolute
configuration was derived from the synthesis and confirmed by structure determination (AD, Flack (Parsons’)
parameter: 0.031 (8)). The expected stereochemistry of atoms N1 was confirmed to be S, C5 was confirmed to
S, C6 was confirmed to R. The central N-heterocyclic ring is not planar and adopts a half-chair conformation.
A calculation of least-squares planes showed that these rings are puckered in such a manner that the five
atoms: Cb, C6, C7, C12 and C13 (the second ring: C1, C2, C3, C4, C5 and N1) are planar, while atom N1 is
displaced from these plane with the out-of-plane displacement of -0.694 (4) and -0.670 (5) A in the second
ring, respectively. Dihedral angle between the planes of the central N-heterocyclic rings is 23.4 (2)°. Crystal
structure is also stabilized by C—H - - -O hydrogen interactions.
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Introduction

Alkaloids are the configurationally and conforma-
tionally various group of natural products with a
wide range of biological and human effects. Many
naturally occurring plant alkaloid derivatives
have shown wide spectra of biological properties,
as determined by in vivo pharmacological screen-
ing and research investigation. The attempts to
expansion the activity of alkaloids by chemical
modifications has been successful. Interesting
biological activity has been achieved in compound
where the isoquinolines were used as pharmaco-
phore. Artificially prepared derivatives of natural
lead structures possess biological effects as well
antimicrobial activity. The attempts to increase
the antimicrobial activity of alkaloids by chemical
paths of modifications were successful (Renner et
al., 2009; Fattorusso et al., 2008). Hydroisoquino-
line (benzoisoquinolinium) derivatives play role to
attract the attention of medicinal chemists because
of their potential application as pharmaceutical
drugs for the treatment of DM (Kubo et al., 2000).
Some of them are used in clinical treatment and
they act as inhibitors of testosterone-5a-reductase,
which is of great importance for treatment of vari-
ous skin diseases, for example, acne treatment,
as well as excessive hair loss treatment (Vrabel
et al., 2016). Benzoisoquinoline derivatives are
interesting as selective non-steroidal inhibitors

of steroid Ha-reductase-1 (Guarna et al., 2001).
Selective inhibition of 5a-reductase-1 is currently
investigated as a potential therapeutic tool for the
treatment of dihydrotestosterone-related skin dis-
orders, such as acne, alopecia, male baldness and
hirsutism (Harris & Kozarich, 1997). Hydroiso-
quinoline derivatives, e. g. tylophorine or tylophorin-
ine, are important in a wide range of biological
activities and they possesse anticoagulant and
anti-inflammatory activities. Tylophorine deriva-
tives are known as bioactive compounds with weak
toxic, anti-carcinogenic, anticoagulant and anti-
biotic activities. In this work, epi-benzoanalogue
of bioactive phenanthroquinolidine alkaloid was
prepared by synthesis and X-ray investigation
was performed, and also DFT/B3LYP (Becke,
1988; Becke, 1993; Lee et al., 1988)/LanL.2MB/
Auto calculation. The absolute configuration of
the product was controlled by anomalous disper-
sion. We report here the crystal structure of the

©
HOH |

N@

CHs

Scheme 1: View of molecular structure
of the title compound.
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title compound (Scheme 1) as a novel quinolizine
derivatives, which crystallizes in the noncentrosy-
metric orthorhombic space group P2,2,2, with
one crystallographically independent molecule in
asymmetric unit of the basic cell.

Experimental

The title compound, (5S,11R,11a8)-11-hydroxy-
5-methyl-1,2,3,4,5,6,11,11a-octahydro-pyrido[1,2-
blisoquinolin-5-ium iodide, was prepared accord-
ing to a standard protocol described in literature
(Pagac et al., 2018).

Geometry

All estimated standard deviations (esds) (except for
the esd in the dihedral angle between two L.s. planes)
were estimated using the full covariance matrix.
The cell esds were taken into account individually
in the estimation of esds in distances, angles and
torsion angles; correlations between esds in the cell
parameters were only used when defined by crystal
symmetry.

Refinement

Refinement of [ against all reflections. The
weighted R-factor, wR, and the goodness of fit,
S, are based on F?, conventional R-factors, R, are
based on F, with F set to zero for negative F2. The
threshold expression of F*> 2c(F?) was used only to
calculate the R-factors(gt) etc. and is not relevant to
the choice of reflections for refinement. R-factors
based on F?are statistically about twice as large as
those based on F, and R-factors based on all data are
even larger. All H atoms were positioned with ide-
alized geometry using a constrained riding model
with C—H distances in the range of 0.93—0.98 A
and O—H distance 0.82 A. The U, (H) values were
set to 1.2 U, (C-aromatic) and 1.5 U,, (C-methyl),
respectively.

Data collection

Crystal data and conditions of data collection and
refinement are reported in Table 1. Data collection:
CrysAlis CCD (Oxford Diffraction, 2009); cell re-
finement: CrysAlis CCD; data reduction: CrysAlis
RED (Oxford Diffraction, 2009); program(s) used
to solve structure: SHELXS (Sheldrick, 2015),
Sir2014 (Burla et al., 2015); program(s) used to
refine structure: SHELXL (Sheldrick, 2015); mo-
lecular graphics: Diamond (Brandenburg, 1999),
Ortep-3 (Farrugia, 2012); software used to prepare
material for publication: Gaussian09 (Frisch et al.,
2013), Olex?2 (Dolomanov et al., 2009), PLATON
(Spek, 2009) SHELXL (Sheldrick, 2015), ShelXle
(Hiibschle et al., 2011).

Tab. 1. Experimental details.

Empirical formula C4,HyINO
Formula weight M, =345.21
Temperature 298.0(2) K
Wavelength A=0.71073 A, Mo Ka radiation

Crystal system, space group Orthorhombic, P2,2,2,
a=9.8884(6) A
b=10.6201(5) A
¢=18.9265(8) A

Unit cell dimensions

a, 3,7=90(4) °
Volume V=1462.50(14) A®
Z, Calculated density 4, 1.568 Mg/™3
Crystal size 0.5072 x 0.3915 x 0.1974
Temp 298.0(2) K
F000) 688.0

20 range for data collection 4.824 to 50.694 /°

Index ranges -11<h<11L,-12<k <12,

-16<1<16
Reflections collected 22007
Independent reflections 2679 [R,, = 0.0240,

Rigna = 0.0111]

Data/restraints/ parameters 2679/0/155
Goodness-of-fit on F* 1.057

Final R indexes [I>= 26 (D] R, =0.0185, wR, = 0.0462
Final R indexes [all data] R, =0.0198, wR, =0.0470
Largest diff. peak/hole 0.38/-0.56 eA™3

Flack parameter 0.031(8)

Tab. 2. Selected geometric parameters: bond
lengths (A).

C1—C2 L511(7) C7—C8 1.392(6)
CI—N1 1.526(5) C7—C12 1.394(5)
C2—C3 1.509(7) Cc8—C9 1.375(7)
C3—C4 1.520(6) C9—C10 1.379(8)
C4—Ch 1.520(5) C10—C11 1.877(8)
C5—N1 1.524(4) C13—N1 1.502(5)
C6—C7 1.509(5) C12—C13  1.495(6)
C6—01 1.426(4) Cl4—N1 1.508(4)
C11—C12 1.382(6)

Tab. 4. Hydrogen-bond geometry (A, ©).

D—H---A D—H H---A D---A D—H-.--A
Ol—H1---11 0.82 2.60 3.415(3) 172.2
Cl—HI1A...O1" 0.97 2.33  3.253(5) 158.3
Cl—HI1B-..11%  0.97 3.02  3.965(4) 165.0

Symmetry codes: (i) 2 -x, -1/2+vy, 1/2 - z; (ii) 3/2 -x, 1 -y,
1/2 +z.
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Tab. 3. Selected geometric parameters: bond and torsion angles (deg.).

C2—C1—NI1 112.7(4)
C3—C2—C1 110.5(4)
C2—-C3—C4 110.7(4)
C3—C4—C5 113.0(4)
C4—C5-C6 112.6(3)
C4—C5-—N1 112.2(3)
C6—C5—N1 110.5(3)
C7—-C6—C5h 114.5(3)
01-C6—-C5 104.3(3)
01-C6-C7 111.9(3)
C4—C5-C6-01 -70.9(4)
N1-C5—C6—-01 162.8(3)
N1-C5—C6—C7 40.1(4)
C4—C5-N1-C13 170.0(3)
C12—C13—-N1—-C1 174.1(3)
C12—C13—-N1—-C14 -66.4(4)
C6—C5—N1-C13 -63.4(4)

C5—N1—C1 109.0(3)
CI3—N1—C1 107.7(3)
CI3—N1—-C5 108.2(3)
C13—N1-C14 109.2(3)
Cl4—N1-Cl 110.0(3)
Cl14—N1-C5H 112.5(3)
C8—C7—-C6 119.7(3)
C8—C7—C12 119.0(4)
C12—C7—C6 121.2(4)
C2—C1-N1 112.7(4)
NI1-C1-C2—C3 58.7(5)
C11-C12—C13—N1 154.0(4)
C4—C5-N1-Cl1 53.1(4)
C4—C5-N1-C14 -69.2(4)
C12—C13—N1-C5 56.4(4)
C6—C5—N1-Cl 179.7(3)
C6—C5—-N1-C14 57.4(4)

Results and Discussion

The absolute configuration is known from the
synthesis and it was confirmed by the structure de-
termination. The stereochemistry of atoms N1 was
confirmed to be S, C7 was confirmed to S, C6 was
confirmed to R. Molecular geometry and the atom
numbering scheme of the title compound is shown in
Fig. 1. Crystal packing of the title compound is shown
in Fig. 2 and selected geometric parameters are listed
in Tabs. 2, 3. Central N-heterocyclic rings are not pla-
nar and adopt a half-chair and chair conformation
with atom N1 and N1, C3 above the plane [-0.715 (5)
and -0.670 (5), 0.650 (0.7) A, respectively]. 6-mem-
bered ring N1, C5, C6, C7, C12, C13 is confirmed
by the ring-puckering parameters (Cremer, Pople,
1975): Q=0.516(4) A, 6=49.1(4)° and ¢ =13.0(6)(4)°,
Cremer-Pople puckering amplitudes for second ring
N1, C1, C2, C3, C4, C5: Q = 0.561(5) A, 6 =3.8(5)°
and ¢ = 76(8)°. Dihedral angle between the planes
of the central N-heterocyclic rings is 24.7 (2)°. Atom
N1 is sp’-hybridized, as evidenced by the net charge
on it. The crystal structure is also stabilized by one
intramolecular O1—HI .- .11 and the intermo-
lecular C1—HI1A - - -O1, C1—HI1B - - - 11 hydrogen
interactions as H-atom donor (Tab. 4). Bond length
of the couple atoms group C6—O1 is 1.426 (4) A and
it is not a strange bond (strange C—O—H geometry
with G—O > 1.45 A, ITUCr checkCIF procedure), this
may be due to atom O1 participating in weak intra-
and inter-molecular hydrogen interactions.

The NBO analyse of theoretical calculations
in vacuum and for polarities (but this does not
actually add any polarization functions) at ab initio

@

Fig. 1. Molecular structure of the title compound
with the atom labelling scheme. Displacement
ellipsoids are drawn at the 30 % probability level
(Diamond, 1999).

DFT/B3LYPlevel using LanL2MB basis set model
(single point geometry, net charges) is shown
for selected atoms in Fig. 3 and also I, (Wiberg
bond index; Wiberg, 1966; Gaussian09 rev.: D.01,
2013).
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Fig. 2. Part of the crystal structure of the title compound, showing the formation
of the intra- and inter-molecular hydrogen interactions.
Dashed lines indicate hydrogen bonds.
H atoms not involved in the motif have been omitted (Ortep-3, 2012).
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Fig. 3. Molecular structure of the title compound with the selected charge-atoms
and I, (Wiberg bond index).
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