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ABSTRACT

The naturally occurring eudesmanolide farinosin (1) is now fully characterized

for the first time despite its original isolation almost half a century ago. The early assumed rela-
tive stereochemistry and absolute configuration were confirmed by vibrational circular dichro-
ism together with evaluation of the Hooft X-ray parameters. The molecular conformation is
very similar in the gas stage and in the solid state. Chirality 28:415-419, 2016. © 2016 Wiley

Periodicals, Inc.
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The structure of farinosin was originally proposed® as
4o-hydroxy-3-keto-8-eudesm-1,2-enolide based on some
chemical transformations and mainly on a low-quality
60MHz 'H-NMR spectrum that was published in a book
5years later.? The quality of the spectrum arose from the
limited solubility of the natural product in chloroform in
combination with the inherent low sensitivity of the NMR
spectrometer. Regarding the stereochemistry, the authors as-
sumed that the A/B ring junction was trans with the C-10
methyl group being beta oriented, and that the C-7/C-11 bond
was also beta oriented. The original wrong structural assump-
tion was almost instantaneously® corrected to 1 (Fig. 1) by
moving the 4o-hydroxy group to the 1la position mainly
based on reinterpretation of the same 'H-NMR.

In another phytochemical study? involving 1, which
seemed to be the last one available, the occurrence of the nat-
ural product in hybrid plant material was discussed, but the
assumptions regarding the relative stereochemistry and abso-
lute configuration of 1 were not further addressed.

Over the years, farinosin (1) has turned out to be a biolog-
ically relevant molecule, as evidenced in studies on its antimi-
crobial activity® and on chemical ecology.®' A couple of
studies related to the active constituent abundances in botan-
ical material containing 1 are also available.'?13

It follows that there is a need to complete the spectroscopic
characterization of 1, to know its relative stereochemistry,
and to determine its absolute configuration, since nowadays
such knowledge is of relevance to perform docking calcula-
tions that can lead to a better understanding of biological
activities.

MATERIALS AND METHODS
General

The melting point was determined on a Fisher-Jhons apparatus and is
uncorrected. All nuclear magnetic resonance (NMR) measurements were
performed on a Varian (Palo Alto, CA) Mercury 300 spectrometer. Chem-
ical shifts were referred to tetramethylsilane (TMS). Infrared (IR) and vi-
brational circular dichroism (VCD) spectra were obtained on a BioTools
(Jupiter, FL) dual PEM ChiralIR FT-VCD spectrophotometer and optical
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rotations were measured on a Perkin-Elmer (Boston, MA) 341
polarimeter.

Plant Material

The aerial parts of Encelia fariginosa A. Gray var. farinosa A. Gray
(Asteraceae) were collected some 9km south of the city of Hermosillo,
state of Sonora, Mexico, along Mexican federal highway number 15 (N
28° 567, 48.7, W 110° 57" 43.4) at 225 m above average sea level on June
8, 2015. The plant material was identified by Dr. Jests J. Sanchez
Escalante at Herbario de la Universidad de Sonora, Sonora, Mexico,
where a voucher sample, number 22656, is on deposit.

Extraction and Isolation

The air-dried leaves (277 g) were separated, powdered, packed in a
glass column, and extracted by percolation with acetone (4 x 1 L). The sol-
vent was evaporated under vacuum at 40°C to give 29.3g of residue
which was fractionated by column chromatography on Tonsil using hex-
anes, mixtures of hexanes-EtOAc of increasing polarity (7:3, 1L; 3:2,
1L; 1:1, 2L; 2:3, 1L and 1:4 1L), and EtOAc. The fractions eluted with
hexanes-EtOAc (1:1) were combined based on their thinlayer
chromatography (TLC) profiles to give 13 g of residue. Crystallization
from EtOAc-hexanes afforded 3.7g of farinosin (1), mp 199-200° as
colorless needles (lit." colorless needles, mp 200-201° from CHCls-hex-
ane), [(11589 -116, [(1]578 -125, [(11545 -155, [(1]436 -522 (C 10, CHClg), [llt1
[a]sg9 -111 (¢ 2.25, CHCl3)], Of relevance is to note that we isolated 1 in
1.34% yield of dry leaves in contrast with the 0.13% yield reported! in
the original study.

VCD Analysis

A sample of 6.0 mg of 1 dissolved in 150 uL of 100% atom-D CDCl; was
placed in a BaF; cell with a path length of 0.2 mm and data were acquired
with a resolution of 4 cm™" over 20 h. A baseline correction was done by
subtracting the spectrum of the solvent acquired under identical condi-
tions. The sample stability was monitored by "H NMR analysis immedi-
ately before and after the VCD measurements.
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Fig. 1. Formula of farinosin (1).

Single Crystal X-Ray Diffraction Analysis of 1

The data were collected on a Bruker-Nonius (Billerica, MA) CAD4 dif-
fractometer using Cu Ka radiation (1 =1.54184 A) at 293(2) K in the »/26
scan mode. Crystal data were C15H304, M = 262.29, orthorhombic, space
group P2;2,2;, a=64111(6) A, 5=10.8553(8) A, ¢=19.867(4) A,
V=1382.6(3) A°, Z=4, p=1.260 mg/mm?, 4 =0.745 mm™, total reflections
2279, unique reflections 1985 (R, 0.01%), observed reflections 1969. The
structure was solved by direct methods using the SHELXS-97 program in-
cluded in the WinGX v1.70.01 crystallographic software package. For the
structural refinement, the nonhydrogen atoms were treated anisotropi-
cally, and the hydrogen atoms, included in the structure factor calcula-
tion, were refined isotropically. The final R indices were [I>2c(I)]
R1=3.0% and wR2=8.2%. Largest difference peak and hole, 0.156 and -
0.100 e.A®. The Olex2 v1.1.5 software'* allowed calculating the Hooft pa-
rameter'>® y=0.19(4). For the inverted structure that parameter was
y=0.81(4). Crystallographic data (excluding structure factors) have been
deposited at the Cambridge Crystallographic Data Centre. Copies of the
data can be obtained free of charge on application to the CCDC, Cam-
bridge, UK. The CCDC deposition number is 1457939.

Computational Methods

The atom coordinates extracted from the single crystal X-ray structure
determination were used as the starting point to conduct conformational
searches for 1, using the molecular mechanics force field MMFF94 incor-
porated in the ComputeVOA (BioTools) software package. Only two
conformers within the first 10kcal/mol were found, the second
conformer being 7.94 kcal/mol above the lowest-energy conformer. Both
conformers were submitted to geometry optimization, performing single
point energy calculations at the B3PW91/6-31G(d,p) level of theory,
followed by calculations using the same functional and the DGDZVP
basis employing the Gaussian 09 W (Wallingford, CT) program. Since
the relative energy obtained for these two conformers was significantly
large, of 6.11 kcal/mol, only one conformer was further considered to cal-
culate the vibrational frequencies, dipole transition moment, and rota-
tional strengths. These data were then used to compute the IR and
VCD spectra considering a sum of Lorentzian bands with half-widths of
6cm’. Calculated and experimental spectra were contrasted using the
CompareVOA software.!” All Gaussian calculations were carried out in a
server node with eight processors at 2.93 GHz and 8 Gb of RAM.

RESULTS AND DISCUSSION

Although the IR, UV, and mass spectroscopy (MS) data of
farinosin (1) are well documented in the original publication,’
the 'H NMR data description is quite poor and, according to
the time when the article was written, "*C-NMR data mea-
surements were nonexistent. Since 1 is a quite peculiar
eudesmanolide, with four sp? carbon atoms at the A-ring
and a very uncommon tertiary alcohol at the y-lactone ring,
the molecule deserves detailed 'H and '*C NMR characteriza-
tion. Thus, inspection of the 300 MHz 'H NMR spectrum al-
lows doing a reasonable assignment that can then be
improved by spectra iterations. The H-1 and H-2 vinyllic sig-
nals appear at 6 6.83 and 6.01, respectively, with
J12=10.0Hz, each signal showing a further long-range cou-
pling, which for H-1 is [14,=0.7Hz and for H-2 is
J2.14r=0.8 Hz, as evidenced by homonuclear spin decoupling.
In turn, the exocyclic methylene group hydrogen atoms are
Chirality DOI 10.1002/chir

also long-range coupled, since H-14Z appears at § 6.15 as a
doublet of doublets with /5147z=2.3Hz and J145142=1.0Hz,
while H-14F appears at § 5.25 as an apparent doublet of trip-
lets with J4=2.4 Hz and J; = 1.0 Hz since two coupling constant
values are quite similar. The H-8 lactone ring closure signal
appears as an apparent triplet of doublets at § 5.06 with
Ji=4.3Hz and J3=2.0Hz since again two coupling constant
values are quite similar. The allylic H-5 signal appears as an
apparent doublet of quartets J 2.58 with J4=12.3Hz and
Jq=2.3Hz, while the other methyne signal, corresponding to
H-7, appears as a doublet of doublets of doublets at 6 2.36 with
Jop7=12.6Hz, Js,7=6.4Hz and J;3=4.0Hz. The two methy-
lene groups at C-6 and C-9 also show individual signals for
each hydrogen atom. The easiest one to be assigned is H-6p
at 6 1.27 due to its axial nature, which renders it to seem as
an apparent quartet with J,=12.8 Hz, since /g, is of similar
magnitude as the two axial-axial coupling constants. The
other hydrogen atom of the same methylene group (H-6a) ap-
pears as a slightly broadened doublet of doublets of doublets
at 6 1.85 with J56,=2.5Hz, Js,6s=13.6Hz, and Js,7=6.4 Hz,
since it is long-range coupled with H-1. The remaining meth-
ylene group shows H-98 at ¢ 2.39 as a doublet of doublets with
Js0p=2.0 and Jo,, 95 =15.6 Hz, while H-9« appears at § 1.76 as a
slightly broadened doublet of doublets with Jg,=4.6 Hz and
Jou9s=15.6 Hz, since it is long-range coupled with the angular
methyl group, as is common in steroids'® and as we recently
evidenced during a 750MHz !H-NMR study of
3p-acetoxypregna-5,16-dien-20-one.’® The angular methyl
group appears at § 1.00 as a doublet with /o, 15=0.7 Hz, which
when irradiated causes sharpening of the H-9« signals at
1.76. In turn, the C-13 methyl group appears as a sharp singlet
at 0 1.52 and the OH signal at J 2.63 completes the picture.

The raw 'H NMR data just discussed were used as the
starting point to achieve a complete and detailed 'H NMR as-
signment using the iterative full spin analysis that is inte-
grated in the PERCH (PERCH Solutions, Kuopio, Finland)
v. 2011.1 NMR software.?’ This methodology has been suc-
cessful for the complete spectra assignment of several natural
products,?* and is based on the iterative minimization of
the differences between the simulated and the experimental
spectra to determine the total 'H NMR data for the target
molecule. The 300 MHz free induction decay of 1 was edited
in the preparation (PAC) module, while the molecular struc-
ture of the minimum energy conformer was imported into
the molecular modeling software (MMS) module, both of
the PERCH shell. In addition, all chemical shift values and
the already discussed coupling constants are introduced in
the parameter table. With these values, iteration processes
were accomplished until a convergence was reached to an
RMS of 0.100%. All 'H chemical shifts and coupling constants
are summarized in Table 1. Since PERCH calculations afford
chemical shift with six and coupling constants with four deci-
mal places, and since the experimental 300 MHz spectrum
was acquired with a magnet homogeneity better than
0.22 Hz, the chemical shifts and coupling constant values with
three and two digits after a decimal point, respectively, given
in Table 1 constitute a proper description, as has been done
previously.'*?72® Comparison of the individual multiplets of
the calculated and the experimental 'H NMR spectra is
shown in Figure 2.

With the detailed '"H NMR assignments in hand, the *C
NMR spectrum becomes relatively easy to be assigned. The
two carbonyl groups at 6 188.7 and 176.7 follow directly from
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TABLE 1. NMR Data (*H, 300 MHz, 3C, 75 MHz, CDCls) of farinosin (1).

position 13¢ H multiplicity J
1 159.61d 6.825 dd ]1 2=9.91, ]1 60=0.70
2 126.59 d 6.015 dd ]1 5=9.91, ]2 1urp=0.77
3 188.70's - -
4 144.46 s - -
5 45.01 d 2.585 dddd ]5 60=2.53, ]5 65=12.26, ]5 1UE=2. 44 5,142 = 2.25
6 20.71t 1.848(ar) dddd ]1 60=0.70, ]5 60=2.53, fba 6/;—-13 65, “Jou,7=6.41
1.267(5) ddd ]5 op=12.26, “Jo,6p=-13. 65 Jop7=12.61
7 45.46 d 2.360 ddd ]6,, 7=6.41, ]6/;7 12.61, ]7 s=4.02
8 74.61 d 5.060 ddd ]7 s=4.02, ] 8.90=4.63, ]8 9= 2.04
9 37.32t 1.763(er) ddq ]8%:‘4 63, ]% op=-15.57, J‘)a 15=0.72
2.395(8) dd *Ts05=2.04, *Jon,05=-15.57
10 36.25s - -
11 77.46s - -
12 176.68 s - -
13 19.08 q 1.522 S
14 119.05t 5.250(E) ddd ]2 1ugp=0.77, ]5 1ug=2.44, ]14E 14 =0.96
6.152(2) dd ]g 142=2.25, °J14 142=0.96
15 19.57 q 1.001 d ]9,,, 15=0.72

their chemical shifts, owing to the ketone at C-4 and the lac-
tone at C-12, respectively, while the four remaining sp? car-
bon atoms are easily assigned from their gHSQC
correlations, to the values given in Table 1. The same is true
for all sp® carbon atoms, also summarized in the same table,
since there are only one oxygen bearing and one nonoxygen
bearing quaternary carbon atom that show no correlation in
the gHSQC experiment.

Once the structure of 1 was confirmed after detailed 'H
and ®C NMR measurements, we turned our attention to
know its relative stereochemistry and absolute configuration
(AC). Both were assumed for the original wrong structure,
and were never evaluated in detail. For this purpose we un-
dertook an X-ray study of the natural product. Since the
molecule crystallized in the orthorhombic crystallographic
system, a quarter of the reciprocal sphere data was collected,

which contains twice the minimum reflections needed for a
good structural solution. By doing so and using Cu Ko
radiation, the Hooft parameter'>!® can in favorable cases
be quite informative. Thus, a single crystal of 1 was
mounted on an X-ray diffractometer equipped with a scintilla-
tion counter detector to get as precise as possible reflections
and Cu Ka monochromated radiation was used. The molecu-
lar structure was solved by direct methods and refined to a
discrepancy index of 3.0%. These data were also used to cal-
culate the Hooft parameter,'>!® which was y=0.19(4). For
the inverted structure this parameter was y=0.81(4), which
suggests the correct enantiomer is the one depicted in
Figure 3. In this case the Flack parameter was not very infor-
mative. Since the Hooft parameter is very conclusive only
when for the correct enantiomer, the value is close to zero
and for the wrong enantiomer it is close to the unit, we
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Fig. 2. Comparison of the PERCH calculated (top) and the experimental (bottom) 'H NMR spectra of farinosin (1) in CDCl; at 300 MHz.
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Fig. 3. X-ray crystal structure (top) and minimum energy conformation
(bottom) of farinosin (1) at the BSPW91/DGDZVP level of theory.

decided to obtain further independent conclusive evidence
for the AC of 1 by VCD.

The VCD methodology has been applied successfully in re-
cent years for the AC determination of a considerable number
of natural products,?2® fundamentally by comparison of an
experimental spectrum with one obtained by Density Func-
tional Theory (DFT) calculations. Since farinosin (1) is not
very soluble in chloroform, to obtain the experimental spec-
trum it was necessary to use a BaF, cell with a path length
of 0.2 mm in combination with a long time for data acquisition,
which in this case was 20 h. This combination of experimental
conditions provided a good-quality VCD spectrum which can
be compared with a calculated one.

For the calculation of the vibrational spectra it is necessary
to determine the minimum energy conformational distribu-
tion of the studied molecule. For this purpose, the final atom
coordinates generated by the X-ray analysis were used as the
starting point in a Monte Carlo conformational search per-
formed at the MMX level of theory, which provided two ge-
ometries with a relative energy of 7.94kcal/mol. Geometry
optimization of these two structures was carried out with
DFT calculations using the functional B3PW91 and the
DGDZVP basis set. With this quantum method the con-
formers had a relative energy of 6.11 kcal/mol, and therefore
only the most stable conformer, depicted in Figure 3, was
considered for computing the dipole transition moment and
rotational strengths at the same level of theory. These values
were extracted from the Gaussian output and processed
using Lorentzian functions with a bandwidth of 6cm™.

The assignment of the absolute configuration was followed
by comparison of the experimental and calculated VCD spec-
tra shown in Figure 4, and by using the CompareVOA soft-
ware.l” The program determines, using the IR data, a
specific frequency scaling factor applied to the DFT
Chirality DOI 10.1002/chir

&0
observed VCD r
- 30
B L]
Lg 2
= b4
--30 2
30 1 calculated VCD - -60
15 -
L]
=
x 91
4 15
30 v
7 observed IR - 160 =
= =
120 &
g
~ B0 E
40 T
w L =
a Lg ©
> =
S 90 1 calculated IR
1=
§ 60 -
T 204
sy
o
E 0_ T L T ’ T L4 T

T T T T
1500 1400 1300 1200 1100 1000
viem”

Fig. 4. Vibrational spectra of farinosin (1); calculations were done at the
B3PW91/DGDZVP level of theory.

calculated frequencies to bring them into better agreement
with the observed frequencies, in this case 0.981. Other data
provided?” by the comparison software were the IR spectra sim-
ilarity index (Sir) = 94.8, the VCD spectra similarity for the cor-
rect (Sg) =75.6, and the incorrect enantiomer (Sx) =24.0, the
enantiomeric similarity index (ESI)=51.6, and a 100% confi-
dence level for the comparison.

The DFT optimized minimum energy conformer of 1 is al-
most identical to the solid state structure determined by X-ray
diffraction, as can be seen in Figure 3. This is further evident
from the fact that the largest difference of an angle of the two
six-membered rings being 3.5° for H7-C7-C8-0, as can be ob-
served in Table 2.

TABLE 2. Comparison of selected torsion angles (in deg.)
of the X-ray structure and the most stable conformer of
farinosin (1).

Angle X-ray DFT
H5-C5-C10-C15 -179.8 -179.8
H5-C5-C6-H6p 174.7 176.4
H6p-C6-C7-H7 166.6 163.6
H7-C7-C8-0 -156.4 -152.9
0-C8-C9-H9« 161.4 160.5
H9¢-C9-C10-C15 -163.1 -165.0
C3-C2-C1-C10 0.2 2.9
C1-C2-C3-C4 5.6 7.4
C2-C3-C4-C5 -20.9 -20.6
C2-C3-C4-C14 157.6 159.2
C3-C4-C5-C10 50.6 51.0
C4-C5-C10-C1 -52.2 -52.4
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CONCLUSION

Although farinosin (1) was isolated as early as 1968, no de-
tailed spectroscopic characterization of this very peculiar
eudesmanolide is available in the literature. Therefore we
completely assigned the 'H NMR spectrum of the molecule,
which includes the determination of all long-range coupling
constants, and measured and assigned for the first time the
13C NMR spectrum. We also determined the crystal X-ray
structure, whose Hooft parameter suggested the absolute
configuration, which in turn was tested by comparison of an
experimental VCD spectrum with one obtained by DFT calcu-
lations at the B3PW91/DGDZVP level of theory. In addition,
the calculated minimum energy conformation of 1 in the
gas face is very similar to the solid state conformation deter-
mined by X-ray diffraction analysis.
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