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The first phloroglucinol-triterpenoid hybrids, myrtphlotritins A-E (1-5), were rapidly recognized and iso-
lated from two species of Myrtaceae by employing the building blocks-based molecular network (BBMN)
strategy. Compounds 1-5 featured new carbon skeletons in which phloroglucinol derivatives were cou-
pled with lupane- and dammarane-type triterpenoids through different linkage patterns. Their structures
and absolute configurations were elucidated by comprehensive analysis of spectroscopic data and quan-
tum chemical calculations. Biosynthetic pathways for compounds 1-5 were proposed on the basis of the
coexisting precursors. Guided by the biogenetic pathways, the biomimetic synthesis of compound 1 was
also achieved. Additionally, compounds 2, 3, and 5 exhibited potent antiviral activities against herpes
simplex virus type-1 (HSV-1) infection, and compounds 2 and 5 displayed significant anti-inflammatory
activities on RAW264.7 cells.

© 2024 Published by Elsevier B.V. on behalf of Chinese Chemical Society and Institute of Materia

Medica, Chinese Academy of Medical Sciences.

Phloroglucinol derivatives are typical secondary metabolites
accumulated in the families Myrtaceae, Guttiferae, and Euphor-
biaceae, which have shown broad bioactivities such as antimi-
crobial, anti-inflammatory, and antitumor effects [1-6]. Hitherto,
over 2000 members of phloroglucinol derivatives have been re-
ported [1-3]. Among them, the phloroglucinol-terpenoid adducts
(PTAs) had drawn extensive considerations from both the chemi-
cal and biological communities, due to their diverse carbon skele-
tons and remarkable biological effects [4-7]. Biosynthetically, PTAs
are commonly hypothesized to form by the coupling of the ortho-
quinone methide (0-QM) and terpenoid intermediates [4-7]. For
the latter, it is well known that monoterpenoid [8], sesquiterpenoid
[9,10], and diterpenoid moieties [11] can incorporate with 0-QM
to form the PTA architectures through different combinational pat-
terns. However, as one of the largest and widely occurred motifs in
plant secondary metabolites, the triterpenoid fragments have never
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been described in PTAs, leaving them as the missing pieces of the
diversified PTAs family so far.

During the course of our continuing study on phloroglucinol
derivatives from plants of family Myrtaceae, a number of novel
PTAs with distinguished structural features and significant bioac-
tivities were isolated, some of which had also been biomimeti-
cally synthesized [7-9,12-15]. Recently, in order to discover nat-
ural products more efficiently, the building blocks-based molec-
ular network (BBMN) strategy was presented by our group [16].
This strategy is based on the principle that natural products are
comprised by specific precursors and display correspondent char-
acteristic fragments in their tandem mass spectra. To further ex-
plore the unknown chemical space of PTAs, a BBMN-guided phy-
tochemical investigation on two species of Myrtaceae plants, Lep-
tospermum scoparium and Xanthostemon chrysanthus, was carried
out. As a result, five unprecedented phloroglucinol-triterpenoid
adducts, myrtphlotritins A-E (1-5), were identified (Fig. 1). To the
best of our knowledge, these isolates represented the first ex-
amples of phloroglucinol-triterpenoid adducts in the PTAs king-
dom. Specifically, compounds 1-3 from L. scoparium incorporated
a phenylpropanoyl-triketone motif with a lupane-type pentacyclic
triterpenoid unit via two different linkage patterns. Compounds 4
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Fig. 1. Chemical structures of myrtphlotritins A-E (1-5).

and 5 from X. chrysanthus constituted a pair of epimers, in which
a phenylpropanoyl-triketone moiety and a dammarane-type tetra-
cyclic nortriterpenoid unit were bridged through a carbon-carbon
bond. Herein, we reported the discovery, structure elucidation, and
hypothetical biogenetic pathways of these novel phloroglucinol-
triterpenoid adducts. Additionally, the biomimetic synthesis of
compound 1, as well as the antiviral and anti-inflammatory activi-
ties of 1-5 were discussed.

The liquid chromatography-tandem mass spectrometry (LC-
MS?2) data of the petroleum ether fractions of the flowers of L. sco-
parium and the leaves of X. chrysanthus were respectively acquired
on an ultra high performance liquid chromatography (UHPLC) tan-
dem Orbitrap instrument. Initially, the featured-based molecular
networking (FBMN) was employed to annotate the known com-
pounds from the acquired LC-MS? data [17]. As a result, sev-
eral phloroglucinols together with terpenes were rapidly identified
from the above two fractions, indicating the existence of two bio-
genetic precursors of PTAs in the plants. To obtain the diagnostic
ions for BBMN, the electrospray ionization tandem mass spectra of
PTAs in our compound library were analysed, which afforded the
characteristic product ions at m/z 195.065 (Fig. S1 in Supporting
information) and 95.086 (corresponding to the phenylpropanoyl-
triketone motif and terpene unit, respectively) [18]. Despite the
characteristic ions for triterpenoids were not identified, the larger
molecular weights of triterpenoids than mono- and diterpenoids
might be a suitable indication. Hence, two diagnostic ions at m/z
195.065 and 95.086 were used to filtrate the LC-MS? data of the
extracts, and their BBMN networks were constructed, respectively.
As depicted in Fig. 2, the networks showed several nodes with dis-
tinguished MS? features and larger molecular weights (red ones),
which were selected as targets for further investigation. Following
a LC-MS guided isolation procedure, we finally obtained the target
compounds 1-5.

Myrtphlotritin A (1) was isolated as an amorphous powder. The
molecular formula of 1 was determined as C4gHggO7 by its high-
resolution electrospray ionization mass spectrometry (HR-ESI-MS)
data at m/z 755.4879 [M+H]" (calcd. for C4gHg;07, 755.4881),
corresponding to 16 degrees of unsaturation. The ultraviolet (UV)
spectrum displayed the absorption maxima at 205 and 337 nm. The
infrared (IR) spectrum showed the typical absorptions of carbonyl
(1736 cm~') and benzene ring (1653 and 1456 cm~!). The 'H and
13C nuclear magnetic resonance (NMR) spectra of 1 revealed the
existence of two carbonyls, a monosubstituted benzene ring group,
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Fig. 2. The building blocks-based networks for the petroleum ether fractions of the
flowers of L. scoparium and the leaves of X. chrysanthus.
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and eight methyl groups. Analyses of one- and two-dimensional
(1D and 2D) NMR data resulted in the full assignments of the 'H
and 13C NMR signals of 1 (Table S1 in Supporting information).
Interpretation of the 'H-'H correlation spectroscopy ('H-'H
COSY) spectrum of 1 revealed the presence of seven spin-coupling
systems (Fig. 3). In the heteronuclear multiple bond correlation
(HMBC) spectrum, the key correlations between 2-OH and C-1/C-
2/C-3/C-7, between H,-8 and C-10, between H,-9 and C-7/C-11,
between H,-16 and C-2/C-4, between H3-17 and C-4/C-5/C-6, as
well as between H3-18 and C-4/C-5/C-17 indicated the presence
of a phenylpropanoyl-g-triketone unit (1a) in 1 [19]. Addition-
ally, the key HMBC cross peaks between H,-1’ and C-3//C-5/, be-
tween H3-24" and C-3//C-4/, between H3-23" and C-4’/C-5/C-24/,
between H3-25" and C-1’/C-5'/C-9//C-10/, between H,-7’ and C-5/,
between H,-11" and C-8/, between H3-26" and C-7'/C-8'|C-9'/C-
14/, between H3-27" and C-8'/C-13//C-14//C-15/, between H,-16
and C-14//C-18/, between H,-16"/H-18//H,-22" and C-28/, as well
as between H3-30' and C-19//C-20'/C-29’, suggested the presence
of a lupane-type pentacyclic triterpenoid unit (1b) [20]. Moreover,
the key HMBC correlation between H,-16 and C-20’ revealed the
C-16—C-29’ linkage between 1a and 1b. The above assignments ac-
counted for 15 out of the 16 degrees of unsaturation in 1. The
remaining one degree of unsaturation, together with the obvious
downfield shift of the sp3-hybridized quaternary carbon C-20" (8¢
83.7) and molecular weight information, suggested that C-4 and



J. Zhang, F. Liu, Q. Jin et al.

200 260 300 350 400 200 250 300 350 400
wavelength (nm) wavelength (nm)

expilafd
204 =ee- ealed of (TS SRIRFEIFR TR 1SR TR 20
=== caled of (Y5, SRFRFRINRIVR 1R 1 TSNS

FRERFRINORIVRIERI TELS
SRARIR ORI VR IER TSR+

g
q
10 10
200 250 300 350 400 200 250 300 350 400

wavelength (nm) wavelength (nm)

Fig. 4. Experimental and calculated ECD spectra of 1, 2, 4, and 5.

C-20" were connected via an oxygen atom to form a pyran ring.
Hence, the planar structure of 1 was established.

In the nuclear overhauser effect spectroscopy (NOESY) exper-
iment of 1, the key nuclear overhauser effect (NOE) cross peaks
(Fig. S2 in Supporting information) showed a similar pattern to
those observed in the known compound betulinic acid [20], which
allowed the determination of the configurations of all stereocen-
ters except for C-20’. To solve it, the theoretical 3C NMR chem-
ical shifts of the two possible stereoisomers 20’'R-1 and 20'S-1
were calculated using the GIAO method [21] at the mPW1PW91/6-
311+G(d,p) level, respectively. The calculated 3C NMR chemical
shifts for two C-20" epimers of 1 were corrected using the pro-
vided slope and intercept values, and the difference between the
corrected and experimental data were further evaluated. With a
DP4-+ probability of 100% for the 20’R configuration, the configu-
ration of C-20" was determined as R (Fig. S2). Finally, the absolute
configuration of 1 was confirmed by comparison of the theoretical
electronic circular dichroism (ECD) curves with the experimental
one (Fig. 4).

The molecular formula of myrtphlotritin B (2) was deduced
to be C4gHgs07 by its HR-ESI-MS data at m/z 753.4732 [M+H]|*
(caled. for Cy4gHgs0;, 753.4725). Comparison of the 'H and 3C
NMR data of 2 (Table S1) with those of 1 revealed their simi-
larity, except that the hydroxylated carbon (8¢ 79.1, §y 3.19) in
the triterpenoid section of 1 were replaced by a carbonyl car-
bon (8¢ 218.1) in 2, suggesting that 2 was a 3’-one derivative of
1 [20]. The above assignments were further ascertained by ex-
tensive 2D NMR experiments including the 'H-'H COSY, HMBC,
and NOESY (Fig. 3 and Fig. S3 in Supporting information). Using
a similar gauge-including atomic orbital (GIAO) method described
for 1, the calculated 13C NMR data allowed the determination of
C-20" configuration as R, based on a DP4+ probability of 100%
(Fig. S2). Furthermore, the absolute configuration of 2 was ascer-
tained to be 5'R,8'R9’R,10'R,13/R,14’R,17’5,18/S,19'R,20'R according
to the matched ECD curves between the calculated and experimen-
tal ones (Fig. 4).

The molecular formula of myrtphlotritin C (3) was also assigned
as C4gHg40; by its HR-ESI-MS data at m/z 753.4729 [M+H]*
(caled. for C4gHg507, 753.4725), suggested that 3 is an isomer of 2.
Comparison of the 1D and 2D NMR data of 3 with those of 2 indi-
cated the presence of two moieties (3a and 3b) in 3 deriving from
phenylpropanoyl-g-triketone and betulonic acid [20], respectively.
Differently, the key HMBC correlations between H,-16 and C-2/C-
3/C-4/C-2'|C-3/, revealed that motifs 3a and 3b were connected via
C-2'-C-16 (Fig. 3). In the ROESY spectrum of 3, the correlations be-
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tween H3-25" and H3-24'/H3-26, between H-5" and H3-23'/H-9/,
between H3-27’ and H-9'/H-18’, and between H-13’ and H3-19'/H-
26’ were observed, suggesting that 3 has the same configurations
as betulonic acid. In addition, the ROE correlation between H-2’
and Hs-25’ indicated that they were co-facial, which determined
the configuration of C-2’ (Fig. S3). The absolute configuration of 3
was further confirmed by ECD calculation (Fig. S4 in Supporting
information).

The molecular formula of myrtphlotritin D (4) was established
as C47Hgq0g by its HR-ESI-MS data at m/z 725.4785 [M+H]*
(calcd. for C47Hg50g, 725.4776). Comprehensive analyses of the 1D
and 2D NMR spectroscopic data of 4 led to the full assignments
of its proton and carbon resonances (Table S2 in Supporting infor-
mation). Subsequently, a comparison of the 1D and 2D NMR spec-
troscopic data of 4 with champanone B [22] and dammara-20,25-
dien-3,24-diol [23] suggested the presence of two units (4a and
4b) deriving from phenylpropanoyl-g-triketone and dammarane-
type 27’-nor-triterpenoid, respectively. Besides, the key HMBC cor-
relations between H,-26' and C-3/C-4, as well as between H3-16
and C-26/, indicated that 4a and 4b were linked via the C-3—C-26'
bond (Fig. 3). The key NOE correlations (Fig. S3) of 4 showed a sim-
ilar pattern to those observed in dammara-20,25-dien-3/,24-diol
[23], indicated the stereochemistry as shown in Fig. 1. To deter-
mine the absolute configuration of C-3, the theoretical ECD spectra
of two possible stereoisomers of 4 (3R-4 and 3S-4) were simulated.
As a result, the measured ECD spectrum of 4 was in good agree-
ment with the calculated curve of 3R-4. Thus, the absolute config-
uration of 4 was determined as 3’S,5'R,8'R,9'R,10'R,13/R,14'R17'S,3R
(Fig. 4).

The molecular formula of myrtphlotritin E (5) was deduced to
be identical to that of 4. By comprehensive analysis of its 1D and
2D NMR spectral data (Table S2), the planar structure of 5 was as-
signed to be identical to 4. The major difference was chemical shift
at C-16 (ASc +1.0), suggesting that 5 could be a C-3 epimer of 4.
According to the well matched ECD curve between the calculated
and experimental ones, the absolute configuration of 5 was eluci-
dated as 3'S,5'R,8'R,9’R,10'R,13’'R,14/R,17'S,3S (Fig. 4).

It should be noted that the 'H and ¥C NMR spectra of com-
pounds 1-5 showed some small signals close to the major ones,
indicating the presence of a mixture of tautomeric isomers. Several
studies, including our previous work, had investigated the insepa-
rable keto-enol and Z/E geometric tautomerism of phloroglucinol
derivatives due to the existence of §,8’-tricarbonyl motifs in the
structure [19,22,24]. Similar to the previous reports, the keto-enol
and Z/E geometric tautomerism also existed in 1-5 (Fig. S5 in Sup-
porting information).

Compounds 1-5 represent the first examples of phloroglucinol-
triterpenoid adducts with three types of new carbon skeletons.
Based on the co-isolation of the precursors myrigalone A (6), be-
tulinic acid (7), betulonic acid (8) and champanone B (9) from
the title plants (see Supporting information), plausible biosynthetic
pathways for 1-5 were proposed in Scheme 1. Briefly, oxidation of
6 could give the 0-QM intermediate i, which could undergo hetero-
Diels-Alder reactions with 7 and 8 to afford 1 and 2, respec-
tively. Meanwhile, intermediate i could also couple with 8 to give
3 through a Michael addition reaction. In addition, the oxidation
and decarboxylation of dammara-20,25-dien-3,24-diol [23] could
yield nortriterpenoid intermediate ii [25], which could couple with
9 to generate 4 and 5 through Michael addition reaction.

To further validate the key step of the proposed biosynthetic
pathways, a biomimetic synthesis for 1 was carried out (Scheme S1
in Supporting information). Treatment of myrigalone A (6) with be-
tulinic acid (7), Ag,0, and TEMPO in Et,0 at —78 °C, and followed
by the reflux in PhMe at 110 °C, the major product in 15% yield
was successfully obtained. The 'H and >C NMR data as well as the
ECD curve of the synthetic product were identical to those of myrt-
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Scheme 1. Plausible biogenetic pathways of 1-5.

phlotritin A (1) (Figs. S88-S90 in Supporting information), which
further corroborated its chemical structure. Notably, the hetero-
Diels-Alder reaction between 6 and 7 exhibited high stereoselec-
tivity, in which the larger triterpenoid group adopted the « confor-
mation rather than the 8 conformation to yield a major endo-type
adduct [26].

The isolates were evaluated for their antiviral and anti-
inflammatory activities. As shown in Tables S3 (Supporting in-
formation), compounds 2, 3, and 5 exhibited remarkable anti-
herpes simplex virus type-1 (HSV-1) activities with half-maximal
inhibitory concentration (ICsg) values ranging from 5.96 umol/L
to 19.23pumol/L with selected indexes (SI) over 5, which were
more potent than their precursors (6-—9). Additionally, com-
pounds 2, 5, and 8 displayed significant inhibitory effects on
the lipopolysaccharide-induced nitric oxide (NO) production in
RAW264.7 cells, with IC5q values ranging from 9.63pumol/L to
18.73 umol/L (Table S4 in Supporting information).

In summary, a BBMN-guided phytochemical investigation on
two plants of Myrtaceae had led to the discovery of five
phloroglucinol-triterpenoid adducts with unprecedented carbon
skeletons. Their structures and absolute configurations were elu-
cidated by comprehensive analysis of spectroscopic data, quan-
tum chemical calculations, and biomimetic synthesis. It is worth
noting that these isolates represent the first examples of hy-
brids of phloroglucinols and triterpenoids in the PTAs family. Be-
sides, the presence of the lupane-type pentacyclic triterpenoid
and dammarane-type tetracyclic nortriterpenoid in the molecules
revealed the generality of hybridizations between the simple
phloroglucinols and various terpenoids, which were not confined
to monoterpenoids, sesquiterpenoids, or diterpenoids. Furthermore,
compounds 2, 3 and 5 exhibited potent antiviral activities against
HSV-1 infection, while compounds 2 and 5 also showed significant
anti-inflammatory activities on RAW264.7 cells. This work furthers
our understandings on the structural diversity and biological ef-
fects of PTAs.
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