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Seven novel acylphloroglucinol-sesquiterpenoid adducts, designated as dryatraols J-P (1-7),
were isolated from the rhizomes of Dryopteris atrata (Wall. ex Kunze) Ching. The structures,
including absolute configurations, were elucidated using comprehensive spectroscopic data,
calculated "*C Nuclear Magnetic Resonance-Diastereotopic Probability Assignment Plus (**C
NMR-DP4+) probability analysis, and ECD calculations. These structures represent a rare sub-
class of carbon skeleton of acylphloroglucinol-sesquiterpenoid adducts with a furan ring con-
necting the acylphloroglucinol and sesquiterpenoid moieties. Notably, compounds 1-6 are
the first reported examples of acylphloroglucinol-sesquiterpenoid adducts with dimeric acyl-
phloroglucinol incorporated into the aristolane- or rulepidanol-type sesquiterpene, while
compound 7 features a hydroxylated monomeric acylphloroglucinol motif. A preliminary
evaluation of their antiviral activities revealed that compounds 1-6 exhibited more potent
activities against respiratory syncytial virus (RSV) with ICs, values ranging from 0.75 to 3.12

umol-L™" compared to the positive control (ribavirin).

1. Introduction

Phloroglucinols constitute a significant class of natural
products, characterized by their chemical diversity and extensive
range of biological activities. These compounds are widely dis-
tributed across land plants, marine organisms, and microorgan-
isms . Within the genus Dryopteris, phloroglucinols are con-
sidered characteristic constituents and can be categorized into
two primary subclasses: oligomeric acylphloroglucinols and acyl-
phloroglucinol-terpenoid adducts *. Comprehensive studies on
Dryopteris species have led to the characterization of over 200
phloroglucinols. Although acylphloroglucinol-terpenoid adducts
represent a minority among these compounds, they have
garnered increasing attention due to their intriguing structures
and notable antiviral, antifungal, antibacterial, and anti-inflam-
matory properties *”.

In our previous investigations of the genus Dryopteris (D.
championiiand, D. crassirhizoma, and D. atrata), we sought struc-
turally diverse and bioactive acylphloroglucinol-terpenoid ad-
ducts. These studies resulted in the isolation and identification of
several unique skeletal structures with potent bioactivities® *°.

* Corresponding author.
E-mail addresses: twangguocai@jnu.edu.cn (G. Wang); ybzhang99@126.com
(Y. Zhang); chennenghua@jnu.edu.cn (N. Chen)
® These authors contributed equally to this work.

https://doi.org/10.1016/S1875-5364(25)60839-9

Continuing our research on the rhizomes of D. atrata, we isolated
seven new acylphloroglucinol-sesquiterpenoid adducts, repres-
enting a less common subclass of carbon architecture featuring a
furan ring as the coupling pattern (Fig. 1). Compounds 1-6 are
noteworthy dimeric acylphloroglucinol-sesquiterpenoid adducts,
while compound 7 is characterized by a hydroxylated monomer-
ic acylphloroglucinol unit. These isolates were evaluated for their
antiviral activities against herpes simplex virus type 1 (HSV-1)
and respiratory syncytial virus (RSV). Significantly, compounds
1-6 demonstrated superior antiviral activities against RSV com-
pared to the positive control (ribavirin), with ICs, values ranging
from 0.75 to 3.12 pmol-L™". This study details the isolation pro-
cess, structural characterization, and antiviral evaluation of these
compounds.

2. Result and Discussion

The NMR spectra of compounds 1-6 exhibited two analog-
ous sets of signals in an approximate ratio of 6:1. This observa-
tion is attributed to the keto-enol tautomerization of the enoliz-
able 1,3-diketone system present in the filicinic acid moiety, a
phenomenon previously documented *. For the purposes of this
study, only the major isomer of each compound is described.

The molecular formula of compound 1 was established as
C34H,4,09 based on the high-resolution electrospray ionization
mass spectrometry (HR-ESI-MS) ion peak at m/z 595.2895

Copyright © 2025, China Pharmaceutical University. Published by Elsevier B.V. All rights reserved.
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Fig. 1 Structures of compounds 1-7.

[M + H]" (Calcd. for C34H,304, 595.2902) and the **C NMR data, in-
dicating fourteen double bond equivalents. The 'H nuclear mag-
netic resonance (NMR) spectrum (Table 1) revealed four distinct-
ive hydroxyl groups [6y 18.51, 15.33, 11.30 and 9.91 (each 1H,
s)], two shielded methine protons [6y 0.52 and 0.49 (each 1H, d,
J = 10.1 Hz)], and eight methyl groups [éy 2.69, 2.56, 1.49, 1.48,
1.46,1.08 and 1.02 (each 3H, s), and 0.87 (3H, d, / = 6.9 Hz)]. The
3C NMR data, supported by heteronuclear single quantum coher-
ence (HSQC) and distortionless enhancement by polarization
transfer (DEPT) experiments, exhibited thirty-four carbon reson-
ances attributed to seventeen non-protonated carbons (including
thirteen sp’ at 8¢ 203.9, 202.7, 199.5, 188.0, 172.2, 161.0, 160.6,
160.5, 113.9, 111.8, 108.9, 106.7 and 101.5, and one sp3 at ¢
44.7), five methines (one oxygenated at 6; 91.9), four methyl-
enes (one at §; 17.0), and eight methyls (four at 6. 30.6, 29.2,
25.0, 24.7). Detailed analysis of the aforementioned 1D NMR data
indicated the presence of a norflavaspidic acid moiety (fragment
1) in 1. Subsequently, careful comparison of the remaining fif-
teen resonances (fragment II) demonstrated good agreement
with those of an aristolane-type sesquiterpene of 10-hydroxyaris-
tolan-9-one ''. Considering this information, it was deduced that
compound 1 was an adduct composed of a dimeric acylphloroglu-
cinol and an aristolane-type sesquiterpene.

The assignment of fragments I and I, as well as the coupling
pattern, was further corroborated through analysis of the 2D
NMR data (Fig. 2). In the heteronuclear multiple bond correlation
(HMBC) spectrum, correlations from Hs-11 (8 2.69) to C-2 (6c
108.9)/C-10 (6; 203.9) and from H3-8" (6y 2.56) to C-3' (8¢
101.5)/C-7' (8¢ 202.7) indicated that both substituents in the side
chains of fragment | were acetyl groups, connected to C-2 and C-
3’, respectively. This supported the identification of fragment [
as a norflavaspidic acid AA moiety. Furthermore, comparison re-
vealed that the primary distinction between fragment Il and 10-
hydroxyaristolan-9-one was the presence of two methine car-
bons (6 91.9, C-1" and & 34.3, C-2"") in 1, replacing one ketone
group (6¢ 215.9, C-9) and one methylene carbon (6. 34.5, C-8) in
10-hydroxyaristolan-9-one. It was deduced that C-8/C-9 in 10-
hydroxyaristolan-9-one were replaced by C-1"/C-2" in 1, serving
as the fused positions linking fragment [ . This deduction was
confirmed by the HMBC correlations from H-2" (6y 3.49) to C-4'
(8¢ 161.0)/C-5' (6, 113.9)/C-6' (8, 160.6) and "H-"H COSY correl-
ation of H-1" (6 4.28) and H-2", along with the molecular for-
mula information and chemical shifts of C-4'/C-1" indicating an
oxygen bridge between C-4’ and C-1". Consequently, a furan ring
was identified as the coupling pattern linking fragments [ and
I, thereby determining the planar structure of 1.

The relative configuration of 1 was elucidated through ana-
lysis of nuclear overhauser effect spectroscopy (NOESY) experi-
ment data. In the NOESY spectrum (Fig. 3), cross peaks between
H;-14"" (6, 1.08) and H-4" (6 0.49)/H3-15" (6 0.87) indicated
their positioning on the same side, arbitrarily assigned as a-ori-
entation. Then, the NOE correlation of H-1" (6y 4.28) and H-6"
(64 2.32) suggested HO-10" and H;-14" shared the same orienta-
tion. Additionally, the correlation between H-2"" (6 3.49) and H;-
13" (8, 1.49) revealed that H-1" and H-2"" were B-oriented. These
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observations established the relative stereochemistry. The abso-
lute configuration of compound 1 was determined through
quantum-chemical electronic circular dichroism (ECD) calcula-
tions. As illustrated in Fig. 4, comparison of calculated and experi-
mental ECD spectra demonstrated that the calculated ECD curves
for (1”R,2"S,3"5,4""S,5"'R,6''R,10"'S)-1 aligned well with the ex-
perimental results. Consequently, the structure of compound 1
(dryatraol ]) was conclusively determined, with the absolute con-
figuration assigned as 1R, 2"'S, 3"'S, 4"S,5"R, 6''R, 10"'S.

The molecular formulas of compounds 2 and 3 were determ-
ined to be C35H4409 and C3¢Hy609 based on the HRE-SI-MS ion
peaks at m/z 609.3064 [M + H]" (Calcd. for C35H,<0,, 609.3058)
and m/z 623.3214 [M + H]" (Calcd. for C35H4,09, 623.3215), re-
spectively. Comparison of the 1D NMR data of 2 and 3 with those
of 1 indicated that they shared the same skeletal core, with the
only difference being the replacement of the acetyl group (6¢
202.7 and 30.6) in 1 by a propionyl group (6¢ 205.9, 36.0 and 8.6)
in 2 and a butyryl group (6 205.7, 44.6, 18.9, 14.3) in 3, respect-
ively. These findings were confirmed by the HMBC correlation
from Hs-9' (6 1.15) to C-7' (8 205.9), along with 'H-"H COSY
cross-peaks of H,-8' (6y 3.03) and H;3-9’ in 2, and HMBC correla-
tion from H,-8' (8 2.96) to C-7' (8¢ 205.7), as well as the "H-'H
COSY correlations of H,-9' (6 1.70) and H,-8'/H3-10" (6 0.98) in
3. Consequently, the 2D structures of 2 and 3 were established,
and their absolute configurations were determined to be identic-
al to that of 1 due to structural similarities and matching experi-
mental ECD spectra as shown in Fig. 4.

Compound 4 exhibited a molecular formula of C35H,4;04, as
established by its *C NMR and HR-ESI-MS data (m/z 605.2761
[M - HJ, Calcd. for C35H4109, 605.2756). Careful comparison of
the 1D NMR data indicated that 4 possessed an identical acyl-
phloroglucinol motif (fragment [ ) to that of compound 2 and the
same sesquiterpenoid moiety (fragment II) as dryatraol A °. The
coupling pattern of a furan ring was further confirmed by HMBC
correlations from H-1"" (6 5.10) to C-4' (6 161.7) and from H-2"
(6y 3.22) to C-4'/C-5' (6. 114.5). The relative configuration of 4
was determined to be the same as that of dryatraol A, supported
by NOE correlations between H;-14" (6y 1.08) and H-6" (&y
2.36)/H3-15" (6y 0.98), between H-2" (6y 3.22) and H-4" (64
2.77), as well as between H;-13" (8 1.17) and H-1" (6y 5.10)/H-
4", Comparison of the experimental ECD spectrum with calcu-
lated spectra (Fig. 4) led to the assignment of the absolute config-
uration of compound 4 as 1"'R, 2"'S, 4"'S, 5"'S, 6"'S. Consequently,
the structure of 4 was determined as depicted.

The HR-ESI-MS spectra of compounds 5 and 6 revealed ion
peaks at m/z 591.2626 [M - H] (Calcd. for C34H3909, m/z
591.2600) and m/z 619.2907 [M - H] (Calcd. for C3gH430,,
619.2913), respectively, corresponding to their molecular formu-
las of C34H4009 and C3gH4409. This indicates that 5 and 6 differ
from 4 by fourteen (CH;,) mass units less and more, respectively.
Detailed analysis of the 1D NMR data of 5 and 6 revealed close
similarity to those of 4, with the exception of an acetyl unit (6
202.9, 30.8) in 5 and a butyryl group (6 206.2, 44.7, 19.5, 14.3)
in 6 replacing the propionyl group in 4, respectively. The HMBC
correlations from Hs-8' (6y 2.56) to C-3' (6 101.8)/C-7" (¢
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202.9) in compound 5, and 'H-"H COSY spin system of H,-8'-H,-
9'-H3-10' (6 0.94), along with HMBC correlation from H,-8" (&,
2.87, 2.96) to C-7' (6¢ 206.2) in compound 6 further confirmed
these conclusions. Thus, the planar structures of compounds 5
and 6 were elucidated, and their absolute configurations were

Table 1 'H and "°C NMR data for compounds 1-4 (J in Hz)"
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determined to be identical to that of 4, as further evidenced by
comparison of their experimental ECD spectra (Fig. 4).

A molecular formula of CysH3,05 was assigned to compound
7 based on the *C NMR (Table 2) and HRESIMS data. Detailed
analysis of the 1D and 2D NMR data of compound 7 revealed the

1 2 3 4
No.
S 5c S 5 S 5 P 5
1 ; 188.0 ; 188.0 ; 188.1 ; 188.0
2 ; 108.9 ; 109.0 ; 109.1 ; 109.0
3 ; 199.5 ; 198.3 ; 199.6 ; 199.5
4 ; 447 ; 446 ; 448 ; 448
5 ; 172.2 ; 172.0 ; 1724 ; 1723
6 ; 1118 ; 111.7 : 111.9 : 111.9
7 351s 17.0 353s 17.0 353s 172 350 171
8 1465 247 147s 247 147s 248 1485 25.0
9 1485 25.0 150 25.0 1495 25.1 1495 25.0
10 ; 2039 ; 2035 : 204.0 : 203.9
11 2695 292 2725 294 2.70's 292 270s 29.4
1 ; 106.7 ; 106.7 : 107.0 : 106.6
2 ; 160.5 ; 160.0 ; 160.6 ; 160.0
3 ; 1015 ; 101.0 ; 101.3 ; 101.4
& ; 161.0 ; 160.8 ; 161.0 ; 161.7
5 ; 113.9 ; 113.9 ; 1140 ; 114.5
¢ . 160.6 . 160.0 . 160.9 . 1603
7 ; 2027 . 205.9 . 205.7 . 206.3
g 2565 306 3.03m 36.0 296 m 446 301m 36.0
o 115¢(7.2) 86 170m 189 111¢(7.3) 8.6
10’ 0.98¢(7.4) 143
11
12/
13’
14/
15'
1" 428d(78) 91.9 428d(78) 91.9 428d(78) 921 5.10d (6.4) 89.2
2" 3.49 343 351d(7.8) 342 351d(7.8) 343 322m 388
3" 0.52d(10.1) 252 0.53d(10.1) 252 0.52d (10.1) 253 a 1'b72 " 337
4 0.49 d (10.1) 346 0.50 d (10.1) 346 0.50 d (10.1) 347 277m 32.0
5" ; 403 ; 403 ; 405 ; 403
6" 232m 331 235m 331 233m 332 236 d (6.5) 523
7" 141 303 143 304 1.44 305 5.90 dd (9.4, 6.6) 132.2
a195m, 2198 m, 2197 m,
8" 20.1 20.1 202 6.03 dd (9.4, 5.1) 1234
b1.56m b1.59m b1.56 m
9" 141 32.9 143 3238 1.44 32.9 6.18d (5.1) 129.1
10" ; 705 ; 70.4 : 706 : 140.7
11" ; 217 ; 217 ; 218 ; 75.7
12" 1.02s 334 1.03s 334 1.03s 335 1245 317
13" 1495 175 150 175 150 175 1175 25.8
14" 1.08s 211 1.09s 212 110 212 1085 187
15" 0.87d (6.9) 158 0.88d (7.0) 158 0.88d (7.0) 158 0.98d (6.3) 181
3-0H 1851s 18535 18535 1855
5-0H 991s 9.97s 9.97s 9.99s
7-OH
2'-0H 15.33s 15495 15.58's 15.48's
6'-OH 1130 1129 1120 11225

*Measured at 500 (*H) and 125 (**C) MHz in acetone-dg : CDCl3: TFA (3:1:0.01); Overlapped signals are reported without designating multiplicity.
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Fig.4 Experimental and calculated ECD spectra for compounds 1-7.

380

400



J. Zhang et al, Chinese Journal of Natural Medicines 23 (2025) 377-384

Table 2 'H and "*C NMR data for compounds 5-7 (J in Hz)

53 6a 7b
No. 8y 8¢ 8y 8¢ by 8¢
1 - 188.0 - 188.1 - 191.5
2 - 109.1 - 109.1 - 106.3
3 - 198.4 - 199.7 - 193.6
4 - 44.6 - 447 - 104.8
5 - 172.0 - 172.4 - 170.4
6 - 111.8 - 111.9 - 80.7
7 3.51s 17.0 3.51s 17.2 - 201.7
8 147 s 24.9 148's 24.9 3.01m 40.8
9 147 s 24.9 1.48's 25.0 1.68 19.0
10 - 203.6 - 204.1 1.01t(7.0) 14.2
11 2.69s 29.4 2.69s 29.2 1.88s 7.8
i - 1063 - 106.7 5.19brs 89.8
2! - 159.6 - 160.2 2.65brs 439
3 - 101.8 - 1015 0.14d (8.9) 17.6
4 - 162.1 - 161.8 0.61d (8.9) 328
5’ - 114.5 - 114.6 - 34.7
6’ - 159.9 - 160.7 1.68 36.7
7' - 202.9 - 206.2 150 m 26.7
8’ 256 308 a2.87m,b296m 447 a215m,b2.10 m 26.1
9 1.64 m 195 589 brs 1333
10’ 0.94t(7.3) 14.3 - 137.7
11’ - 185
12' 0.97s 163
13’ 1.01s 29.4
14/ 1.09s 245
15’ 0.97 15.7
1" 5.09d (6.4) 89.2 5.09d (6.4) 89.2
2" 321m 3858 3.22m 3838
3" a1.78m,b1.19 337 a1.78m,b1.18 339
4" 2.75m 32.0 2.76m 321
5" - 403 - 40.4
6" 2.36d (6.5) 522 2.37d(6.5) 523
7" 5.89 dd (9.5, 6.7) 1322 5.90 dd (9.6, 6.7) 1323
8" 6.02dd (9.5, 5.1) 1233 6.03 dd (9.7, 5.1) 123.4
9" 6.17d (5.0) 129.2 6.18d (5.0) 129.2
10" - 140.7 - 140.8
11" - 75.5 - 75.7
12" 124 316 1245 31,7
13" 117s 25.7 1.18s 25.8
14" 1.07 s 18.6 1.08s 187
15" 0.97d (6.3) 18.1 0.98d (6.3) 18.1
3-0H 1853's 18.54 s
5-0H 9.94s 9.99s
7-OH 19.25s
2'-0H 15355 15.53 s
6'-0H 11.22's 11.22's

* Measured at 500 ("H) and 125 (**C) MHz in acetone-dg: CDCly: TFA (3:1:0.01); ® Measured at 500 (*H) and 125 (**C) MHz in CDCly; Overlapped signals are reported
without designating multiplicity.
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presence of a sesquiterpenoid moiety (fragment II) similar to
that of compound 1, with the exception that the hydroxyl group
at C-10"” in compound 1 was eliminated to form a C-9'-C-10’
double bond in compound 7. This observation was corroborated
by the 2D NMR correlations as illustrated in Fig. 2. The remaining
substructure, a monomeric acylphloroglucinol moiety (fragment
I ) analogous to compound IX ", was elucidated through 'H-'H
COSY and HMBC correlations. The HMBC cross peaks between the
hydrogen-bonded hydroxyl of HO-7 (6y 19.25) and C-2 (6¢
106.3)/C-3 (8¢ 193.6)/C-7 (8¢ 201.7)/C-8 (¢ 40.8), along with
the correlation between H,-8 (6 3.01) and C-7, and the 'H-'H
COSY correlations of H,-8-H,-9-H3-10 (6y 1.01) indicated that
the hydrogen-bonded hydroxyl and butyryl groups were at-
tached at C-7 and C-2, respectively. Furthermore, the correla-
tions from Hj-11 (6 1.88) to C-3/C-4 (6 104.8)/C-5 (8¢ 170.4)
observed in the HMBC spectrum, and a reduced signal for a
methyl compared to compound IX, revealed that C-6 (6; 80.7)
was fused with fragment II. The remaining fused positions of C-
5/C-1'/C-2" were supported by the HMBC correlations from H-2'
(8 2.65) to C-5/C-6, and the "H-"H COSY correlation between H-
1" (84 5.19) and H-2'. In conjunction with the analyses of carbon
chemical shift values for C-1" (6. 89.8)/C-5 (6; 170.4) and mo-
lecular information, the linkages of C-1'-0-C-5 and C-2'-C-6
were established, constructing a furan ring. Consequently, the 2D
structure of 7 was determined.

The partial relative chiral traits of fragment II in 7 were de-
termined through NOESY spectrum analysis (Fig. 3). NOE correla-
tions between H-2' (6 2.65) and H3-13’ (6, 1.01), as well as H-4'
(64 0.61) and H3-14' (6 1.09)/H;3-15" (6 0.97) indicated that the
sesquiterpenoid moiety possessed the same relative stereochem-
istry as compound 1. However, no valid NOE signals were avail-
able to elucidate the relative configurations of HO-6 and H-1". To
ascertain the relative configuration of the entire structure of 7,
theoretical calculations of *C NMR shifts for four plausible relat-
ive structures of 7 (7a-7d, Fig. 5) were conducted at the
mpwlpw 91/6-311g (d, p) level in CDCl;. The correlation coeffi-
cient (R?) results for 7a-7d were 0.9953, 0.9913, 0.9972, and
0.9986, respectively, suggesting that 7d was the most probable
relative structure. To further verify this conclusion, *C NMR-
DP4+ probability analysis was performed on the four structures
(7a-7d), confirming 7d as the correct structure with an overall
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DP4+ probability of 100% (Fig. 6). Finally, comparison between
the experimental ECD spectrum of 7 and the calculated spectra of
two individual enantiomers of 7d determined the absolute con-
figuration of 7 as 6R, 1'S, 2'S, 3'R, 4'R, 5'S, 6'S.

Considering that phloroglucinols isolated from the genus
Dryopteris “* ' have demonstrated significant antiviral activit-
ies, all isolates were evaluated for their antiviral efficacy against
RSV and HSV-1 using a cytopathic effect inhibition assay. Acyc-
lovir and ribavirin served as positive controls, respectively. The
results (Table 3) indicated that all compounds exhibited substan-
tial anti-RSV and anti-HSV-1 activities. Notably, compounds 1-6
demonstrated more potent anti-RSV activities compared to the
positive control (ribavirin), with ICs, values ranging from 0.75 to
3.12 pmol-L™.,

Phloroglucinols are considered the primary effective and
characteristic constituents of Dryopteris plants, with acylphloro-
glucinol-terpenoid adducts garnering significant attention. This
study reports the isolation of seven novel acylphloroglucinol-ses-
quiterpenoid adducts, designated as dryatraols J-P (1-7), from
the rhizomes of Dryopteris atrata. Structural elucidation was ac-
complished using MS, NMR spectroscopic data, and quantum

Te 7d

Fig. 5 Four proposed relative structures of 7.
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Fig. 6 Correlation coefficients and DP4+ probability analyses between the calculated and experimental *C NMR chemical shifts for 7a-7d.

382



J. Zhang et al,

Table 3 Anti-RSV and anti-HSV-1 activities ( mean * SD, n = 3)

Chinese Journal of Natural Medicines 23 (2025) 377-384

RSV HSV-1
Compounds
CCso (umol-L™") ICso (pmol-L™") SI CCs (umol-L™) IC5o (umol-L™ sI
1 59.80 + 4.82 0.75+0.12 79.73 20.90 +2.27 3.75+1.02 5.57
2 50.09 +1.36 0.75 +0.09 66.78 20.77 £5.95 3.75+0.54 5.53
3 60.00 +3.74 1.56 £+ 0.37 38.46 20.00+4.17 5.00+0.81 4.00
4 >100 1.56 +0.20 > 64.10 50.53 +3.56 9.38+0.78 5.38
5 >100 3.12£0.34 >32.05 100.00 £8.17 12.50 + 2.04 8.00
6 >100 1.56 +0.13 > 64.10 50.00 +5.33 9.38£1.34 5.33
7 >100 25.00 +1.63 >4.00 >100 25.00+2.45 >4.00
Acyclovir >100 1.25+0.12 >80.00
Ribavirin >100 6.25 £ 1.27 >16.00

ICs is the concentration of compound that reduced 50% cytopathic effect as compared to that of control cells infected with RSV/HSV-1. CCsy is the concentration of
compound with half maximal inhibition on the growth and survival of the host cells. SI means CCs,/ICs,

chemical calculations. These structures represent a less common
subclass of carbon architecture in acylphloroglucinol-sesquiter-
penoid adducts, featuring a furan ring as the linkage, thereby en-
hancing the chemical diversity of phloroglucinols produced by
Dryopteris plants. Compounds 1-6 are the first reported
stances of acylphloroglucinol-sesquiterpenoid adducts compris-
ing dimeric acylphloroglucinol and aristolane- or rulepidanol-

in-

type sesquiterpene, while compound 7 exhibits a hydroxylated
monomeric acylphloroglucinol moiety. Furthermore, compounds
1-6 demonstrated superior anti-RSV activities compared to the
positive control (ribavirin), warranting further investigation.

3. Experimental

3.1. General experiment procedures

Optical rotations were measured using a JASCO P-1020 polar-
imeter. High-resolution electrospray ionization mass spectro-
metry (HR-ESI-MS) data were obtained on an Agilent 6210
LC/MSD TOF mass spectrometer. UV spectra were recorded on a
JASCO V-550 UV /vis spectrophotometer. 1D and 2D NMR spectra
were acquired on a Bruker AV-500 spectrometer (‘H: 500
MHz, *C: 125 MHz) with tetramethylsilane (TMS) as the internal
standard. Analytical high-performance liquid chromatography
(HPLC) was performed on a Shimadzu LC system equipped with
an LC-20AD pump and an SPDM-20A PDA detector, utilizing a
Cosmosil Cyganalytical column (5 um, 4.6 mm x 250 mm). Pre-
parative HPLC was conducted using a Varian Prostar system with
a preparative Cosmosil Cigcolumn (5 um, 20 mm x 250 mm).
Open column chromatography (CC) was carried out using silica
gel (200-300 mesh), octadecylsilane (ODS) (50 pm, 120 A, YMC),
and Sephadex LH-20 (25-100 pm). All reagents used in CC and
HPLC were of analytical grade and chromatographic grade, re-
spectively.

3.2. Plant materials

The rhizomes of D. atrata were collected in Yunnan Province,
China, in September 2019. Prof. Guangxiong Zhou from the Col-
lege of Pharmacy at Jinan University confirmed the plant’s identi-
fication. A voucher specimen (No. 2019092601) has been depos-
ited at the Institute of Traditional Chinese Medicine & Natural
Products, Jinan University, Guangzhou, China.
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3.3. Extraction and isolation

The dried and powdered rhizomes of D. atrata (8.0 kg) were
extracted four times with 95% ethanol at room temperature (4 x
60.0 L). Following filtration, the solvent was removed under re-
duced pressure using a rotary evaporator, yielding a crude ex-
tract (1.1 kg). This extract was suspended in water (1.0 L) and
subsequently partitioned with petroleum ether (3 x 3.0 L). After
solvent removal, the entire petroleum ether extract (250.7 g) un-
derwent silica gel CC elution with petroleum ether/ethyl acetate
in a gradient (100:0 to 0:100, V/V), resulting in seven fractions
(Fr. A to Fr. G). Fr. D (20.7 g) was further purified using an ODS
CC with a stepwise gradient solvent system of MeOH/H,0 (60:40
to 100:0, V/V), producing four subfractions (Fr. D1 to Fr. D4). Fr.
D4 (4.6 g) was then subjected to silica gel CC using a gradient elu-
tion of n-hexane/ethyl acetate (50:1 to 5:1) , yielding four sub-
fractions (Fr. D4a to Fr. D4d). Compounds 1 (10.2 mg, tz 27.0
min), 2 (6.2 mg, tg 35.2 min) and 3 (5.0 mg, tz 39.3 min) were
isolated from Fr. D4c (0.3 g) by preparative HPLC [MeOH/H,0
(0.1% TFA), 98:2, V/V]. Fr. D2 (2.4 g) was subjected to a Sepha-
dex LH-20 column and eluted with CH,Cl,/MeOH (1:1, V/V), res-
ulting in three additional fractions (Fr. D2a to Fr. D2c). Fr. D2b
(0.2 g) was separated by semipreparative HPLC [MeOH/H,0
(0.1% HCOOH), 85:15, V/V] to yield 7 (3.5 mg, tz 20 min). Fr. B
(20.6 g) was loaded on an ODS CC and purified with a step gradi-
ent solvent of MeOH/H,0 (60:40 t0100:0, V/V) to afford four
subfractions (Fr. B1 to Fr. B4). Fr. B4 (4.2 g) was then subjected
to silica gel CC eluted with n-hexane/ethyl acetate in a gradient
(60:1 to 5:1) and divided into three parts (Fr. B4a to Fr. B4c).
Compounds 4 (9.2 mg, tg 37 min), 5 (4.2 mg, tg 44 min) and 6
(8.0 mg, tg 29 min) were obtained from Fr. B4b (0.3 g) using pre-
parative HPLC [MeOH/H,0 (0.1% TFA), 98:2, V/V].

3.4. Spectroscopic data of compounds

Dryatraol | (1): yellow oil; [a]? +43.2 (¢ 0.1, CH;CN); UV
(CH3CN) Aoy 231, 288 nm; IR (KBr) V., 3496, 2930, 2877, 1638,
1534, 1451, 1374, 1260, 1197, 1142, 1012, 910, 728, 608 cm™;
'H and "C NMR data see Table 1; HR-ESI-MS m/z 595.2895 [M +
H]" (Calculated for C3,H,304, 595.2902).

Dryatraol K (2): yellow oil; [a]Z +51.4 (¢ 0.1, CH3CN); UV
(CH3CN) Aoy 231, 288 nm; IR (KBr) vpnay 3515, 2930, 2870, 1638,
1534, 1469, 1448, 1372, 1316, 1260, 1137, 1086, 910, 733 cm™;
'H and "*C NMR data see Table 1; HR-ESI-MS m/z 609.3064 [M +
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H]" (Calculated for C35Hy504, 609.3058).

Dryatraol L (3): yellow oil; [e]} +47.3 (c 0.1, CH;CN); UV
(CH3CN) Apae 231, 288 nm; IR (KBr) vy, 3406, 2935, 2867, 2858,
1634, 1534, 1464, 1446, 1367, 1314, 1258,1139, 1017, 915, 738
cm™; 'H and *C NMR data see Table 1; HR-ESI-MS m/z 623.3214
[M + H]" (Calculated for C3¢H,,04, 623.3215).

Dryatraol M (4): orange oil; [a]} +23.2 (c 0.2, CH3CN); UV
(CH3CN) Aae 231, 286 nm; IR (KBr) vy, 3443, 2963, 2930, 1629,
1439, 1378, 1200, 1103, 1068, 1019, 810, 715 cm™’; 'H and “°C
NMR data see Table 1; HR-ESI-MS m/z 605.2761 [M - H]™ (Calcu-
lated for C35H4109, 605.2756).

Dryatraol N (5): orange oil; [a]7 +34.8 (c 0.2, CH3CN); UV
(CH3CN) A 231, 286 nm; IR (KBr) vy, 3454, 2938, 1634,
1434, 1380, 1195, 1109, 1024, 794, 725 cm™; 'H and C NMR
data see Table 2; HR-ESI-MS m/z 591.2626 [M - H] (Calculated
for C34H3909, 591.2600).

Dryatraol O (6): orange oil; [a] +31.7 (¢ 0.3, CH3CN); UV
(CH3CN) Aoy 231, 286 nm; IR (KBr) vy,., 3441, 2933, 1629, 1441,
1376, 1197, 1134, 1105, 1028, 806, 717 cm™; 'H and C NMR
data see Table 2; HR-ESI-MS m/z 619.2907 [M - H] (Calculated
for C,7H4,05, 619.2913).

Dryatraol P (7): yellow gum; [a]7 +27.8 (¢ 0.1, MeOH); UV
(MeOH) Ay, 200, 249, 290 nm; IR (KBr) v, 3441, 2926, 2865,
1629, 1441, 1376, 1276, 1772, 1079, 824, 608 cm™’; 'H and “°C
NMR data see Table 2; HR-ESI-MS m/z 427.2486 [M + H]" (Calcu-
lated for CygH3505, 427.2479).

3.5. Computation ECD and NMR methods

The theoretical computation of ECD and NMR spectra, along
with the generation of corresponding calculated ECD spectra, ad-
hered to the previously described methodology “ . Detailed in-
formation regarding this process is provided in the supplement-
ary material.

3.6. /n vitro anti-viral assay

The antiviral activities of all isolated compounds were evalu-
ated in vitro against RSV and HSV-1 using the cytopathic effect re-
duction assay. Further details regarding this methodology can be
found in our previous publications *°.
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