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Secondary Metabolites Isolated from the Methanol Extract of
Pseudocyphellaria freycinetii and Their Cytotoxicity

Man Hyung Koo', Hye Ji Kim', Seong Hye Kim'?, and Ui Joung Youn'**
!Division of Life Sciences, Korea Polar Research Institute, KIOST, Incheon 21990, Korea
’Department of Polar Sciences, University of Science and Technology, Incheon 21990, Korea

Abstract — Phytochemical study of the lichen, Pseudocyphellaria freycinetii (Lobariaceae) led to the isolation of two hopane-
type triterpenoids (1 and 2), along with two phenolic compounds (3 and 4). The structures of the compounds were identified
by 1D and 2D NMR, and MS experiments, as well as by comparison of their data with published values. Compounds 2-4 were
isolated for the first time in this species. All the compounds were evaluated for their cytotoxicity. Among the isolates, com-
pound 1 showed considerable inhibitory activity against the Hela cell growth.
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MZESMo| &8 - P fieycinetii®] WeH-e 228 DMSO
o &3 g % DMEM Hjx| = RPMI 1640 Hj#]o] 6.25,
12,5, 25 283 50 uM2] F=2 *2]3}3 T} Hela, B-16
melanoma, LLC cell (2x104 cells/well)S 96-well platee]] 1Y
FAAL, o F P fieycinetiiZ2FE] E2lE REES 48
AZFERE 50 uM FE 6.25 pMEEZEA] X233t wl <
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Algf & 717] -1D ¥ 2D NMR Bruker AVANCE
(600MHz) spectrometerS: AF8-5}AT}. Mass spectra= BioTOF
Il ESI mass spectrometers ©]§ 3Tl TLC= Merck
precoated silica gel F254 plates& A 315191, 94 TLC
23 RP-CI8 F254s plates’} o[- &-FAtt. UV lights ©]8-5
254 nmé&} 365 nmel|A] 12H4] 02 FR15}a1, 10% sulfuric acidE:
o]-g-3te] g RISt Column chromatography®l ©]
83 XA silica gel 60 (230400 mesh, Merck, Germany),
RP-C18 silica gel (YMC GEL ODS-A, 12 nm, S-75 um, Japan)
3} Sephadex LH-20 (Pharmacia Co. Japan)’} ©]-&% %t}
Semi-preparative HPLC= YL9100 HPLC system (Young Lin,
South Koreays ©]-8-3}9 1, column®- 2+ Alltech reversed-
phase YMC-PakC-18 column (10 um, 20 x 250 mm, Japan)
= ARSIt
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2(25°C)ollA] methanol (MeOH)S 1 LE ARg-3lo] 1Y, 33
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TLCONA 4k 2kl o ofste] 7o) 0 shgtao] #5
H EFE HS. 8 (950 mg)e silica gel columns A&}
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7B,22-Dihydroxyhopane (1) — F3<] 3}k 3A; [a]f)
+25.2° (¢ 0.2, CHC,); "H-NMR (600 MHz, CDCL,): § 3.88
(1H, m, H-7), 2.22 (1H, m, H-21), 2.23 (1H, m, H-6b), 1.78
(1H, m, H-20a), 1.71 (1H, m, H-15a), 1.65 (1H, m, H-1a),
1.65 (1H, m, H-3a), 1.63 (1H, m, H-6a), 1.55 (1H, m, H-5b),
1.54 (1H, m, H-16b), 1.52 (1H, m, H-11b), 1.52 (1H, m, H-
20b), 1.51 (1H, m, H-2b), 1.51 (1H, m, H-3a), 1.51 (1H, m,
H-15a), 146 (1H, s, H-17), 1.45 (1H, m, H-12a), 1.37 (1H, m,
H-2a), 1.34 (1H, m, H-11a), 1.34 (1H, m, H-19b), 130 (1H, s,
H-13), 129 (1H, m, H-16a), 1.21 (3H, s, CH,-30), 1.18 (3H, s,
CH,-29), 1.13 (1H, m, H-19a), 1.05 (3H, s, CH,-27), 1.00
(3H, s, CHy-26), 0.84 (3H, s, CH,-23), 0.82 (3H, s, CH,-28),
0.79 (3H, s, CH;-24), 0.76 (3H, s, CH,-25), 0.72 (1H, H-1a),
0.72 (1H, s, H-5); "C-NMR (150 MHz, CDCl,): 6 74.8 (C-7),
73.7 (C-22), 55.7 (C-5), 50.5 (C-9), 50.4 (C-21), 50.3 (C-17),
48.1 (C-13), 47.1 (C-8), 44.2 (C-18), 43.5 (C-14), 41.9 (C-19),
40.9 (C-3), 404 (C-1), 37.5 (C-10), 36.8 (C-15), 33.2 (C-23),
33.2 (C4), 32.5 (C-6), 30.9 (C-30), 28.7 (C-29), 26.9 (C-20),
24.1 (C-12), 21.6 (C-24), 20.8 (C-16), 189 (C-11), 18.7 (C-2),
17.4 (C-27), 15.8 (C-28), 15.7 (C-25), 11.7 (C-26); (+)ESI-
MS: m/z 445 [M+H]".

7B-Acetoxy-22-hydroxyhopane (2) — 73 2] sk A,
[0] +23.5° (c 0.2, CHCL,); 'H-NMR (600 MHz, CDCL): &
564 (1H, s, H7), 222 (1H, s, H21), 196 (3H, s, OCOCH,),
1.89 (1H, m, H-16b), 1.75 (1H, m, H-20b), 1.74 (1H, m, H-
6b), 1.64 (1H, m, H-2b), 1.58 (1H, m, H-11b), 1.58 (1H, m,
H-15b), 1.56 (1H, m, H-2b), 1.56 (1H, m, H-15a), 1.56 (1H, m,
H-16b), 1.54 (1H, m, H-19b), 1.49 (1H, m, H-20a), 1.46 (1H,
s, H-5), 1.4 (1H, s, H-17), 1.41 (1H, m, H-11a), 1.41 (2H, m,
H-12), 1.39 (1H, m, H-2a), 1.39 (1H, m, H-6a), 1.38 (1H, s,
H-9), 1.37 (1H, m, H-3b), 1.25 (1H, s, H-13), 1.20 (3H, s,
CH,30), 117 (3H, s, CH;-29), 1.12 (1H, m, H-3a), 1.08 (3H,
s, CH,-26), 1.03 (3H, s, CH,-27), 0.94 (1H, m, H-19a), 0.86
(H, s, CH,-23), 0.82 (3H, s, CH,-28), 0.75 (1H, m, H-1a),
0.75 (3H, s, CH;-25); *C-NMR (150 MHz, CDCL): § 170.5
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(OCOCH,), 75.9 (C-7), 73.9 (C-22), 53.3 (C-17), 52.7 (C-5),
515 (C-21), 50.5 (C-13), 49.9 (C-9), 464 (C-8), 44.1 (C-183),
432 (C-14), 41.7 (C-3), 41.5 (C-19), 40.1 (C-1), 37.3 (C-10),
36.6 (C-15), 33.1 (C-4), 33.0 (C-23), 30.9 (C-30), 28.8 (C-
29), 25.5 (C-20), 25.7 (C-6), 23.9 (C-12), 22.3 (C-16), 21.9
(OCOCH,), 21.5 (C-24), 204 (C-11), 18.6 (C-2), 17.8 (C-
27), 16.0 (C-28), 15.5 (C-25), 12.5 (C-26); (+)ESI-MS: m/z
487 [M+H]".

3,6-Dimethyl-4-hydroxy-2-methoxybenzaldehyde
(3) — F-3 2] sl¢k 7A]; 'TH-NMR (600 MHz, CD,0OD): &
10.5 (1-CHO), 6.99 (1H, s, H-5), 3.97 (3H, s, 2-OCH,), 2.55
(3H, s, 6-CHy), 2.16 (3H, s, 3-CH,); *C-NMR (150 MHz,
CD,0D): § 188.1 (C-7), 166.0 (C4), 163.1 (C-2), 147.8 (C-6),
122.6 (C-1), 114.0 (C-3), 111.8 (C-5), 54.9 (2-OCH), 20.7
(6-CH,), 8.5 (3-CH,); (+)ESI-MS: m/z 182 [M+H]".

2,4-Dihydroxy-6-methylbenzoate (4) — F3<2] 3}k 1
A; 'H NMR (600 MHz, CD,0OD): 3 6.18 (1H, d, J=2.4 Hz,
H-5), 6.13 (1H, d, J=2.4 Hz, H-3), 3.89 (3H, s, 7-OCH,), 2.44
(3H, s, 6-CH,); *C-NMR (150 MHz, CD,0D): § 173.5 (C-7),
166.3 (C-2), 164.5 (C4), 144.5 (C-6), 112.8 (C-5), 105.6 (C-1),
101.9 (C-3), 52.1 (7-OCH,), 24.4 (6-CH,); (H)ESI-MS: m/z
180 [M-+H]".
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Fig. 1. Chemical structures of compounds 1—4.
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2 ESIMS £40llX] m/z 445[M+H]"2] molecular
ion TZ-5 Falo] EAE 445 5T 5 AT ©] =
©] 'H-NMR spectrum &21¢t Z 3} hopane-type triterpenoid
(C,-triterpenoid) FZA HoAR]= 8712 54242 singlet
methyl”] [8, 118 (H-29), 1.21 H-30), 1.05 (H-27), 1.00 (H-
26), 0.84 (H-23), 0.82 (H-28), 0.79 (H-24), 0.76 (H-25)|= 7}
0y 3.84 (H-7)°114 oxygenated methine protons <13}t
C- 2 DEPT135 NMR, HSQC #41& 53193 4. 73.7 (C-
22)0llA] 3he] oxygenate quaternary carbon}t &, 74.8 (C-
74 170¢] oxygenated methine carbons< #5315t
TEE 5. 332 (C-23), d, 21.6 (C-24), 5 15.7 (C-25), d. 11.7
(C-26), 6. 17.4 (C-27), 6. 15.8 (C-28), 6. 28.7 (C-29), 6,
30.9 (C-30)°l14] 8709 methyl carbonS-3 E3ate] & 307
o] BAE F=3I9t) o]2HH 31EE 12 hopane-type
triterpenoid 3FEEZ FlEOH, zeorin®] 29} wi$-
AL TH-3C HMBC A8l H-7 (9, 3.84)%F C-26
(0c 1L.7)/C-14 (6, 43.5532] FHAAAE 8] FozH
OH groupe] 7H $]x]¢] Bl X|$k=|o] S-S SRIEHA
o} F7H S92 H-29 (5 1.18)2 H-30 (5 1.21)2] methyl
protonE-2 J. 504 (C-21)/73.7 (C-22)£+] HMBC correlation
S Folsko 24 LHA] OH group®] XI¥HE 2-hydroxypropyl
group C-219H0l A =0 S-S RIsIATHFig. 2). 3t
T 12] optical rotation Zh([a]h +25.2°02 £ ZH([o]¥
+26.3°)% Bl aste] vl FARRS UERSIo M P o] 27
B 7H kAol A OH groupe f-forme 2 2= i} 33t
= 1= 1D9} 2D NMR &4 3t 3 71 o] vlas Esf
o] 74,22-dihydroxyhopane®] 2= 2215} t}.
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Fig. 2. Key '"H-*C HMBC correlations of compounds 1 and 2.
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(OCOCH,)°lIA acetyl groupll X]8HEl methyl group proton$]
EAA2 signate 3t B YERASIEE. BC-NMR spectrum
of| A= 3lte] ester carbonyl carbon (J. 170.5)°] &= H 2
om, HMBC £42 53l 6, 5.07 (H-7)/6 1.96 (-CH,)®}
dc 170.5 (OCOCH;)°IX1¢] carbonyl carbon} “gZ-AAE
ITFe =N ghE 22 3= 19] C-7H #1X]<lA OH
group A1 acetyl groupe] X|2H=o] U2 FRI 3FATH(Fig.
3). WA, &y, 5.07914] 3% methine proton- acetyl group
2] deshielding effectZ ¢13}>] OH groupe] X|¥h=o] S
o Ho} o A2 Ao R olsH Zo= Bl S5
29] optical rotation F([a]3’ +23.5°) 3FH= 19] #
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© 2 AA AT kA, SHE 282 S9E 1349 NMR
data ¥] 3, 2D-NMR £4] 51 3 gtate] v)azel] ofste] 7p-
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acetoxy-22-hydroxyhopane® 2 5743} t}. 19

SI3HE 39 'H-NMR spectrum #2492 §;; 6.99 ol A]
Shhe] aromatic proton®] ZHEEATE IAP GilA g,
2.16 3H, s, H-3) 3} §,; 2.55 (3H, s, H-6)2] &=L 271<]
methyl”]2] EAE F3193L, 6 10.53 (H-1) G~ 3}
1}¢] aldehyde protons} 6y, 3.97 (2-OCH;)2] G ol|A] shte]
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spectrume -3l 'H- 2 C-NMR %55 g1 &t ujet
A, 31 32 NMR HlofE] o &3l 7he Hlaste] 3.6-
dimethyl-4-hydroxy-2-methoxybenzaldehyde= &}135} T}

SI3HE 49] '"H-NMR spectrume SF3HE 39] signal=3}
|- FABIA S L AB type®] aromatic proton 7171 #Z
3L ©]E2] coupling constant value (J = 2.4 Hz)Z F712]
protonE°] A2 meta X U & 5= AT} T3k 31
SHE 3914 methyl groupe] 27]7F #=% v 315HE 4o
A g 7eE #=351 T HMBC 28-S 53 6 3.89 (7-
OCH,)°] 6. 173.5 (C-7) carbonyl carbon} 4#A & <l
o 24 SIRHE 42 SI3HE 39| T ©HA(C-7) 910l aldehyde
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Fig. 3. Cytotoxicity of compound 1 on Hela cell.
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21 5, 3.89 (3H, s, 7-OCH,)oll A1 B 3% methoxy group®]
A% FERAS & F AT S9HE 49 NMRAFHE
319] dleolgj9} ¥k 2,4-dihydroxy-6-methylbenzoate
2 RIS
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Hopane-type triterpene S}3H=52] S22 Aol it &
2 A7t olFoA] A= RANEE AFSS AT EA,
Sichaem 5(2019)2] Al Parmotrema sancti-angelii=
FE 2] hopane-type triterpenoidS-g F-2|3IAEH ©1& F
6a-acetoxyhopane-1683,22-diol 3}3-&°] HepG2, NCI-H400
18] 32 MCF-TeellolA] 1C,, %ol 22 52.67, 77.86, 47.08
pg/ml=E A5 G35 B9 22 g N A==
&% Euphorbia peplusoX] &2]1%l Friedo-hopane type
triterpene®l| A= C-229$1%19] OH group®] &t Sl &
23 98-S k= Ao® B EATE” Wang 5(2009)2)
Ao M = NG o5, Aspergillus variecolor B-17Z5-E]
hopane-type triterpenoid=S 2|33, ©|& 5 C28 ¢
2ol OH groupe]| X|$Hel FE} 2] 2-hydroxydiplopterol 3}
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2 AFolA setE 13 A 02 Ak 29 SR
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) SFEES A= Relsrh
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