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Peroxide Constituents in the Natural Product Research

Kang Ro Lee
College of Pharmacy, Sung Kyun Kwan University, Suwon 440-746, Korea

Abstract—Peroxides in natural products have been recently received a considerable

attention due to their various biological and pharmacological properties. Nearly 300

peroxides have been isolated and structually characterized from natural sources, mainly

as constituents of Compositae and marine sponge, and occur randomly in about 10

other plant families. Among peroxides studied, sesquiterpene endoperoxide, quinghaosu,

has been already clinically applied as a new antimalarial drug. Based on the peroxides

reported, structural classification, natural distribution and biological and pharmacological

activities are reviewed. Color reagent and spectroscopic identification of peroxide are

also described.
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o] EAe] e ¥ AHE4 = F
ZEo Be #4E Rz 4Tt Eopolth
1967d 7t7] A G EAA £2 9 peroxidex T3
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oxideo] ¥}, E-3| sesquiterpene peroxides} ¥
Fo|t}h, ol F peroxide® 3T FAAA o
&5} o] EF3He] B4 Jomt, EEAAE
Z+o] Al s 9 %4 q) peroxide®) FZ(chart
19t E&lo] 249 Al peroxided A3}
Kt

1) allylhydroperoxide

2) endoperoxide

3) peroxyhemiketal

4) ozonide

5) peroxylactone

6) cyclic alkylperoxide

Allylhydroperoxide= t) X-F-o] terpene per-
oxideo] =}, HAEo M2 4754 B4
A& (singlet oxygen) @ 22 23 (chlorophyll)
EA| 8ol A 41 3huk-& (photooxidation) o] 2} gt
Aoz &5, 19771 Doskotch et al.® o]
Magnolia grandiflora(Magnoliaceae)o] 4] £
3} peroxycostunolide, 19831 Bohlmann et al.?
&
nerolidol -5 ] ¢] arteincultone(1) S-o] HEH
] allylhydroperoxideo] =}, 198911 Ruecker et
al.7o] Anthemis nobilis(Compositae)o] A %2

&} trans-pinocarveylhydroperoxide ¥ 4a-hydro-

o] Artemisia inculta(Compositae) oj] A]

peroxyromanolide 5% allylhydroperoxidee] 3}
22t}

Diene7z % Z& EAo] XA A& (sin-
glet oxgen)d] 1, 4-Y~}(addition)el] 23l A
¥ 4 9l endoperoxide: allylhydroperoxides}
n}3}7}A] 2 F 2 monoterpene % sesquiterpene
peroxideo] t}. Monoterpene endoperoxideo] & ©]
o] o138 ascaridole(2) o]¢lolx 1981% ¥
19821d®¢]] £2l9 phellandrene endoperoxider}
9lt}. Sesquiterpene endoperoxideo] = 197941
Bohlmann et al.1® o] Athanasia-speciesol] A
23l athanadregolide(3) ¥ 198511 Bohlmann et
al. o] 23] A Bishopanthus soliceps(Composi-
tae)o] 4] 2] =l bishopantholide 5o gl¢t,

Peroxyhemiketal & 198311 Perales et al.'®¢]
28| A Meriandra benghaliensis(Lamiaceae)ol] A
2.3]5 benghalensin A, 198411 Appendino et

al.19o] Tanacetum vulgare(Compositae) o A
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€] 3} tetrahydrofurane-type terpenoidql peroxy-
hemiketal(4) 2 ¢]v] 133t quinghaosu 5 ©]
t}. Peroxyhemiketal(4) 9] A ElAe A4
Ao ol s+ Appendino et al.'¥o] &F3}g
o},

Ozonide= 19784 Quercus gilva(Fagaceae) ol
A 3-8 ¥ triterpenoid?]-hopane-f £ ¢l gilva-
nol(5), oFx £9q) Adiantum monochlamys(Pt-
eridaceae) @ Oleandra wallichii(Davalliaceae)
o 4 225 adian-5-ene ozonide,'® ] L 1987
1l Plagiogyria formesanac|A 2% hop-17
(21) -ene ozonide A® %-ojc},

Peroxylactone (6) & 19841 Gonzales et al.*”
o o8l slZF< Taonia atomarias) A A&
¥ =

Cyclic alkylperoxides] &= 52}¢} endoperoxideq]
nardosinone(7) o]&lolx 19783 =\ FQl Pla-
kortis halichondrioidesol| A Faulkner et al.’® 5
o] %213 679] endoperoxideg] plakortin %
198413 Crews et al.190] Prianos speciesoll A *-
2] & muqubilin ¥ muqubilin ester §EA 5o
ol 1980%d Liang et al.2¥o] Artabotrys unci-
natus (Annonaceae) o 4] £&] g yinghaosu A(8)
gl 19851 Itokawa et al.2Vo] Alpinia japonica
(Zingiberaceae) o] A} £-#] 3} hanalpinol 5= 67}
9] cyclic alkylperoxideE-o| .

=

Chart 1. Various structural types of peroxides.
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peroxideo] o}, B3] sesquiterpene peroxides}

I & Ao] ExAott, Table Io] F3}z}e] per-
oxided 44 AL JHFE} ¥ 2%359
= 33t (Compositae) ot F3eA 2l 544Q] peroxide: 4@

%3} (Compositae) ol A 1989'd E74=] 23
5] <F 1500) F¢] peroxidex o H¥-o]

A5t o+&3) 7}, & Tsankova et al.?¥¢f 9]

terpene A Achillea depressad) 4] H£= = apressin(9),

AOHofe
@ H 0-0H
CHj3
Q OH O
0
9 n 90

Table 1. Naturally occuring peroxides in Compositae

Plant source Compound References
Monoterpene peroxide
Anthemis nobilis trans-pinocarveylhydroperoxide 1))
Callilepsis laureola phellandrene-endoperoxide 22)
Sesquiterpene peroxide
Achillea depressa apressin(9) 23)
Achillea liqustica iosapressin 23a)
Anthemis nobilis 4a-hydroperoxyromanolide(10) 7
Artemisia annua quinghaosu(19) )
Artemisia adamsii 24)
Artemisia iwayomogi 25)
Artemisia inculta arteincultone(1) 6)
Artemisia douglasiana 26)
Artemisia judaica 27
Artemisia umbelliformis hydroperoxy-epitelekin 28)
Blumea alata cuauthemone hydroperoxide 29)
Baccharis pylicoides 30)
Brocchia cinerea 3D
Bishopanthus soliceps bishopantholide(12) 1D
Calea szyszylowiczii 32)
Chamaemelum fuscatum bisabolen-endoperoxide 33)
Ferreyanthus rugosus 34)
Heterotheca villosa humulene-hydroperoxide 35)
Isocoma coronopifolia eudesmene endoperoxide 36)
Ligularia speciosa 37
Mikania goyazensis hydroperoxychrysanolide 38
Ozxylobus adscendens hydroperoxyarbusculin 39
Pleocarphus revolutus 40)
Rudbeckia laciniata bisabolen-endoperoxide 41)
Schistostephium rotundifolium 42)
Tanacetum vulgare peroxyhemiketal(4) 13)
Tanacetum vulgare var. crispum crispolide(11) 43)
Diterpene peroxide
Gutierrezia spathulata 44)
Other peroxides
Anthemis nobilis peroxide ester 7
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Ruecker et al.”eo)] 2]a] Al Anthemis nobilisol 4]
Y-85 4a-hydroperoxyromanolide(10) ¥ Ap-
pendino et al.4¥e) o8] A Tanacetum vulgare
var. crispumol) ] 2] 5 crispolide(11) T& o
¥ A 9] sesquiterpene lactone peroxideso]w, cri-
spolidex= ¥ & 5] germacrane Z7-& ztz gith
Bohlmann et al.'Vo)| 2]&) 4 Bishopanthus so-
licepso] /] E-2] %] bishopantholide(12) &= hydro-
peroxider] 8} endoperoxider] & FAlo] Zz
£ Eo]3 T2 sesquiterpene lactoneo]t},
M 2% Xt 2! (Marine sources)

8] = §-(marine sponge), 3 & (marine algae),
2} 3 (coral) @ wu]A(sea anemone) S-of] 4] 1989
W g7t o 80 F2] peroxides} #-2]F ¢l
B} o] Ao] steroid peroxides]] & o}zl v}, 4548 3
FALl A el peroxide: Ho|f Tx ot
¥8 421 B4 L 2 o) S o]k, Peroxide
o AEZEAA Al AE 53 Jledtet &
AP Al ] 5l peroxideE Table Ilo] g oF
Fgon, HEAQ peroxidegs AA3e &
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Plakortis litaoh | 8] 5 chondrillin(13)-& =
A A¢ 2E endoperoxideo] s, 123} 4
£ &3 vinyl peroxideq) rhodophytin(14) &
W} $-Eo0]3F F2E - endoperoxidez 4 Fe-
nicals¥e] )& A Laurencia-specieso A} Hgl=]
A}, A 359 Clavularia koellikerio) A= az-
ulenef %4 9l clavukerin C(15)% 7} 2& = ¢t}

MeO H Cl @
COOMe  Br. ; i
WS, 0-0 N
HC(CH)“‘Q a
b\ 2hs 0 /
15

13 u “ocn

7|EFXb R

= o} 33} (Chenopodiaceae), FZ 3} (Labiatae),
A) 7} 3} (Zingiberaceae), 3| w2 = 3} (Aristoloc-
hiaceae), =& 3} (Magnoliaceae), w}e}lz] 7} (Va-
lerianaceae), F}5 3} (Fagaceae), = A}#] =} (Pt-
eridaceae), Penicillium 2 Aspergillus <6 4 =
peroxider} ¥-z}=] g}, Table IIlo} ~] E}¢] pe-
roxide® ¥4% VAAAL Lofsgie. EE3
(Labiatae) @] Meriandra benghalensiso| A 3-&]

7} 7}, Z Sakemi et al.5%¢] o}&) A &= Fql %l benghalensin A(16)= peroxyhemiketal®]
Table II. Naturally occuring peroxide in marine sources
Marine source Compound References
Marine sponge
Axzinella cannabina steroid peroxide 45)
Tethya aurantia 46)
Raphidostila incisa 47)
Ascidia nigra 48)
Dendrogyra cyclndrus 48)
Thalysias juniperina 48)
Aplysia dactylomela 48)
Plakortis halichondrioides plakortin(21) 18)
Prianos-species muqubilin 19)
Chondrosia collectriz cyclic endoperoxides 49)
Plakortis lita condrillin(13) and derivates(24-27) 50)
Sigmosceptrella laevis sigmosceptrellin A, B, C(23-31) 51)
Lobophytum denticulatum denticulatolide(32) 52)
Marine algae
Laurenicia-species rhodophytin(14) 53)
Laurenicia snyderiae neoconcinndiol . 54)
Coral
Clavularia koellikeri clavukerine C(15) 55)
Aqugqtic plant
Elodea canadensis diterpene endoperoxide 56)

Sea anemone
Metridium senile

steroid peroxide 56a)
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eudesmane sesquiterpeneo] 12 ] 7}3} (Zingib-
eraceae) 2] Alpinia japonicas] ] 2] =l hanalp-
inol(17)-& E-o]& F=9] sesquiterpene endop-
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eroxideol T}, Penicillium verruculosum 2 Asp-
ergillus caespitosusel 4| ¥z % verruculogen(18)
L 99 mycotoxine 2 ¥ 33 ¢l v}, 62

OH

o H CHMe
Y /
16 Me
17
Table IIL. Naturally occuring peroxides in other families

Family Source Compound References
Chenopodiaceae Chenopodium multifidum phellandrene-endoperoxide 8,9)
Chenopodium ambrosioides ascaridole(2) 1

Labiatae Meriandra benghalensis benghalensin A(16) 12)
Saliva oxyodon diterpene-endoperoxide 57)

Zingiberaceae Alpinia zaponica hanalpinol(17) 21)
Aristolochiaceae Aristolochia esperanzae diterpene hydroperoxide 58)
Aristolochia debilis aristolane hydroeperoxide 59)

Magnoliaceae Magnolia kobus kobusimin A,B 60)
Liriodendrum tulipifera peroxyferolide(28) 61)

Magnolia grandifliora peroxycostunolide 5)

Valerianaceae Nardostachys chinensis nardosinone(7) 2)
Fagaceae Quercus gilva gilvanol(5) 14)
Pteridaceae Adiantum monochlamys adian-5-ene ozonide 15)
Davalliaceae Oecandra wallichii adian-5-ene ozonide 15)
Penicillium-species Penicillium verruculosum verruculogen(18) 62)

4E 3 AdoEHLA
Peroxided] A E& A A AE B 477
FYHA Xl = BT, ZAel =i
thfdtA Rusa ok AR 4EA JE
2 ok A AL gdeteoel, ¥F 4 AT
4, 7%, 31, 34T 2 A5FHE Foloh
etz ot a2

atetg] oty AAAez Y EAS He A
dye s, Wy 29gtgo] o] wetel o2 Abvt
3 ¢k 622 Artemisia annua(Compositae)ol] A
+2]5 quinghaosu(19)3= chloroquine] 4 Plas-
modium falciparumT o] A slA Z=H3 ¢
2] ob 288 2+t 5 kel peroxider] 57 7t
9% desoxyquinghaosu(20) &= #d=le] ot &=t
5t 9ith. % Quinghaosus] ¥ekeel o}Fg& o

S AFte A Aoz, A41A L e
o 459 DA ¥4 A 7198t Qu-
inghaosu: A 2% elelot X84 24 Plas-
modium vivaxr 2 Plasmodium falciparumg-F
Bap of)g}l A we}e] o} (cerebral malaria)
A= FEF Ao Yoz g
X E
Plakortis halichondrioidesoll Al 2] % plako-
rtin(21) & Staphylococcus aureus 2 Escherichia
coli®l AAL 7A8d AAEH,® Chondrosia
collectrizol| Al ¥-21% U3¢ endoperoxideEx
283515 JTFE-S ZEh® Anthemis nobilis
(Compositae)s] A} 2-2] 5 hydroperoxides(22, 23)
£ dok 4FEAA Ao
et B MESLAEE
Plakortis litao] A ¥-215 chondrillin(13) 2
4% 9] endoperoxides(24, 25, 26, 27)= P388 mouse
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OCH HGO

H
oy i ) H 0 CH
F/.z—J&in/uu\%C\hj ) i /Lk(k}
H— \ ; H
W a0 H HiC g 0
H CHs CHy
22 23

leukemia cello] dlalA #3Hg dLasds e
o], 50 Liriodendron tulipifera(Magnoliaceae)o
A ¥2]4 peroxyferolide(28) & Eagles KB cell
of gl ATEFEFAE] Ak Magnolia
grandiflora(Magnoliaceae)ol A ¥ 5
acranolide hydroperoxideql peroxycostunolides}
peroxyparthenolidex. 743 A 25 38&-& 2k
=2
HEEE

#lul 20l Sigmosceptrella laevisol A E# =

nor-sesterterpene endoperoxideq] sigmosceptrellin

germ-
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21
R S_L H
XY, cooMe
Meo™ g 5

24 R= ’(C.Hz)n&aH:\

25 R- -(criz)g/ls\\nfléH3

26 g- -(CHZ),/"\/\/%HJ
27 g-= —(cHz)g/‘G\\/\/ngs

A B, C(29,30,31)= 7133 o] E7-& (Lebistes
reticulatuss] @A LD: 25 mg/l)& ztEr}, 5V
Lobophytum denticulatumoll Al B2 = denticula-
tolide (82) & o] =328 Z+= cembranoid diter-
pene endoperoxide®Z 4 Nakayama et al.5?¢] 9]
a4 =g
7|EtEE

Chenopodium ambrosioides (Chenopodiaceae) o]
A ¥ 9 ascaridole(2)2 FHEAI} 53
FZA 2 AALgAo] glon], Nardostachys ch-
inensis(Valeranaceae)s) 4| #2]% nardosinone(7)
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Penicillium verruculosum R Asperigillus ca-
espitosuso) A ] 5 verruculogen (18)-2 mouse
o FoA A% AEE oA, ALESel
3t EDgo-2 0.39 mg/kg(ip., Swiss mice) F 2
v LDy 2.4 mg/kg(ip., swiss mice) § =}, 6%

# ™ F9 Prianos%o) A ®g]l® muqubilind
16 pg/ml 55 o] A} A A (sea urchin)F4 22| £
4 100% AN esich

Hy, 22| H A

B Al 2F
Peroxide:= peroxide ¥4 4] ekz} TLC-plates]
A ged A wgsted Aoz A= v (hydro-
peroxide= ZFA Ao g w4 s, endopero-
xider 1~2% A 3Fo] FAe] vrebdeh, ¥
e A5 webA peroxideFFAEE A
Ao &% + 3
peroxide 4 A ko] AL vhE3t Fow
A7 Ao Wdl A Huber et al.® o] o -3}
et
Peroxide &t A| 2}
0.3 g a-naphthol
15 m! methanol
135 ml water
0.5 g kaliummetabisulfate
2 ml glacial acetic acid
0.5 g FeS0,«7H,0
0.22 g colour developer 3(33)

NHa2
CHsy
" 1.5 HySOs - H,0
AN
HSC2 C2H4—NHSOZCH3

C12H21N3O28 15 H2804 : H;_O
33
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N-(2(N-ethyl-N(4-amino-43-methylphenyl)-

amino) -ethyl) -methansulfonamide-sesquisul-

fate-monchydrate.

22 % A

Peroxide) %, F& 3 AAFAL At A

AEAY A9 & Hole Uk 2 per
oxide®] F&& A&olA FYsn] &ujote A
FA ¢ 7t #@ABE ol viA 3t
AFol & FEYH L &L AW F2
4= ¢l%= Ultraturax® # %7 £-(Janke & Kunkel
GmbH & Co., Germany) o] &34 FZ3t= 4
yelth, £ € AAE 25 A=A 4
azvezstggdozs sEEe, wWE A7
el &8dtr] ¢ 8ted MPLC(medium pressure
liquid chromatography) ¢} LPLC(low pressure
liquid chromatography)®¥-& o] &3¢},

7171 24

Infrared spectroscopy (IR)

Hydroperoxideo] @3 LR o F+& William et
al.s” o] ¢gslg e, ¥% -O0H7| &= 3350~
3450 cm™* @ 3500~3550 cm~'e] 4] bands} W&
# t}, peroxyferolide(28)el 4| = -OO0H~] 7} 3370,
3510 cm™ el 4] vERREeE, O

Endoperoxideg] C-0-O-C& 800~900 cm™! &
1100~1150 cm~1o] 4 o3t band7} Yepubx| gt 2
E2 A 3}t7) 7} o] o}, ¢ Sesquiterpenendope-
roxideql quinghaosu(19)o] A& 1115, 881, 831
cm~lo] A band® FAE 4 glc,

Mass spectrometry (MS)

AAdE d7TlA dF FFHMS)L 25 £
Aol & 3 3 (molecular ion-peak) E Fa)4 A
@ 2AFE I Aok $4R

Peroxide= X% electron impact-mass spectrum
EIMS)E A48 A% EA)e 329 Bx
74 W oAU vehA] 947 = &heH{Scheme
1). o|= hydroperoxider [M-OJ* 5 =7 =&
= v, endoperoxider [M-0,]*s} =7} =},
A83E EAeS o] 939 chemical ioniza-
tion-mass spectrum (CI-MS) & o) -&& 4 qlt},
Hydroperoxide®] Az A EH.L Burgess et
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al™® o] 73t

Tanacetym vulgare(Compositae)ol 4] E-z] =
Peroxyhemiketal (4) & tetrahydrofurane-type te-
rpene endoperoxidez 4] £ x}gko] 2680]t}. EI-
MSel| A A& m/2236(57%)2 EAo] 7 ar}
ol [M-O.Jtolwl, m/2268(1%)dA e
olF2&L 3 A7 FAol-2 9 AH h(Scheme 1).
o AL kg tE=2A GEY o}E AHE3 CI-MS
oA #<1d + Slvh(m/z268 (M+NHJY), ¥

Peroxyhemiketal (4) 2] EI-MSe) 913} 23 3§
#] (fragmentation pattern)E Scheme 1o ¥ 4] 3}
ﬁt‘}'. 13)

Nuclear magnetic resonance spectro-
scopy (NMR)

Peroxide d 74 glejA] NMRE& E3 33}
H, $AYE 5L 9t AAEAF FLsA L,
peroxider} A A =W FA &4 3o ok g} Hy-
droperoxideo] o 3} TH-NMR ¢ 7%= Burgess et
al.™e] oA dF FPHAon, ¥F -O0H

OH
T
oy "c!/l\(
>!\/‘ mfz 268 (1%)
Y

S 0
o
OH 5 '*’*-
|
PSS A
-/> mz 236 (57%)
(a)

é (b)

Qi |

~
9
Y
m/z 125 (60%) 1z 11 (100%)

l»cu,=cn, j‘“ e

2

7
3

I

J

mjz 57{28%)

l-—co

mir93(62%)

{2) Charge locatiza'ina on the diene system.

mfr 69 (27%)

Scheme 1. Mass spectral fragmentation pattern of
compound 4.

(b) Charg= iocabizatica on the tetrahydrofuranyl oxygen.

Kor. J. Pharmacogn.

7€ 7.5~9.5ppme] A g a2z FAAg
(252 sharp3lA| gt W Z& broaddt =7t 4
s = g, o] Hae A D,OZFe] 9
A HZ7 ez gorz Hq 4 glch
Hydroperoxide (OOH) 7)1 7} gl 849 F£4+
FZF(OH) A Bt o AAAQ 4~5 ppmo]
A A o AL FFAA BT 4ast ht
4 lerg A7 = ®E EA z%F
Z7}8}7] o) £o] t}(local diamagnetic deshielding
effect). Monoterpene hydroperoxideg] trans-pi-
nocarveyl hydroperoxidedi] 4 OOH7]7} ¢l &
48] F4¥ 4.62ppmo] A viehdeh ? Hydrop-
eroxider] & Q3 g49 FidxE 4FE & F
9o, 4a-hydroperoxyromanolide(10) 7-$- ¢l
A methyly] 3 59 A9 FaFol ¢ A
Al ehte A¢ # 4+ o (Table IV).
Endoperoxide?] <l &t49] 442 4~5 ppme]
A] ‘}eli}e]  sesquiterpene endoperoxideg]l beng-
halensin A (16)¢] 4= (-0-O-C-H) 4. 81 ppme]

Table IV. 'H-NMR data (300 MHz, CDCl;) and
H, H-correlation spectroscopy data for

compound 10
H &(ppm) H, H-COSY J(Hz)
1 3.6lbr.d H-2,3,5,14a J1.2=2. 6,
J],a—_—l. 7,
Jl.5=9~ 7,
J1,1a=0.7
2 5. 75dd H-1,3 J2.5=5.7
3 5.97dd H-1,2
5 2. 97dd H—l,ﬁ Js,s=ll. 3
6 4,22dd H-5,7 Js.7=8.5
7 3.30dddd H-6,8,13a,13b J7.8=10. 5,
7.13a=3. 0,
J2.196=3. 3
8 5. 03td H‘7, 93, gb Jg,9;=10. 5,
8.0b=0.7
9a 2.15dd H-8,9b Jos.06=12.3
gb 3.07d4d H-8,9a
132 5.80d H-7,13b J13a.105=0
13b 6. 30d H-7,13a
14a 4, 88s H-1, 14b J1s2.106=0
14b  5.12s H-14a
15 1. 39s
3 6. 19qq H-4,5 Jo 0 =7.2,
Ja’,s’ =1.5
4/ 2.03dq H-3,5 Jis'=1.5
5 1. 95t H-3/,4
OOH 7.97s




Vol. 22, No. 8, 1991

Table V. )C-NMR data (75MHz, CDCl;) and
C,H-correlation spectroscopy data for
compound 10

C aCopm) (G, HD) C,H-COSY
5(ppm
owp ’ 5(ppm) H-Atom
1 51.8D 132Hz 3.61br.d H-1
2 133.2D 166Hz 5. 75dd H-2
3 137.0D 166Hz 5.97dd H-3
4 95.78 — — —
5 49.4D 133Hz 2.97dd H-5
6 77.9D 150Hz 4, 22dd H-6
7 47.6D 134Hz 3. 30dddd H-7
8 73.7D 150Hz 5. 03td H-8
9 44.7T 130Hz 2.15dd H-%
3.07dd H-9b
10 141.28 — — —
11 135.7S — — —
12 169.58 — - —
13 125.1T 162Hz 5. 80dd H-13a
6. 30dd H-13b
14 117.1T 157Hz 4, 88s H-14a
5.12s H-14b
15 20.3Q 127Hz 1.39s H-15
1Y 166.5S — — —
2’ 126.9S — - —
3 140.1D 152Hz 6. 19qq H-3’
4 15.9Q 127Hz 2.03dg H-4
5 20.6Q 127Hz 1. 95t H-5
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