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The present review records the known structures of more than 80 organic compounds containing

halogens, which may be considered naturally occurring. The format of the review is based on

the viewpoint of biochemists. Compounds containing one type of halogen atom. have. been placed in

one of four major division ,i.e., structures possessing fluorine, chlorine, bromine or iodine covalently

bonded to carbon. Within each major division molecular structures are given along with the specieé

from which the compounds have been isolated, The biological significance, if any, is also meantioned.

N

Halogeng €432 9& RREFR/{LEWEA AF
oARIEY dEx ALY H{ Egypthpfle] fIRER
A FHERE 6.6’-d1brom1nd1gotm° = “ztsjo]”
o —#89 Murex branderis’t Fidte —&Y BRK
ozA 29 BE/ weA AL B 70T 1906

fol] o] —f1E BHietE halogen HHMLEHT B
= EAT BHEA ZAX PO 24 g3 3R
gE A% ¢ 5 A
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19734 <] £20 197242 12A7A BEERR
natural halogenated compoundsE A9 2 HEES
A1 200BR%E & FEANS] WGt

Siupa

o] Ae] K& halogen HLA&WA HE AT 42
REWEL, o WEA ke W B% Lilkd 150
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Fluorine

Fluorine Hif{b&%e BARRAA HEsl Dito] B

R=o] gk
(1) Fluoroacetic acid FCH,-COOHI)
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194340 Marais’} Egol =27} BpeifisyQl Dichaper
talum cymosum® D. toxicarium %0 2 R¥ HERF
o2 o HES BRET LK BE HMOSEHES, A
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Re=z 4.

D. toxicariume .98 REBF BREEI=AM R
HA9¢ BEE BHEes e
acid® @&z Q7] #Eolch

o] g} 7ko} fluoroacetic acide RIS F|ike Vel =
¥ z FfEHS mechanisme Perers —JEYe] fk3to
g3 o] gEAz g

1 fluoroacetic acid( )& HE&RX A fluorocitric
acid(T) 2 83} o] A& TCA-cycles] aconitaseo] %

o] A& fluoroacetic

(0]
il
CHa‘—(fS FCH,—COOH(I)
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] (0]
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/N -
0=cC —COOI-{ ?H/zago l ——0Oxalo-acetic acid
i C
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CH,~—COOH | /OH
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CH—COOH 1 CH,—COOH
]
]C—COOH [41))
~HO—CH—COOH  CHy—COOH
HC—COOH«——
CH,—COOH
Fig. 1. - Mechanism of toxication of fluoroacetic acid

gto] | E inhibiter2 RS # Fol F(Fig. 1).
2.8 A Pererst ool #shel “lethal synthesis” (HK7E
Aol & REE ERAFAIAA d9d.
(2) Fluoro fatty acids
Fluoroacetated] #%: =AW & HHELE B
o] BRE BHESAS.
AZAA BRA XEF FHE fuoro fatty acidF

e &3 2
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acid® oz A FjMET mechanismol st FHH:
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Compounds Source

(a) w-fluorooleic acid
cis— F(C}%z)g)‘-‘CH CH (CHz)’l

Seeds of

D. toxicarium

—C00

(b) w-fluoropalmitic acid ”
F(CH)15-COOH (IV)

(¢) o-fluoro capric acid 4
F(CHz)s-COOH (V)

(d) o-fluoromuristic acid ”

F(CH)15-COOH (W)

+ vE AR 249 IBI#S B-oxidations] {3}
&S p-fluoropropionic acid® #slr] @ Fol FHik
ol gl Floez WM.

= fluorouracil (V)& anti-tumor agent®A 3l <&
g2 924} neurotoxicity7} ¥ F F@I A o] Zlo] EER
B R #a 2 §Bez sl gle A= Al F
“EolAuk o) gt e Fiks HEE vhgd FFEE ubet
7ke) ol {k3 ol fluoroacetic acids} MKV =
Eejete Ae) d#EA Yh(Fig. 2).
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\ — ﬁ — NH— CH;
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COOH CooH
H.C—F H.C—F | |
| — «<— HC~F «— HC—F
CoOH CHO ! N |
CO, CHO NH; (.I‘,Hg
NH,
Fig. 2. Toxication mechanism of fluorouracil.

(3) Nucleocidin®  9-(4-fluoro-5-O-sulfamoyl-
-pentofuranosyl) adenine (VIII)
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@L> ;

CH,—0—S—NH,
!
0

on ouF

o] fluoro compound= Streptomyces clavusZ -5 5B
=]9] o™ anti-trypanosomal antibioticEA] ¢# A A =
%o

Chlorine

K& chlor {b&#3dl Al & chlortetracycline, chlora-
mphenicol 9 griseofulvin o] 714 2 oA Y&

HolAut =il wB& chlorinated metabolites7}
ant1m1crob1a1 activity® A= 9 ev = anti-tumor
SE AZ SEERE dx Kb @A
gt enzyme inhibitore] fEf -2 plant auxing function
S It =2 9 ¥ metaboliteEx <& A ).

K4 chlor Higb&HL fungi e lichens
metabolite2 4] FHEe A A2 22 old AL Higs
4]"1 ATIHEEA  #3o] H£pRE metabolited] Bot=

AR sleh.

gl KX chlor F#(LE&H FBE AES o
3 22 WAAA HEEFLER oA fiEE Bz
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(1) Phenols

of groupe] B3t 7l & BT phenol H2 =9
methyl ether®@ A °]FP 7}%} BRI E AL soil Peni-
cilliumol| 4 ZH=E 2,4-dichlorophenol (I{)e]}.

o] phenole #E4 hormones] fEAL 714 = ¢eod
fungi®] metabolite =3 fermentation product2 4 %4
BE=l o] 9lch.

o] ¢} B o] Sl HEEA 2, 6-dichlorophenol(X)
o] BT “A=7” (Amblyomma americanum) | A 538
Hol gl o] #HHBEL AR sex-pheromone(sex-atrac-
tanto} 2)o] BIe HEEA 5EqtElY ‘A
E4E 250pg] TBT HEe M= dde #E
7t oY RAWES MilESE T dvd fl=x 99
71 AL F dE F& fiztz 448
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X, do

o
/N ~OH /\_

0 P e
I (X)

ool = 1082589 chlorinated compound~} fungi®}
metabolite &=+ fermentation product® 4] ZF#s o] 9l
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(2) Depsides

Depsidet aromatic acid$} phenol#}2] ester® 4] 2f&

2] chlordepsides} licheno] A BRE = 9. = g}
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%= chloratranorin (XI) .24 Buellia canescens; Leca-
nora rupicola®; physicia picta; Lecidea carpathica’s
9] lichend] Al 4Et=l A= v+& v} tumidulin (X)
© 2 X Ramalina ceruchisd] A4 BRE=Z 9}

0] R,
CHs Il s 0O |  OH (X1)---R4=CHO,
N/

NS #=CHs
cl ‘ ‘ ||\/| (XII)-+R;=0H,
no—\ ' on N COOCH R.=H

(3) Depsidones
Depsider} 5 FRol Al ether fE&ol Ko 7TARS
HRE AL depsidonec]zt &¥ 28 chlorfk
depsidoneo] fungis} lichenel A secondary metabolite
2A BRIz A=+
2 v E nidulin (XII)o] iz &+ & 13+ nornidulin
(XIV) e 28X B% Aspergillus nidulans) A W= %
. o] 59 HE{EAE ofF REoIAW EARBR
QoA 2EY &Eel TER kit dede AL &
LE skt gloh

Cl

OH

ct-

(X1 Ry=cis— (Me)=CHMe, R;=0Me
(XIV) Ry=cis— (Me)=CHMe, R;==0H

(4) Xanthones

Salicylic acids} phenolo] EAZRs] Al xanthone (XV)
o] ALY & 28 chlorinated xanthone o]
lichen$] natural product= A =¥ pigment2A 4 #E=
o] 9.7 B 2,7-dichloronorlichexanthone (VHI,XVI)
3} arthothelin (XVI) 0. 24l §i%3 Lecanora sp.ol A
#EE Tapellaria epiphyllad) A £4 FHE= A5

o] 44 & xanthoneo]l BIE chlorfb&H oA #
b wrels Ao] 108kMEo v SEEsle] Yot EF 2
o e REes S WRd Mgz A

(5) Griseofulvini} related compounds

Griseofulvin (XVII) & A &) Penicillium griseoful-

wum Dierchzol A FEEE Q2 Birdl ¥ #H4 £& Peni-

Kor: J. Pharmacog:

4
AV

N/ \”/ N7
0
xv)
Gep o (XVD) R=H
CNANA T B
(XVII) R==Cl
o/ \0/ \I/ NoH
R
cillium species] A Z38E=) gl oF,
o] HEL BT antifungal antibiotic=A EHEI
= 9=}
griseofulvin®] £ &RFFEEANA ol oF FAHi= o] o
= 97}A analogst BRH YT
AP dehydrogriseofulvin (XIX),. acadin (XX) 2@ erdim
(XXI) o2 (XIX)& Pegt?:z’llium potulum® culture:
22y XX)F (XXD&  Aspergillus tereus Tuom. )
cultivated strainsell A == 9},

OCHa

OCHz ¢

CHO o CHs.

(XVIID

(XIX) R1=CHs, R;=H, Rs=CHj3
(XX) Ri=H, Ry=Cl, Ry=COOCH;
(XXD) Ry=H, Re=Cl, Rs=COOH

(6) Anthraquinones
AEAA #BRR chloranthraquinone derivativess=-

fungiv} lichend] fk3le] wtEoldl HBERRSGI=H
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KB4 C-1, C-3% C-8 fizEs] —OH =& —OMe7}

BaEE o glen ol g ABFRAL oFF HEA ¢

Fragilin (XXII) @ 7-chloroemodin (XXIII)-& Bess-
oloma trichololomumo) 4| 7-chloro-1-0-methylemodin
(XXIV)&  Nephroma lacvigatumol A £ SHEEEAL
5~-chlorodermolutein(XXV)L  Dermocybe species?] §
Bl 4] Rl Ao

Ri O Rs

R: | 1 | Rs
NN NN\

VA YAV VAN
RS ] I CH3
Re O

R1 Rz Ra R4. Rs R6
(XXII) OH Cl OMe H H OH
(XXII) OH €1 OH H H oH
(XXIV) OH C1 OH H H OMe
(XXV) OME H OH CI COOH oOH

(7) Anthrone derivatives

Anthrone (XXVI)& anthraquinoneo] EITLE Ao
A anthrone derivative'® (XXVII) & Aspergillus fumi-
gatus®]  culture25E SEEAAT 25 = 29 dim-
eric anthrone derivativeq] flavoobscurin A(XXVIIDM®
7t Anaptychia obscurata Vain (lichen)ol A BRE A
7 chlorinatod bisanthronyl compounds} HAF A
BRR AL olzlo] Agoln zo HEIEM H
A= MeER vot ofd gl

0 HO O OH

‘/\n/\”/\l Cl\/\/\/
AVAVANY

U
(XXVD (XXVID)

OH 0 OH
ct | n |
NN\

/\/\/\/\C

3

Cl

OH | CH;
NZNNINS

YY),
OH 0 OH
(XXVIID)

(8) Coumarins
Sordinone (rupicolon) (XXIX)& coumarin FEEE}
B3+ chlor{t& %2 A Lecanora sordiash L. rupicola
Wz By S#ER  antifungal agente]™ chloroflavonin
(XXX)® & Aspergillus Candidus LiNk®] culture strain
o2 BE 48 coumarin F5EMEC] 3 antifungal acti-

vityE 732 Ak

OH O OH O

HC | | | I OCH;
T a8

|
Ho/\l/\o/\CHs " 0/>/\0/\/\
Cl CH, ‘ “
(XXIX) Ho \I/
cl
(XXX)

(9) Dihydroisocoumarins

Chlorinated dihydroisocoumarinsehe] 4 714 BEBEI
Ao] ochratoxin A XXXDEA 2fEY HERoEZRE
BERSo2A SEESE A

o]AL H&el Scorrel {kste] Aspergillus ochra-
ceus Wiinol A Zistel Bkl gl Bz = 288
Aspergillus®] cultured strain B2 $##E ham FKE-l
K38 Penicillium speciesZ Y-8 7B ook

o] #4o] = 39 chlorinated dihydroisocoumarins.
{(XXXID), (XXXII), (XXXIV)}el Sporormia fungus.
2ay BRIz (XXXIV)& =3t Periconia macros-
pinosas) A 5. FEE= 3=t

o] 5 3% chlor {b&%& 3531 }Hul antifungal acti-
vity7h gl&ol 3z

Rs CHs
NN
/NN 0
Ry ol
OH O
(XXX Rs=Cl, Rg=0=C—N—COOH, R,=H

—CH,—C:H;
(XXXII) Rs=Cl, Rg=0CHjs, Rs=Cl
(XXXI) Rs=H, Re=0CHs, R;=Cl
(XXXIV) Rs=Cl, R¢=0CHs, R;=H

(10) Quinones
218%8 9 chlornaphthoquinoneso] &= ok, = 3
1} 3-chloroplumbagin(XXXV) e 24 Plumbago zeyl-
anica®) HB AN = BTHEWY Prosera intermedia
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2 D. anglical A A= & §1E mollisin
(XXXVD) o 2 A fungusql Mollisia caesia & M. fallens
2Re S5 9 o antibiotic activity® Zt=z ¢th.

Rs O
R | I CHs
NN NS

\‘/ \H/ AN

OH O
‘(XXXV) R3=Cl, RTZH, RszH,
(XXXVI) Rs=H, R;=CH;, Rs=COCHCI;

Rs

(11) Tetracyclines
Chlortetracycline (XXXVII, XXIX) (—4% aureomycin)
& 7}% @ =7 antimicrobial agentz A el 4
HE - soil-organismQl Streptomyces aureofaciensz.
Helo}w] =24% Streptomyces species®] B2 cultured

strains2 B8] L#Es gl o).
ol Aol S. aureofaciens®] mutants® Fif e chlor-
tetracycline®] £ ARHFEF 2o gl (XXXVID

} BREd e oA HREEHF antibial activityE
R = 011:}
R: R: N{(CH3),
‘, CONH,

(XXXVIl) R;=OH, R2=CH3
(XXXVill) R*=0H, R;=H
chlortetracycline(XXXVID)¢] antimicrobial activity
-¢] mechanismell ¥&dE EEET WEST o FoiA

R g2 2o HRYE 44

M BERESARGERA ffAse 2224 & Fig.
3.0l F=3E w9} o] aminoacyl-t-RNA7} m-RNAY]
genetic codeS #(Esto] ribosome? H&H = BEL
B ApRel

EF ez proteind fiE=s weiA

nRNA

Schematic representation of antimicrobial
mechanism of chlortetracycline.

iig. 3.

Kor. J. P harmacog.

antimicrobial effect3 JERE Aoz ZIHE .
(12) Terpenes
BRRAA As4AA4 BRA
penedl] B3lE AL KEHol
pene lactone(XXXIX)9] ZEiEgE= 4 eupachlorin(XL)
2 eupachlorin acetate(XLI) 7} =9] fREH {Lael
v 2% Eupatorium rotundifolium L.} A Z3EE= 9o
AA = gt
3] &Y WaLker 256 (intramuscular carcinosarcoma
in rats) test'®ol A ¥ H €93 activityE Wb o
Guaianolide sesquiterpene lactone® o33 22 @

chlorinated sesquiter-

guaianolide sesquiter-

o in vitrool A cytotoxic activity s

(XXXIX)

R OH _cH, Cl

(XL) R=OH
(XLI) R=0Ac

2ol fk&lo] sesquiterpenel germacrene B(XLID) 2 -
B ERIGE Aol weAx A® (Figd.).
(13) Pyrroles, Indoles, and Alkaloids

o] groupel B3E A HelE
£ 22 g€ Ao A 9+

pyrrolnitrin (XL o] = {RzkRhel HEEA B
8l antimicrobial agentQl¥] Psexdomonas pyrrocinia
=2 XY s Qe protein, DNA, RNA %9 SR&
mgete Aoz gHAs g

o] #ES HiEsl ¥elA % BEe) v chlorinated
metabolite Hll isopyrronitrin(XLIV)# oxypyrrolnitrin
(XLV)o] #ignat bacteria®l cellol A ZBfEs A} o] &

antimicrobial activity
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Germacrene B
(XLID

Guainolide sesquiterpene lactone
Fig. 4.

Y= AE WY 2L antimicrobial activity® 7

ool = 28ES] FLULAYel SEEE

(XL R;=H, R,=Cl, Rs=H
(XLIV) R1=C1, RzIH, Rs—:H
(XLV) R;=H, R;=Cl, R3=0H

VA VN
R3 i

s

T i—ct
(X

pyoluterorin(XLVD) & 7R chlorinated pyrrole deri-
“vative2 A Pseudomonas aeruginosa®] cultured strain
o223 S@d A o 24 813 antibacterial activity

=
£ Zta g+

o | \.Cl
o
Va \—-C—\N VAN
OH (xLv
Indole derivativerho] 4] chlorinated compound ® 4]
B&RFAA R Ao = 4-chloroindoles 355 (XL
VII, XLVIIL, XLIX)Ee] Slvh olEL =F Pisum

0

Epoxide \

Guaiane
Skeleton

ol C=CH:

|
COOH

Schematic representation of biosynthesis of guaianolide sesquiterpene lactone.

sativum 1.9 RBEE T A 58S 9 0.0 4 hormone
(auxin (L) z#2)9 AL Iz Y& o] s
Ak,
RI
|
2N
]
NSNS
N
H
(XLVII) R’=Cl, R=CH;—COOCH;
(XLVIII) R’=Cl, R=CH,COQH
(XLIX) R’=Cl, R=CH;CO—NH—CH—COOH

(lle-—COOH
(L) R’=H, R=CH.,COOH

#iFel chlorinated acridone :5EA#2 = A gravacrid-
onchlorin (LI)3} gravacridonolchlorin (LII)o] Ruta
graveolenso| A 3=l Qo 29 {RHE FKaEe| A gt
acridoned] fEflo % Hol antimicrobial activityz} #j
fedl ot

alkaloidel]l B3l chlorinated compound & 4] &= spori-
desmins® £ & ot

#ErL 8 Ao 2E sporidesmin (LI, spori-
desmin B(LIV) sporidesmin E(LV) % sporidesmin D
(LVD) 24 fungus Pithomyces chartarum Eiriso] Al 5%
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0 OH
’ N
=
‘N
H 0
Cl—-g—CHz_R
» OH
(LI) R=H
(LII) R=0OH

BE= 9 on cytotoxic fungal metaboliteo] .

ol o] A He La celld] #3t cytotoxic effecti= Spo-
ridesmin E.7} 717 #88i  sulfur bridgest BRZHE
sporidesmin D& A3 toxic effect7} PSS £ # sulfur
bridge7} effect® vhebl ¥ Hobe] RERTHsoHe

A% ¢ 9%

Ry

H4,CO
OCHs CHs

(LIII) Ry=Cl Ry=0OH Ry=0H n=2
(L1IV) R;=Cl R;=0H R3=O0H n=2
(LV) R1=Cl R;=0H Rs=0H n=3

N— CH,

0

CHs S—CHs
(LVD)
(14) Polyacetylenes
Chlorined 483 ¢+ polyacetylenes} thiophenic
polyacetyleneo] R B BEEPAA BRI ¥
Bg Tz ged 24 24 #iE g Ag R

Kor. J. Pharmacog. .
o e 2o
CH;—CH=CH—C=C—C=(C—C=C—CH
Cil
=CH—CH—CH,0H
(LVII)
CH,—C=C—(=C—C=C—C=C—~CH
Cll
=CH—CH—CH;0H
(LVID)
Cl

I
CH;—C=C—C=C "\ S/ N\C=C—CH—CH;0H

|

L1X)

1y
\S/ \S/ \.C=C—CH—CH,Cl

(LX)

(LVID % centaurea L.l A1 (LVIIDE C. ruthenica=
Lam. oA (LIX)E Echinops L.olA zzlz X+
Tagetes minuta L.9] ¥ =2l £4% FEE=gien
=29 {ERA HaAAE obF #EdA ke =9 #-
#2 Hol #5E biological activitys} HifEs o},

(15) Sulfolipids

Ochromonas danica (phytoflagellate) 9] culture® 3-8’
4. sulfolipids® EIMAZ M chlor® @& E &
89 diolZ HRFEY zrhdA g3t 2L chlori-
nated compound® A=}

0S0;H
CHs—(CHz)s— CH——CH—(!:H——CH-—CHZ—CH-
R|16 R'15 1'113 Ilin
R’2
(CHz) s—(l:—Cﬂz—O—SosH
Rlz

(1LXI) Ry=R:=Ru=Riz=Ris=R=Cl
(LXII) Rp=R’;=Rui=Ris=Rie=H, Rys=Cl
(LX) R;=R’;=Ri3=Ris=H, Ry3=Ry5=Cl

o] #HBEL WHE enzyme inhibitor24 fatty acid’
9 aRE HELT.
(16) miscellaneous
HE BAd KK chlor (L&Y Lol =28 A2 &
a4 9+ Aol chloramphenicol (LXIV) & it 4
= 4& Aot ‘
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ule} 7ol broad spec-
EOE KT

chloramphenicol & JE4el =
trum-g- 7} 2 9= antibiotico = A
fHEg o,

1947~85Eol soil actinomycete (FIEHIGE ) Bt
= Streptomyces venezuelaeol) | F3EE® =) 9l 19494
o o) BEEW ) rEd k. MRMES S AT A
LE&ENA 29 amino derivative(LXV) 7} Gifs 4 &=
o ol EARE RidA E A
‘biological precursorz 4 7 o},

BAEsel 108589 KRchlorib&fpe] BEx Q=
B o] Href =

chloramphenicol®]

antileukemic, antitumor, =¥ antibacterial

agent2 A FFES R g8 ASE 9o
OH
7 \—C]H——CH—NH~CO—CHCIZ
| Ch0m (LXIV) R=NO;

NS
R

(LXV) R=NH,

Bromine

Natural source 248 9] FHigbrom {L&H< &I &
b8tz A chlorinated antibioticZ 3-8 Clt% Br
2 REFHLS 9 culture mediae] A L{ES brom {t
YT ded FiEstyd.

ZEv BSE T 64ERgN
compound”} Az ¢},
dyrrolic (£%= indolic)

508k brominated
o] & K& 4<] phenolic,
EE terpenoid productE-o] =]
3 o)AEL FZ marine organism (red seaweed,
sponges etc.)e] A SBEs 2 9l vhE Bhol 3 H gabsic).

Z¥] 3 o] 2] § phenols @ Z pyrrols %£o] antibact-
erial activity® Yl z 9l ot kiisrel s B

°of WAV 2E AHHA ERN A FRIT B
EE M2 gel BAldE olzx 94 gv As=

Bon E e Clat ¢4 gasle 9x A= 9
o},

(1) Phenols, Analogs related to tyrosine

OoH
Rs | R

(LXVII) R1=R3=Br R,=CH,0H

l
R,

Phenol derivative JH#E $ @ (antibacterial proper-
ties)e] 9=k, o]F 2, 6-dibromophenol (LXVID)20 e
marine worm (?&ﬁ) Q1 Balanoglossus biminiensisoll {5t
o wrEolA L MBEEA @ BiEo EXH AHE B
Male Hives @AEE Aol

® CEHY Bsle Odonthalia dentata 1.. & Rho-
domela confervoides (Hudson)o| A& 2,6-dibromo-p-
hydroxymethylphenol (LXVID® 7} HHE=l 9 =9 o R
A iR 2L FHE A=z 9

(2) Tyrosine

HEELE YN = bromik tyrosine @ =9 derivativeE
EREe AE0 Ath

Spongia officinalis obliquaZ ¥l £+ molluse(HRiE
B¥) <l Buccinum undatum L.\ A 9 WEHES
K@ Epol A B Limulus polyphemus 1.9 773
A2 2E monobromotyrosine(LXVIII)o] 4 Bf=l =z 9l
.

= X359 Gorgonia speciesol A A& o Z dibromo
compound(LXIX) -} 2 R% #% despongia spongesol 4]

Btol & Buccinum undatum 2 Limulus polyphemus

A o] HHEl BREH=Z Y.
monobromomonochlorotyrosine®. #£:%29 F organism
A FER= AT
OH
R Br (LXVII) R=H
A \/
I “ (LXIX) ‘ R=Br
l
CHz—?H—COOH
NH;

i marine sponges®] brom {L&Yd HE A%
Ao W Kol BTl = 33  antibacterial
brominated compound(LXX)7} Verongia cauliformis
9 V. fistularis B-& V. aerophoba o] A =] o]
B Fx g

(LXXDol V. tistulariss A BRIAUZ Verongia
speciesol A& (LXXID 7 R = 9=}

R: R
Br \\/ Br
NN\ (LXX) Ri=R,=carhonyl @

H ” (LXXI) R1=R,=0CHs

/ \ (LXXII) Ry;=O0CHs, R:=0C;H;
C‘Hz OH
0= (’3

NH,

(3) Pyrroles
Antibacterial properties® 7}x 3 9l brominated
pyrrolese] bacteria B{-& marine spongesoll A =]
= 97

Bl

h

Eopd

marine bacterium¢l Pseudomonas brom-
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outilisZ 28] antibiotic substance(LXXIIID) 7} ZHE= 3
3. Agelas oroides2 58 = —3E9 metabolites (LXXIV,
LXXV, LXXVD 7} 4Btst = ek,

Br Br
| ] Br
OH AN _
T
NN N\
l. ¥ T s R
\// H i
Br H
(LXXIID)

(LXXIV) R=CN
(LXXV) R=COOH
(LXXVI) R=CONH,

(4) Indoles

o] groupsl BItE KRAEH brom {LEWEA EHE
o= EEY= AL 6,6 -dibromoindigotin(LXXVII)
o} k.

o] EE HX Egyptisflol (4R (tyrian purple)
Yppe A FREYR Aoz “@sol”y —FEd Murex
brandaris?t @ —EY BRRISoE 2 #HEIT
fhEE AL 1906480] vh. R halogen HLAWZA
Agoz N Rt FIRL Aozt BelAd £ &
#7 gz B4

= §EY REaRRSY ENBHN NRAE T
A 7€ 389  indole derivative(LXXVIII, LXXIX,
LXXX) 7} #ifEs) EREEWY Murexst Purpura spe-
cies?] ink glandsol Al HEES AR o] AL otvtE BAE
+9 BHovE 7P$l Aoz BpEd+.

H I N
7\ N N
H 2
(LXXVIID) R;=0S0:K, R,=H
(LXXIX) R;=0S0:K, R:=S0,CH3
(LXXX) R;=08S0:H, R,=SCH;
0O O
AN ‘l I
R ( |
N/ \N/ = \N avs
Br Br
H H
(LXXVID

(5) Terpenes
BRRA B2 HEY brominated diterpened
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aplysin 20(LXXXI) e 2 4 BRE&E) Y (molluse) Aplysia
kurodaidl X SEES 3z =3 BE =8 diterpene
o] MEst:  bromine FEEE(LXXXD7t red alga<l
Laurencia concinnaol A #pHE=l 2 St

CH; OH
N
|/\/\\,

NN NVINS
(1) e (T8
NN\ VAVAV4

Br /\ Br /\

(LXXXD) (LXXXII)

(6) miscellaneous
L3k brom fb&#itd = L8 BN
H3 STEES 1A AE BRIA=Z I
o] rholl = toxino] FFESE AE dvd = ¥ fiz
A “surugatoxin”(LXXXIID)e] 2}s. #4& Zo] Baby-

lonia japonicad| Al 3= = A},

== #

(LXXXID)

= FE 37 = non-marine source 2 3-El FRE brom
& (LXXXIV)e)  Ab3el ] H 59 (cerebrospinal |
fluid) ol A1 Z3pEE=l Qo] o] 4B L rabbit, cat, mice &
o ¥t ok F WIT MEHEER (sleeping effect) &
gz Pol & HEKRE Tz gloen oF oy FA
T F RE7 =E Aol WA of Wl F< =
He ftx Jderts 2 MES #rRd=e 4
(lfl) 0 CH;
C—CH:—CH,— lCI -0 —(3IH- (CHg)s—CHa,

(LXXXIV)

Br""CHz—

Iodine

lodine {L&%9 FHRERERERC BT FRI
BEESRG7 AF old HE HEE

GRSt
BT B
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halogen {b&#0l W Axo o BHESA ol F444
g 8 2 9 dovt e E iodine {LEY
£ chlorineo} ¥ bromine {b& 4ol ¥l &t BRFA A
A9 =9 WBEE W3 B A=
S HEH

whebA] AZhitol A & iodinated amino acid 2
g g#kstEd 2 nA S

monoiodotyrosine (LXXXV, MIT) diiodotyrosine (LX

OH

RERDEL 2=
D?I‘.J\E?]_-T

[t

Ry |
(LXXXVI) Rs=Rs=I
\l/ I\IIHZ
CH,—CH—COOH
OH
Rs | R
17
A
| (LXXXVID) R3=Rs;=R’3=R’s=
0
RIE | R,,?, (LXXXVIII) R3'—_—R5:R'3—_—I R’5:H
\“/ \\/
’\I/
CHz-—CIH—COOH
NH,
XXVL DIT)& % @84 dE 1cAHwEA gorgonia

(43%%), sponges, WEHE 4 HHY TREESE
a9 gy o® H o} §ar 453] thyroid hormonedl 3.3/,
5. 5'~tetraiodothyronine(LXXXVI], T, = thyroxine) B
3,3/, 5-triiodothyronine (LXXXVIIl T3)9] TFiE4EZE
Heol A& Aolth

MITY DIT: = BBes: 41K A ¢t
K Tss Teo 4~5452 hormonefEHE 1A=z 9L
3 ki4ro] protein (thyroglobulin)®} F& =l 3+t
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