CHAPTER II

HISTORICAL

hemical As

Members of the

constituents:  depsidest™ def ‘ N

anthraquinones, sterols; tritegpe; ‘

ontain a wide range of chemical

aliphatic acids, xanthones,

\\ \ ea genus is shown in table 1.

*, \ \ these substances are usnic acid,

A list of compaetindg
Among lichen cafisti
depsides and depsidones.

Table 1 : Chemical investigatiG

Botanical Origi u

Reference

Usnea abissina Mot. E Swins & Krog
(1988)

U acantthera ﬁl‘u El ’Mﬂ%§ N | swins & xrog
(1988)

U amc%/malﬁ \3‘ r ﬁm M ’] y msﬂ;] a & Culberson(1969)

usnic acid dibenzofuran




Table 1 : (continued)

[]. acromelana norstictic acid depsidone Culberson(1969)

var. decipiens(Lamb.) usnic acid dibenzofuran "

Lamb.

U. alata caperatic acid depsidone Keeton &
depsidone Keogh (1973)
depsidone "

L. albomaculata Mot. Swins & Krog

(1988)
[ epsidone "

U. aliphatica aliphatic acid Keogh &

o Zurita (1977)
Y )
ltﬁi one "
.
salazinic acid depSidone 2
‘4 U |
A UY IIBNIT WIS
U. angulata AcRl difﬁ'ac}mc acid depsidone Culberson(1969)
= o/
YWIANNTHANRVINBNE
q usnic acid dibenzofuran !

U. angulata Ach. norstitic acid depsidone Mendiondo(1972)

ssp.alata Mot. (+)usnic acid dibenzofuran




Table 1 : (continued)
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U. antarctica Du Rietz

U. antigua Swins & Krog

U. arguta Mot.

U/ aristata Mot.

Ul arizonica Mot.

U. articulata (L.)Hoffm. 4

AUt
ARANT

U, articulata

var.asperula Mull. Arg.

fumarprotocetraric
acid
usnic acid

psoromic acig

depsidone

dibenzofuran

depsidone

Asnorstitic acid , ,
pofafuniblatid
pmtqc@raric a:id
wmedd]
salazinic acid
(+)-usnic acid

stictic acid

. depsidone

depsidone
-
‘dep !LA one
depsidone
lisckifafeqps
gy e/
haphdede | 6)
depsidone
dibenzofuran

depsidone

usnic acid

dibenzofuran

Culberson(1969)

Swins & Krog
(1988)
Culberson(1969)
Swins & Krog
(1988)

Culberson(1969)
Culberson(1969)

Culberson(1969)

L]




11

Table 1 : (continued)

U. articulata articulatic acid miscellaneous Culberson(1969)

var.intestiniformis barbatic acid depside "

(Ach.)Cromb.
L. asahinai Mot. norstictic acid depsidone Culberson(1969)
I/ | dibenzofuran :
U. aspera (Eschw.)Vain, g ' Culberson(1969)
U. aurantiaco-ater Culberson(1969)
(Jacq.

U. aureola Mot. Culberson(1969)

U. baileyi(Stirton) Swins & Krog

var. baileyi Zahlbr. (1988)

var.pinnatifida "

Swins & Krog. mtncetranc a depmdnne "

o] 18] SRENINARS | -

Swins&Krog. Y protocegraric acid | depsidone !

o N T) 380 Y1 ) J ] ) ) oy
usnic acid dibenzofuran "

U. barbata (L.)Wigg, ascorbic acid vitamin Culberson(1969)
barbatic acid depside N
barbatolic acid benzyl ester a




Table 1 : (continued)
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[/ bicolorata Mot.

U. bismolliuscula Zahlbr.

[ bismolliuscula

ssp,pseudomaﬂfm!ﬁ

U bommueﬂeﬂ %ﬁ]
olile a\mmamﬁ%maa

D-arabitol
ergosterol
fatty acid

lichenin

::«

I&snic acid

FRBHINBIRT

norstitic acid
protocetraric acid

psoromic acid

salazinic acid

polyol

sterol

organic acid
polysaccharide

| miscellaneous

" d 1
psidone

dibenzofuran

depsidone
depsidone
depsidone

depsidone

Culberson(1969)

Swins & Krog
(1988)
Culberson(1969)
n
Culberson(1969)

Swins & Krog
(1988)




Table 1 : (continued)
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. californica Herre
U. campestris Sant.
U. canariensis(Ach.)

Du Reitz

U. capilliformis Asah. #

[l ceratina Ach.

ﬂuaﬂ
o AR AINITUAN Y

U. chloreoides (Wainio)

Mot.

usnic acid
(+)usnic acid

atranorin

canarion

romic acsd
(+)usnicéacid

diffractaic acid

salazinic acid

NURTNYIRTS

dibenzofuran
dibenzofuran
depside

quinone

quinone

Bidgne
migeellaneous

depsidone

o dibenzofurang.
$leiirro) £

depsidone

Culberson(1969)
Mendiondo(1972)
Culberson(1969)

Culberson(1969)

L

Culberson(1969)

Culberson(1969)
Swins & Krog
(1988)
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Table 1 : (continued)

U/. comosa (Ach.)Rohl. folic acid vitamin Culberson(1969)
folinic acid vitamin "
mannitol polyol -

1]

obtusatic acid

"

U. comosa Culberson(1969)

ssp.colorans Asah. *

U. comosa Culberson(1969)

ssp.melanopoda Asah. —

U. comosa ‘ Culberson(1969)

ssp.praetervisa Asah E d

U. complanata mnpsnrunuc amd depdone Swins & Krog

ownn gl 6] I TV BARG |0

(U. barbata galbinic gcid depsndune !

w AR MFRUY IR0 E
psoromic acid depsidone g
salazinic acid depsidone "
stictic acid depsidone .
usnic acid dibenzofuran "
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Table 1 : (continued)
U. confusa Asah. salazinic acid depsidone Culberson(1969)
. usnic acid dibenzofuran N
U. confusa protocetraric acid depsidone Culberson(1969)
ssp.rubroreagensAsah. usnic acid dibenzofuran !
. contorta Jatta depsidone Culberson(1969)
U. cornuta Korb. Culberson(1969)
U. creberrima Vain. Culberson(1969)
ibenzofuran =
U/ eristata Mot. depsidone Swins & Krog
L._.“r‘v - (1988)
U. cracmmbescens Vi | sofuran Culberson(1969)
i .J
U. dasypoga (Ach.) Roh RS ascorbic acid vitamin Culberson(1969)

Aud
WA

buuscael| A
]ﬁﬂﬁﬁ Y :El'g] At
:i::::c acid ::::;:f
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Table 1 : (continued)
U. dasypoga diffractaic acid depsidone Culberson(1969)
var plicata f.annulata usnic acid dibenzofuran 5
(Mull. Arg. )Hue "
U. deminuta Mot. depsidone Culberson(1969)
dibenzofuran "
U. densirostra Taylor Mendiondo(1972)
U. diffracta Vain. Culberson(1969)
U. diffracta % Culberson(1969)
ssp.subdiffracta , - "
U. diplotypus Vain. Py salazinic acld depmd-::me Culberson(1969)
ﬂ | u; E*‘ﬁﬁiﬂ %
U. dorogawem': AEhEl s?{c!:gm?] ‘i w depsidone Culberson(1969)
ARV FRIN T HB0RE -
U. dusentt Du Rietz usnic acid dibenzofuran Culberson(1969)
U. eizanensis Asah. thamnolic acid depside Culberson(1969)
usnic acid dibenzofuran i
U. elata Mot. diffractaic acid depside .




Table 1 : (continued)
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U. elongata Mot.

U. eulychiniae

U. exasperata
(Mull.Arg.) Mot.
(I/.dasypogoides

var.exasperata Mull. Agg

U. fasciata Torrey | :

A8l

U. firmula(Stirtdh)Mot.

QRANF

U. flexilis Stirt.

hirtinic acid
protocetraric acid
(+)usnic acid

thamnolic acid

norstiti% acid

BN 9889 5 B

salazinic acid
alanine
barbatic acid

barbatinic acid

miscellaneous
depsidone
dibenzofuran
depside

dibenzofuran

1 miscellaneous

depsidone

depsidone
amino acid

depside

miscellaneous

Culberson(1969)

Huneck&
Follmann(1968)
Swins & Krog
(1988)

Culberson(1969)

Swins & Krog
(1988)
Culberson(1969)




Table 1 : (continued)
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U. florida (L.)Wigg.

U fulvoreagens(Ras.)Ras.

e SO

QRAF

glycine
norstictic acid
salazinic acid

threonine

e dtlie -

amino acid
depsidone
depsidone

amino acid

| amino acid

dibenzofuran

“\depside

e e e e e e e
]

U. galbinifera "—;E aioir

constitig'acid

protocetraric acid

salazinic acid

depsitlone
iy

- depsidone g,

| diddichb] || dbiine] 6)

depsidone
depsidone

Culberson(1969)

Culberson(1969)
Culberson(1969)

1]

Swins & Krog
(1988)
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Table 1 : (continued)
U. glabrata barbatic acid depside Culberson(1969)
ssp. pseudoglabrata Asah. | salazinic acid depsidone "
usnic acid dibenzofuran !
U. glabrescens norstictic depsidone Culberson(1969)
(Nyl.ex.Vain.)Vain. dibenzofuran ¥
U. glabrescens zpsidone Culberson(1969)
ssp.asiatica Asah. ;
U. glabrescens Culberson(1969)
ssp.pseudocolorans A .
U. goniodes(Stirton) Swins & Krog
Swins & Krog (1988)
. hakonensis Asah. dépsidone Culberson(1969)
| depsidone !
dibenzofuran .
U. haumanii Mot. | Z——fatty-as -orgeic acid Swins & Krog
' depsidone (1988)
ELd
f "
fug }M% N PR
U. hirta {L}ngg'! atranorin -| depside Culberson(1969)
\ B \ W
AR1ANT|F8H R RUIRE
potassium oxalate miscellaneous 1
salazinic acid depsidone ¥
thamnolic acid depside "
(+)usnic acid dibenzofuran i
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Table 1 : (continued)
U. hondoensis Asah. barbatic acid depsidone Culberson(1969)
salazinic acid depsidone -
usnic acid dibenzofuran "
U. hossei depsidone Culberson(1969)
f.subtrichodea Asah, depsidone .
Fdibenzofuran "
U. implicita (Stirt) Za ehttic acid™ . psidone Culberson(1969)
dé k‘(}fi:lraﬂ Y
. TANNS |
U. incrassata Mot. gtraricacid e Swins & Krog
» jeptldone | (1988)
\ idone !
U. indigena Mot. dépsidone Culberson(1969)
dibenzofuran "
U. intexta Stirt. depsidone Culberson(1969)
U. intumescens Asah. & g salazinic acid g depsidone Culberson(1969)
A UE PRGN TN Grdiden :
aponica an barbatélic acid benzyl ester o | Culberson(1969)
srm ANTI Sbbdiaecl 1 JWebd N E| -
salazinic acid depsidone i
stictic acid depsidone "
usnic acid dibenzofuran "
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Table 1 : (continued)
U. kinkiensis Asah. norstictic acid depsidone Culberson(1969)
salazinic acid depsidone "
usnic acid dibenzofuran "
U. koyana Asah. decarbo 11= olic | depside Culberson(1969)
U. kurokawae Asah. Culberson(1969)
U. kushiroensis Asah. Culberson(1969)
psidone )
dibenzofuran !
U. kushiroensis depsidone Culberson(1969)
ssp.subasiriensis £ '"T;f? !
e'dcme "
U. kyotoensis Asah. _| norstictic a{::l depsidone Culberson(1969)
ﬂi‘L’.El wmw fefohg |
usnic aeid -,| dibenzofuran, ,
U. facﬂrmcq a QI ﬂ p M%&ﬁ] A %’q a ﬂ Culberson(1969)
' salazinic acid depsidone
stictic acid depsidone "
(+)usnic acid dibenzofuran g




Table 1 : (continued)

U. laricina Vain.ex Ras. salazinic acid depsidone Culberson(1969)
usnic acid dibenzofuran
U. leprosa Mot. galbinic acid depsidone Swins & Krog
icti (1988)
U. lethariiformis Swins & Krog
(1988)
U. liechtensteinii S Swins & Krog
(1988)
U. longissima Ach. Culberson(1969)
¢a evernic % depside
Fl W87 THEaH R
o =
§ WIANT 113 Trikpord)
lichenin polysaccharide
salazinic acid depsidone
(+)usnic acid dibenzofuran
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Table 1 : (continued)
U.longissima diffrataic acid depsidone Culberson(1969)
ssp.ambigua Asah. (+)-usnic acid dibenzofuran .
U. longissima evernic acid depside Culberson(1969)
ssp.jesoensis Asah. (+)us nic acid dibenzofuran >
U. longissima , 1Y depside Culberson(1969)
ssp persensibilis Asahu depsidone g
U. longissima Culberson(1969)
ssp. persensibilis _ Ldepsidone 8
f. tingens Asah.
| dibenzofuran »
U. longissima depsidone Culberson(1969)
ssp.sensibilis Asah. dibenzofuran !
U. longissima :' pside Culberson(1969)
ssp.vulgata Asah E 5 dibenzofuran "
U. longissima Ach. ¢ _ | d- -usnic acid, dibenzofuran Culberson(1969)
ool ) D RN | A -'
U. ludicra lﬂzz bagbatic acid depsm‘e Culberson(1969)
RIAIN T VAR |
salazinic acid depsidone “
usnic acid dibenzofuran "
U. lunaria Mot. (+)usnic acid dibenzofuran Culberson(1969)
U. maculata Stirton protocetraric acid depsidone Culberson(1969)
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U] merriliii Mot.

U. microcarpa Pers.

U misaminensis(Va
Mot.
U monstruosa

U. montis-fuji Mg

U. montis-fuji
f cinerea A -;:.—,.

.

[J. mutabilis Stlrt

U I NE
QA

[

nsu:and

ﬁ"!
norstictic acid

depsidone

= ':... done
i)
~(libenzofuran

)

dibenzofuran

Ll

HI#19 7] ﬂ&% i

dﬁpﬂoﬂe
depsidone
depsidone

Culberson(1969)

Culberson(1969)

Culberson(1969)
Culberson(1969)
Culberson(1969)

Culberson( 1969)

Culberson(1969)
Culberson(1969)
Swins & Krog
(1988)




Table 1 : (continued)

U. orientalis Mot.

AU INg

U. pekplexans Stirt.

U. an‘emaﬁ 3T
Eemed:as% NG AC \

el
W8N T T IN TS

organic acid
protocetraric acid depsidone
salazinic acid depsidone

(Husnic acid

aliphatic acid

Culberson(1969)

Culberson(1969)

Culberson(1969)

Swins & Krog
(1988)

Culberson(1969)




Table 1 : (continued)

U. picta Steiner

U. poeppigit

U. pseudinturg@scghs ;. P
1. pseudomontis-fuji ‘s ;P
Asah.

U. pseudorube.r:

ﬂWﬂﬁﬂﬂi.

protocetraric acid

dibenzofuran

o 18 Nﬂﬂﬂﬁm
fumarprotocetgaric
UAINE

T

depsidone
depsidone
depsidone

Swins & Krog
(1988)

Culberson(1969)

Swins & Krog
(1988)
Culberson(1969)

Culberson(1969)

Culberson(1969)
Swins & Krog
(1988)
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Table 1 : (continued)

U. pulvinulata Dodge diffractaic acid depside Swins & Krog
norstictic acid depsidone (1988)
protocetraric acid depsidone "
salazinic acid depsidone "

U. pusilla ) dibenzofuran Swins & Krog

(1988)

U. pygmea Culberson(1969)

ssp. kitamiensis Asah. 4

U. roseola Vain. Culberson(1969)

U. roseola Culberson(1969)

ssp.pseudoroseola Asah. ¥

U Fiibescens Stitt, | Culberson(1969)
salanmc acld depsidone "

AUt pnemindans |

U. rubescens Y stictic a&zd deps:dcme Culberson(1969)

s R{ARIT T NN AN 1A Y

U. rubicuhda Stirt. barbatic acid depside Culberson(1969)
constictic acid depsidone "
ergosterol sterol "
galbinic acid depsidone "




Table 1 : (continued)
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norstictic acid depsidone
protocetraric acid depsidone
salazinic acid depsidone
stictic acid depsidone

' dibenzofuran

U. rubicunda _depsidone
ssp.aberrans Asah.
U. rubicunda
var.primarin

U. rubiginea(Michx)
Mass. |
U. rugulosa Vain.

/. ruwenzoriana Mot depsidone

depside

U. sanguinea Swins& ¢ norstictic acid o depsidone

e @YY INENINYIRS

U. scabrata Nyl.9 barbatic ‘amd depside .

QRANAEHM TR Y
q salazinic acid depsidone

(+)usnic acid dibenzofuran

U. shikokiana Asah. stictic acid depsidone
usnic acid dibenzofuran

Culberson(1969)

Culberson(1969)
Swins & Krog
(1988)
Culberson(1969)

n

.| Culberson(1969)

Swins & Krog
(1988)

L]

Swins & Krog
(1988)

Culberson(1969)

Culberson(1969)
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Table 1 : (continued)
U. similis (Mot)Ras. usnic acid dibenzofuran
U. sorediifera(Arn.)Lynge. | (+)usnic acid dibenzofuran
U. sorediosula Mot. protocetraric acid depsidone

U. spinigera Asah, depsidone

#depsidone

L. stirtoniana Zahlbr.

accharide

lysaccharide

"

2 / | A 5

.—-‘:f/f

itamin
U. strigosa (Ach) A. Eat. depsidone

.'-_;;'Z',"T':'.f' gk

Wy

U. subcristata Dodge dlﬂ"'ractmc amd

18 BEa S Y AR

U. subecilliata(¥Mbt.) fatty acid organic amd
QW ANT Eﬂ%ﬂ&fﬁ 1 J:W?Iﬂ At

Culberson(1969)
Culberson(1969)
Swins & Krog
(1988)
Culberson(1969)

Culberson(1969)

Culberson(1969)

Swins & Krog

(1988)
Swins & Krog
(1988)
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Table 1 : (continued)

U. subflorida(Zahlbr)Mot. | barbatic acid depside Swins & Krog
(U. steineri . norstictic acid depsidone (1988)
var.subflorida Zahlbr) pigment miscellaneous "

protocetraric acid depsidone "

| depsidone B

U. subfusca Stirt. tic acid % “depsidone Culberson(1969)

wdepsidone

q

Fd

nzofuran &

U. submollis Steiner , Swins & Krog
\ ’ (1988)
| \\:\\‘ ic acid §
depsidone !
\ psidone #
depsidone "
"-V_-f—__LL e _-_tgi-==r.;~,.;.;|? ‘ i
U/, sulphurea (Kon.) 'm : | DSt i one Culberson(1969)
Th. Fr. ¢ lhusn.ir.: acid s dibenzofuran "
U. thomsonii sﬂ u E] '}%ﬂaﬁ ‘5 w '&*ﬁi}ﬂe‘j Culberson(1969)
Y usnic acjd Lqiaenmﬁ;mn y ’
o r ) )T ) PA8) ) s s
i usnic acid dibenzofuran | (1988)
U. trichodea Ach. evernic acid depside Culberson(1969)
(+)usnic acid dibenzofuran "
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U. trichodeoides

Vain. ex. Mot.

U. undulata Stirton

UJ. venosa Mot.

A
AR

barbatic acid
norstictic acid
protocetraric acid

salazinic acid -

(+)usnic acid

valine

919)9)9 9

salazinic ‘acid

depside

depsidone
depsidone
depsidone

)

depsidone

et 94 JHAee) &) 4

dibenzofuran

amino acid

Culberson(1969)

Swins & Krog
(1988)

Culberson(1969)




Table 1 : (continued)
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U. wasmuthii Ras.

U welwitschiana

U. yakushimensis Asah.

salazinic acid
usnic acid

protocetraric acid

V;‘

.ql

depsidone
dibenzofuran
depsidone

depside

Culberson(1969)

Swins & Krog
(1988)
Culberson(1969)

4

AULINENINYINg
AR TN TN
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1. Usnic acid

Usnic acid is a well-known and widely occuring lichen substance and it was first
isolated more than 120 years back from Usnea barbata. However its chemistry was
understood only during the thirties of the present century. The structure now accepted is

(c=0.697 in chioroform), 25 °C(y’lﬂﬂ ml), in water <0.01;

acetone 0.77, ethyl acetate 0.88; ethanol ithy| Cellosolve 0.22; ethyl Cellosolve 0.32;

furfural 7.32; furfuryl hihol 121, -
\ 7 ) AY |

')

Usnic acid s samewhat um:sual in that it ha

L-fﬂmm““f‘]’ﬁﬁ"‘?’?‘lﬁﬂ‘iw Eﬂﬂ‘i

s been isolated in both the D- and

OH o
(*y USNIC ACID

1
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1.2 Biological Activitie

1.2.1 Antibacterial activities

The biological activities of the usnic acid enantiomorphs were the

same (Stoll ef al, 1947). These actjviti \ ’ /, ive against gram-positive bacteria such as
N \
Bacillus subtilis, B. mycoidésy .,,;_; v 'Ftacoccus Jaecalis, Staphylococcus

aureus, Micrococcus lysodellliguseCoryhebaelerium diphtheriae, Haemophilus pertussis

and the acid-fast organisnydf erit "\ ""‘m s.at about 1 part per million. Most

gram-negative bacteria, filaffen / \\\*\\

Shaw, 1967).

ot inhibited. There was very
little work on its mechnisgi®of, aat 30 pg/ml usnic acid inhibited

the induction of B-galactosigd
2.2 Effect on ‘.'_-_, .

washed rat kidney particles
was usnic acid at I(}'f" LN

]

citrate. Respiration was mcreased or there was no effect ‘mth glutamate, a—ketu glutarate,

malate, pmvateﬂ%ﬂoﬂﬁﬁeﬂtﬂsﬁ'ﬂ At 104 M, the oxidation

of all these substratés was inhibited ﬁ'c:-?'l 55 to 89% (Pru!cudnm 1993)

ARI1ANN I AN Y

Usnic acid at 10-6M caused a slight in inorganic phosphate uptake by

! -i'--r e with succinate, fumarate and

liver homogenates with pyruvate as the substrate. Inhibition occured at higher antibiotic
concentrations and was nearly complete at 1.6x10-3 M. These was little effect on oxygen

consumption at these concentrations.
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The mechanism of action of usnic acid would appear to be at some site in
the terminal electron transport system. It inhibits respiration and uncouples oxidation
phosphorylation so inhibition may be associated with the energy transforming system in the

terminal respiratory pathway (Shaw, 1967).

1.2.3. Tumo _,.._-d ’”(/’

. _‘
In the cg .: : & toi tumor inhibitors indicated that both L-

and D-usnic acid were actj yand Kopperman, 1975).

ed low-level activity in the Lewis
lung carcinoma test systeq » agents of potential use in the
treatment of lung cancer,'d uct were synthesized and evaluated
with a cytotoxicity assay. StmCYEEEACUVILY sis'of the cytotoxicity data indicated the
importance of the Hpophi]ici 7

(Takai, Uehara and E

= moiety of usnic acid on cytotoxicity

4

y

1.2.4 ' Ercu]uus activiti

ﬂUH?ﬂBWiWHWﬂ?

U Usnic acid has he?'l extenmvely studied for antltui}&mulﬂus activities in
rin, ARG P4 B T o s
forms of usnic acid and the racemic one are microbiologically active. Virtanen,(1955)
prepared a number of derivatives of usnic acid by reacting with aminocompounds,
particularly those which were clinically accepted tuberculostatic agents, and studied their

antituberculous activities. One of the derivatives, designated as USNO has attracted much

T 1212994
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attention since it was claimed to be the most potent water-soluble derivative of usnic acid so
far tested. It was prepared by reacting usnic acid with the surface-active agent,
benzothonium chloride (Hyamin, 1622). It might therefore be concluded that the traditional

use of tincture prepared from lichens in the treatment of pulmonary infections was not

justification.
1.3
ich would be formed in lichen by
the condensation of two.afiole f me loroaceto phénone. The results of the feeding
experiments performed ‘ ; \ he phenol oxidative coupling of

methylphloroacetophenong{ Ta@ughi arid Sal \\
y indicated that two unit of Cg-
polyketide were involved in th€ bisvithesis.” methyl groups in the usnic acid molecule,

aromatic and angular ones, wers T Lo leri ved ﬁm Cq-unit. The results of the

—_—— e

o {“ that the methyl group of

henone but into Cg-polyketide

degradation of the

methylphloroacetone w@nu

prior to its cyclization. H{iwever the uxldau&,cnuphng of methylphloroacetone should be

s, o 5] PRI B AT om. s

seemed probable ty assume, not only the position akdstenc factor %pmdaﬂve coupling but
also the wﬁm&ﬁw%%%%a a:%’e the occurence of
isousnic aciqd was found in many lichens along with usnic acid.

The final stage of the biosynthesis of usnic acid was the dehydration of
hydrated usnic acid. This step was also confirmed by the conversion of 3H-labelled hydrated

usnic acid. From these experiments the pathway of the biosynthesis of usnic acid had been
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established as summerized in Figure 2.

fHs Hs
CH,.CO.S.CoA Eﬁ o
%Ff ‘?o.s.Enz_c.f. P
, COOH e LCH c
cHy * .
CO.5.CoA methylphloroacetophenone

D.CH,/ SCO.CH,

//l% \\\\ﬂﬂ

CO.CH,

Eigure 2 Biogegesis of usnic acid

ﬂﬂﬂ?'ﬂﬂﬂﬁﬂiﬂﬂ‘i

It rmght be noted that the structuse of usnic acid could be written in
mutomﬂﬂakm%mm um’laymﬂaﬁw hydrogen bonds.
Infrared and proton magnetic resonance spectroscopic studies (Forsen, 1962) have revealed
the existence of three intramolecular hydrogen bonds in usnic acid. This would explain its
pronounce lipophilic properties like solubility in benzene and chloroform in spite of its high

oxygen content.
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A remarkable property of optically active usnic acid was its ease of
racemisation (involving the quarternary carbon marked *) under neutral conditions (boiling
with toluene or xylene). This has been explained by involving a homolytic fission of the bond

(a) in usnic acid to a structure centre, could recyclise to the racemate.
1.4 Optical, C

1.4.1 Optical and Cevstallograph ¢.Lroper ies

ablets having beveled ends and
sides. The refractive indicg§ . J by immersionymethods. The crystals dissolved
slowly in some of the in i =d, But2 good value could be obtained by
examining the sample imm s dding‘the, ing rersion liquid or by saturating the

immersion liquid with the usni€ ggic pinifig the index of the resulting solution.

The indices of the liquids used sers a refractometer. Ordinary views of the

crystals showed a cepigred obtuse bis ———_‘ﬂ 3, Table 2 summerized the
Y., A

optical data. The combipat : f'r’ this compound belong to the

orthorhombic crystal syste? (Jones and Palmer 195{1]

ﬂUﬂWW‘iWMﬂ‘i

amamﬁﬁm@\wmaa

L
ol i d
]

e :‘;‘__. "‘-,.-—-/

Figure 3 Optic orientation of usnic acid
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Table 2 : Optical Properties of Usnic Acid

Author|  F Tlones AN.Winchell

1125D & 1.611+0.001 1.4627

P

Y
2v Obs.
Calcd.

1.6531

7798

Dispersion,
Optical charaéte
Pleochrois

, en-yellow
Crystal system l - fthorhombic

a ",.r.ﬁ. action analysis were obtained
A

by recrystallization ﬁ-um ctﬂnmfunn The Wmssmherg photographs confirmed the

mwsﬂ@ﬂ ﬁrﬂ given in Table 3. The

density of an usni Facid crystal was n"easured by ﬂotatmn ina rm of ethylenebromide

o o AR AR TOIHAGHHER B v

empirical formula C18H1607 in the unit cell,

orthorhombic

Since the space group deduced for usnic acid has only four general
positions there must be either two crystallographically different sets of four molecules with
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of Signer using aceetone as a solvent. The molecular wight so determined agrees with the
formula CjgH 507 and ther must be, therfore, two crystallographically different sets of
four molecules each in the unit cell of usnic acid (Jones and Palmer, 1950).

Table 3 : X-Ray Diffraction Results for Usnic Acid

1.5

derelectron impact conditions was
)

OH# processes the bond ")’ in usnic
i

e mass spectrum of usnic acid also showed two prominent

somewhat similar to :ts CH |

acid was easily broken.

g s« YA FH QY| BV WA 25 oo

which arise from tH¥ keto- and enol- f‘o.u'ns as shﬂwn in Scheme 1 . I-:m a fragments further

e WAL VLAL E iA=Lk Dt

{ClegD.q As expected, b loss water to give ion e (m/z 215) (Letcher, 1968).
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ion of usnic acid

i

1.5.2 ] .‘:L

|
. i¥ |

TP TNy o o poss o e

carbonyl region (Firsen et al, 1952;.

Q W'l W\Tﬂﬁwwf}ﬁ'ﬂﬂﬁ Erhsed B-tricarbonyl

grouping gve a broad band near 1540 cm-1,
(2) The enol ether double bond absorbed near 1610 cm=! and the

absorption of the aromatic ring could also be expected in this region.
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3) The aromatic C-acetyl group absorbed near 1620 cm -1 . The
corresponding band coalesced with the enol ether band and a very intense absorption was
observed.

(4) The dienone carbonyl absorbed near 1670 cm-1.

(5) The O-acetyl groups, as expected, absorbed near 1780 cm-1.

ped towards unusually low frequencies.

It revealed that usnic aci mct hydrogen bonds of different

character. Spectra record€t o owed no significant changes and

it was therefore evident tHat ti€sg'hydrogen bonds were intramolecular.

b = .:"'"""E"?""?""""““'""‘""""""";"
Table 4 : *H-NMR L Tanaka, 1975)

J

-

y=CH- chelated chelated

w EJ ‘mlﬁﬁc OH | enol OH

6.06) |133(Cpu | 18.8(C3)

N~

The PMR spectra were very distinct. The signals from the

Usnic acid ‘
i

*abbreviation :s:singlet

hydroxyl protons afford straight-forward information about the hydrogen bonding (Forsen et
al, 1962).
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(1) The hydroxyl proton:::f the triketone chelate gave a signal
very low field at = 9.20 ppm. The signal was shifted somewhat towards higher field on
acetylation of the phenolic hydroxyl groups, especially that in the 5-position.

(2) The phenolic proton of the aromatic conjugated chelate

gave a signal at surprisingly low field ( = 3.28 ppm). The position of the signal implied that

the hydrogen bonds in the aromatic shel /gre rather strong. It should be remembered,
huwwerj ‘that diamagnetic aniSof matic system contribute to the low-
field position.

> 3 Somwas abviously due to the phenolic
hydroxyl group in the 5965 / : low field indicated that it was
engaged in a hydrogen bosd. \the infrared hydroxyl absorption
pattern.

3, which recured in all spectra, was

= methyl groups were generally well

separaxed, It i.'l'll:ﬁCﬂ.'l gat thes ‘_.___._:_;__;_____:_:;_.‘;{;“ Eﬂﬂidiﬂg Sigﬂﬂ]S from the C-

! ¢ o Y
Q) 0 T7S B PRI B e s

confirmed By selective INEPT experiments. There studies established that the C(9)-OH was
two or three bonds from the C(8),C(%9a) and C(9) carbons, and C(7) carbons. It should be
noted that some of the 13C-assignment for usnic acid made by the previous workers have

been corrected here. Thus, using two dimensional 13C-1H correlation (HETCOR) and



selective INEPT experiments, the carbon resonances of usnic acid were established

(McPhail, 1992).
Table 5 : 13C-NMR Chemical Shift Assignments in CDCI3 relative to TMS

(+)-Usnic Acid

-
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In the solid state, hydroxy groups at C(7) and C(9) were involved in
intramolecular O-H:-O hydrogen bonds to the adjacent carbonyl oxygen atoms at C(15) and
C(1). The absolute configuration at the C-9b position of (+)-usnic acid was determined to

be R and S configuration at this asymmetric center.

Figure nt of usnic acid

1.6 Pharmacoki

The phacmacokifietiés of iD(- id was studied in rabbits following

intravenous or oral adiniSiratio jody weight doses, respectively.

Plasma samples were mﬂ:te at di eintervals gd usnic acid was determined by
HPLC. Plasma usnic dcid, levels following intravenous administration showed a
triexponential ellﬂ\urﬂlg nﬂm ﬁuw %}QQ l‘§T+4 6 hr. The volume of
distribution of the central comp stentie clearance weie 43.9+21.3 mlkg and
oA A A A NEN A 6 o
adnﬁrﬁstraﬁ?:m were analyzed using a noncompartmental method. Peak plasma level
(Cmax) of 32.5+6.8 pg/ml was achieved in 12.243.8 hr (tax). Mean absolute
bioavailability of usnic acid following oral administration was 77.8% (Krishna and

Venkataramana, 1992).
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1.7 Toxicology

1.7.1 Hypersensitivity

Mitchell (1966) studying cedar poisoning in lumber workers in British

Columbia, found D-usnic acid to be 1 w the bark lichens. Champion (1971) also

found D-usnic acid sensitivity in's #Hatients with lichen sensitivity.In a group
- - = . o ﬁ —
of atopic individuals who dexe Jeexa eczema, as well as asthma and rhinitis,

U \.\\\
fé \\\\\

Lecanora spp. In additi ofD 6516 acid, the Lsenantiomer (mirror image molecule) can

tch tests with lichens, notably

Both enan "“;”" . o acid were studied for toxicity and

antifeedant activity ag ,J-,a-m-.m.—..m.;::;:.

Y, ‘e
They provoked strong n

rbivore Spodoptera littoralis.

_i'"l h retardation and a pronounced
iv

increase of the larval pepg in chronic @dmg experiments with neonate larvae at

concentrations dnsprhfie o) & efen§éhiTivabty fobiop Ttbéiy natural concentrations in

various lichens. ﬂ)m of the most active mmpgnd {)—usmc was observed at 8.6

e QRTINS PRl ws0s i 1

pmolg-1 dl%( weight, respectively ( Emmerich ef a/,1993).
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2. Depsides

2.1 History

The largest number of lichen substances belong to the groups, depsides and

depsidones. Depsides are esters of yphenol gagboxylic acids and have a phenyl benzoate
skeleton. Two phenolic parts ofia deps ide mad L€ Uistinguished by referring the two units as
the acid component and the PRERGlEcomp nelwhe lichen depsides are didepsides

but a few are tridepsides.
\\\\
\\\\\\ e case of meta-depsides the 3'-

' »\-\x d in the depside formation. No

Jeglakantan, 1969).

ra-depsides and meta-depsides
depending upon whether {i€ pe depside formation is para or
meta to the carbonyl groupg

hydrﬁxyl group or the 5'-

Lichen depsides ‘,, orcinol and (ii) B-orcinol derivatives,
A variation commonly met with i of the side chain of orcinol nucleus. The

side chain contains an, e safying length and in some cases

f;‘ ol derivatives, no such chain
|

ween the two hydroxyls is often

ketonic groups are incOpO .

lengthening is noticed.

* W’TVIW'?“W N T S
NI URINB A A

(i) Orcinol (ii) B-Orcinol
R =CHj3, C3H7, CsHj, C7H|4 R = CH3, CH0H, CHO, COOH, OH

T wever the methyl gruup in be:

found invarios st
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2.2 Chemistry

A survey of pertinent literature of the genus Usnea was made and it was
noted that the antibiotic usnic acid (1) is the principal constituent of members of this lichen

genus. In the Indian (Nair ef al, 1953, Dhar ef al, 1959, Murty et al, 1959, Aghoramurthy

et al, 1961), Japanese (Asahina et qf, 1926] 4932; 1933;1934), Australian (Briner ef al,
e |

1960) and Brazilian (Mors e _\ Usdh€actaer it (1) occurs together with various

depsides as barbatic acid (2);Famalicacid (3), 4}, atranorin (5), diffractaic acid

(6), thamnolic acid (7) (Culbgrs®n o3 ‘

Table 6 Degfide §

. ‘A
P 839
R?maﬁcacid 3 H H | €H;| H

AN2ASN UM A NBNA

Amanorin 5 | H |CH, | CHO|CH, | H

Diffractaicacid © |CH, | H | CH; | CH,| CH;
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2.3 Chemical Reaction

2.3.1 Hydrolyzation

The depsides are esters of aromatic hydroxy acids, in which the

carboxyl group of an acid is linked tothe 0%y group of another cyclic compound. The

ester linkage is quite labile. Tf5il oty iakage between two rings, the complex
compound is easily hydrolyzed TS degradti PrOJUCES containing one ring each. Boiling

with alcohol readily causes spiiffiag of 4 ¢ depsides andia simultaneous ester exchange. On

v, ,/ ;\\\\.
A ABNNN
AN

occuring in oak moss and tregimgBsyVie; evernic® tganorin, barbatinic acid and chloro-

steam distillation, or on ex ent containing hydroxy groups,

the lichen acids pass into tially decomposed (hydrolyzed).
For this reason it is of fundz quainted with the depsides
atranorin (Guenther, 1960). =2

{a} Everni #; ent with water, it undergoes these

,:,

) ‘ Lo r."
i ] mwﬂmwmmm

NI AR NGRS

-Co,
-

H,CO CH, H,CO CH, H CH,
Orcinol monomethyl ether Eveminic acid Orcinol

Figure 5 Hydrolyzation of evernic acid
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(b) Barbatinic acid : a higher homolog of evernic acid, occurs in the
lichen Usnea ceratina Ach. Barbatinic acid, if treated similarly to evernic acid, undergoes

these reactions :

COOH

: £ :\ i : SN\ . OH cH,
H;C‘U ____---'-K_‘_l“'l ‘ —4d
}‘\‘
e

Barbatinic acid §

H ‘ OH
H, H,
H,CO cH . H iy % HG CH,
p-orcinol monomethyl ether s - orcinol

barbatinic acid

Fvnd chloroatranorin undergoes

the following reactions : ‘

ﬂ‘LlEl’JVIHﬂﬁWEI’]ﬂ‘i
ﬂﬁﬂﬂ\‘iﬂiﬁuuﬁﬂﬂﬂ’lﬂﬂ
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Hy CH,

CO0R’ COOCH,
ROH
oH CH, 0OCH, OH
HO CH,
R = H ; Atranorin 5 R = H ; Hematommic ester Methyl ester of
R = Cl ; Chloroatranorin @ B : Chlorchematommic ester B orcinol carboxylic

acid

R = H ; Atanol

R = CL ; Chloro" amn jhematommic acid

.'y:'. ’ - 7..‘?"‘
232 a:;'::h-_ _ 7

AL BN BRSHE Gow o wnsse pari

decomposition in me herbarium. Forgexample; praducts detected, by TLC after thermal

secomposp 4 KGYRTH g 15) 4 &}ﬂoﬁa&h 1) in thll of

H}pafrach}mu partita are shown in Figure 8.
After thermal decomposition, in addition to atranorin (5), anziaic acid
(10), and a trace of perlatolic acid (11), the collection contained substantial amounts of

anziol (12), a new depside proven to be decarboxylated anziaic acid, olivetolcarboxylic acid
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(13), and olivetol (15) in addition to traces of 4-O-methylolivetolcarboxylic acid (14) and
O-methyl olivetol (16) (Culberson et al, 1977).

N OH

CSH" " | ! : e !
C0.0 ‘ gas Q 0.0
[, £2¥, %= ‘\\? .
RO OH ‘ ;"-f g‘“: \ CsHy,
R = H : Anziaic acid ~1( re : Anziol 12
R = CH, : Perlatolic am:t 1 ‘i’-éﬁ R'= CH,

HO r'fm

A | H0

i OH
b “-m ‘ R
T T+
sHyy
f umwwwq AT 2o s
R = CH, ;
@smethylolivetol 16

’QW’]MT]‘JWN%&TN]H’]&H

Figure 8 Thermal degradation of depsides
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2.4 Biosynthesis

Lichen are known to produce several phenolic compounds, such as depsides,
depsidones, and anthraquinones, which show a systtemic structural interrelation suggestin
that they are occuring by a mutual biogenetic scheme as acetate-malonate pathway (Shibata,

1965).

acetate is a mutual preelir ~ . formate is incorporated only into
atranorin and chloroatras®ri Ve, es as a Cj-fragment to form CHj
and CHO groupings. Th iC gt 1S -- ed to suggest the C-fragment
incorporation occurs prior - . fon e .’ at ﬁng.

and 4 moles of malonate in orsellinic

acid in Penicillium sp. has be iah) ‘. osbach,1960 and by Bentley and Keil,
,Eﬂ

1962. The present expefiment has revealed that this'sch “i be extened to the depsides
;- : e )
in lichens. The co-occuene ﬂ'!- depside in the same lichen as has

L

ha cned in the case woul he noted from bmge:rte.tmal wew point.
PP

ﬂUEl’JVlWI‘ﬁWEI’]ﬂ‘E
’Q"Wﬂﬂ\ﬂﬂ‘im AN Y
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CH,COSCoA H,
3 =GﬁUﬂH COOH
—l
/
N
COSCoA R = CHO or CH,
B -orcinol

2.5 Synthesis

Lichen depsides have . Seel esized by making use of two reagents ,
é:i"—;j—‘ﬁ'ﬁ ﬁ“ ydride. The use of DCC for
the condensation of a -"I XY  alcohol with organic acids was
first tested with simple exain les. The reactmn was carried out by taking equimolecular

quantities of the cﬁ%’}m W %%ﬁ'ﬁﬁﬂf})@l}ﬂ benzoate was obtained

only in poor p- mt%phenyl benzoate ip good y:eld with the appmwte alcohols. Among
oot R VPG T ML b s

Bourne ef al (1949) reported the use of trifluoroacetic anhydride for the
preparation of phenolic as well as alcoholic esters of both aliphatic and aromatic carboxylic
acids and as the reagent may also be used as a solvent, it enables the components to react

directly under mild conditions. While preparing depsides using this reagent, Brown er a/
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(1960) reported the preparation by this method of a depside intermediate, needed in the
synthesis of diploicin. Taub et al (1963) have subsequently used it for the condensation of
acids with phenols to yield ketones and they have reported the formation of esters as by-
products. Excess of acid component has been avoided in order to simplify the purification

procedure and a slight excess of the anhydride used to dissolve the reactants completely.

s first examined by preparing phenyl
acid and phenol when the ester was
tommic acid (18) and methyl B-
orcinol carboxylate (19) in s of trifluroacetic anhydride and
purifying the reaction prod pure atranorin (5) was obtained in
satisfactory yield. The s d by its m.p. and mixed m.p. with
an authentic sample, colour f€ag 1933) to methyl nor-barbatate

(20) (Neelakantan et al, 196

CHO

e ﬂumwﬁmwmﬂﬁ
ammnim W INENEY

Figure 10 Synthesis of depsides
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3. Depsidones
3.1 History

Compounds belonging to the depsidone group have a seven-membered

and starts with the free pogiéT @i to .‘. arhor yls this was based on the analog of
numbering in xanthones. B€Caust OF he-extra bxygen bridge, depsidones, unlike depsides,
do not yield two aromal only a hydroxydiphenyl ether

carboxylic acid derivative (1

Vi

(1 soven-merihed st
‘o LV
A quﬂgnwﬂﬂghmnﬂgnioup of depsidones have
been isolated, heir str : ﬁi a ilf tly, considered to be
uhtainahlzq:m tﬁcﬁﬁﬁ ayhm}‘lj:a?gpmdums of mold

metabolism (e.g. nidulin from Aspergillius nidulans). Like depsides, depsidones also exhibit

|

diphenyl i er carboxylic acid derivative

a number of variations in the structures and may be classified into orcinol, B-orcinol and
mixed derivatives. Four of the lichen depsidones, viz., pannarin, diploicin, gangaleoidin and

vicanicin also contain chlorine (Neelakantan, 1960).
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3.2 Chemistry

The depsidones have a lactone ring in the A-part of the molecule. The
lactone structure is tautomeric with the O-aldehyde carboxylic acid structure and hence two

esters are possible : the ‘W-ester and the normal ester, as demonstrated for the first time by

. : ‘ r,"
33.1 Hxﬂlmm s
‘a ‘ o _
P I RLA YD ELIL A EL D) B s s
by Hune | ﬁgmﬁﬁnm mﬁ ethanol a mixture
from whichgt was po ﬁlbl o isolate §'-0O-methylstictic acid™(2) identical with methylstictic

acid. On treatment of (2) with acetic anhydride/pyridine 2'-O-acetyl-8'-O-methylstictic
acid(4) was formed while reaction of 3 with acetic anhydride/sulfuric acid gave a compound
identical with 9,9,2',8'-tetra-O-acetylstictic acid (5). Methylation of stictic acid with methyl

iodide and silver oxide in acetone yield 2',8'-di-O-methylstictic acid (6) in agreement with



58

the work of Curd and Robertson (1935). Methylation of norstictic acid with dimethyl
sulphate and potassium carbonate in dimethylformamide gave 2'-O-methylstictic acid(7).
Acetylation of the 8-OH group, as shown in the case of
pentaacetylnorstictic acid, shifted the signal of the 8-proton in the NMR spectrum to 7.85
ppm. The TH-NMR spectrum of (4) does not show a signal in this region, which proved
\\ |
Heating w..,‘& It Eave 8'-O-ethylstictic acid (8) which
was acetylated by acetic anfiVaTide/pyridide t ws-ﬂ-ﬂhﬂmcﬂc acid (9) and by
acetic anhydride/sulfuric agl G t\
of 8 with dimethyl sulpha: P / \ ,» dimethy -tm'namlde gave 2'-O-methy]-8'-

that methlation had occured at the 8

Jngthy Istictic acid (10). Methylation

O-ethylstictic acid(11).

The reg€tigh gf rorstiofie acidy( vith methanol and ethanol. Boiling

(15) with methanol yielded 880 nors {etieacid (16) which was acetylated with acetic
. ‘,ﬁ A
anhydride/pyridine to 4,2'-Q :r-tf,,v;' O-m orstictic acid (17) and with acetic

anhydride/sulphuric acid to 4.9.9.2 r{"" . D—methylnurstictic acid (18). From the

mother liquor of (15) afier saturation with hy __“__“‘ the diphenylether (19) was
Al ki LR L :
isolated; it gave a red -1-'-, ‘t'a g the presence of two free,

metahydroxyl groups. On acetyla.tmn with acet:c anhydride/pyridine (19) gave the triacetate

(20). Prolonged ﬁﬁﬂwwtﬁw Hqcﬂ ﬂr& the diphenylether (21).

The 'H NMR sp%tmm of {21]5huwed a Slgl'lll] at  2.54 which cunespnnded to the
““""‘“““’Q‘W*r’ﬁ'ﬂ‘ﬂ‘im e ERGE

The results of the experiments demonstrate that depsidones which a
lactone ring react with hot alcohols and consequently extraction of lichens with alcohols or
solvents contained with alcohols (e.g. CHCl3) should be avoided (Huneck and Tabacchi, .
1987).



Table 7 Depsidones found in Usneaceae
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CHs CH,R'
C0.0 OH

RO 0
CHO B

Salazinic aéid

Stictic acid

ARSI RN NN o,
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CH, H;
e 0.0
—_—
0 0
HsCO 0 i HyCO 0 . I}
H
o OCH,4
22 R=H 30
31 R =CH,
H3
C0.0 OR
0
0
H 0
OCH,Me
R=H
H,Co R = Ac
R = Me

26 R =
28 R = Act

Me fe

CO0.0 OAc

H,;CO o

‘J'W BANT A oo
Q»W’Wﬁ@ﬂ‘ifuilﬁﬂ’aﬂmﬁﬂ

ﬂ%

29

Figure 11 Alcoholysis of depsidones
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