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" A new series of anacardic compounds from cashewnut shell liquid phenol, anacardol,
have been synthesised and screened for antibacterial and antifungal activity. All the anacardic
compounds have been found active against 8. Typhose in dilutions varying from 1: 10,000 to
1 : 1,000,000. The only compound found active against A. Niger .is chloro-mercuri-tetra-
hydroanacardol.

Long chain m-alkenylphenols of the type anacardol (IA) and anacardic acid (IB)
possess high bactericidal activity!2. They are derived from cashewnut shell liquid (CNSL)
anacardiaceae®. The oil itself possesses bactericidal, fungicidal and pesticidal activity4S.
The hydrogenated cashewnut shell liquid is & co-solvent for rotenone insecticides?. Chlori-
nated oil is & pesticide containing predominantly pentachloroanacardol. It is alsc used for
the control of termites in wood8. Quarternary nitrogen compounds derived from tetrahydro-
anacardol (I A) are powerful germicides?.

Anacardol has been shown to be active against staphylococus aureus in dilutions of
1: 200,000 to 1 : 2,000,0600. Anacardic acid and its sodium salts are also shown to be active
in similar dilutions. The pheno] co-efficient of disodium anacardate is reportedtobe 1-07
and 40 against salmonella typhosa and staphylococus aureus respectivelyl®. By virtue of the
long carbon chain, it possesses good surface activity and hence it is a bacteriostatic sur-
factant too. Quarternary nitrogen compounds from tetrahydroanacardol are, in general,
water soluble and hence exhibit bacteriostatic activity in dilutions around 1 : 2,000,000.
Nitrated anacardols have been reported to be fungicides!’. This communication reports
the synthesis of a new series of anacardic compounds and their antibacterial and anti-
fungal activity.

SYNTHESIS OF ANACARDIC COMPOUNDS

The compounds are synthesised according to the scheme shown in Chart 1. Tetrahy-
droanacardoxyacetic acid (I1I) was prepared according to the procedure. of Gandhi &
Venkataraman?® with slight modifications. It. exhibits IR bandsat 3350 cm—! (bydroxyl),
1750 cm-! (acid carbonyl) 1500-1600 cm—! (benzenoid). Esterification of this with metha~
nolic hydrogen chloride furnished the methyl ester (IV). Ethanolic hydrogen chloride con-
verted tetrahydro-anacardoxyacetic acid into its ethyl ester (V) which displays IR bands
at 3500 cm—! (overtone of cargonyl), 1750 em—1{ester carbonyl), 1575-1600 cm—"! (benzeno-
id). Reduction of ethyl tetrahydroanacardoxyacetate with lithium aluminium hydride in
ether afforded tetrahydro-anacardoxyethanol (VI), possessing IR absorption at 3700, 3400
cm—!(hydrexyl), 1575-1600 cm—(bengenoid). Three moles of this alcohol and one mole
of phosphorous trichloride ccmbined to give tris—(2-tetrahydro anacardoxyethyl)
phosphite (VII). Tetrahydroanacardgl similarly furnished tris-tetrahydroanacardoxy
phosphite (VILI). Chlcromercuration of tetrahydroanacardol under similar conditions as
reported inthe case of phenol®2 resulted in chloromercuric—tetrahydroanacardol (XIV)
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In analogy with the above, the position of— HgC’l was pmumed to be ortho on the less
hindered side cf the hydroxyl group. 4-Nitre-b- penta.decyl phenol (XII) and 3, 4-dinitro
5-pentadecyl phenol (XIII) were prepared by the usual nitration of tetrahydroanacardol
The physical and chemical properties of these anacardic compounds are recorded in
Table 1.

EXPERIML‘NTAL I’ROCEDURE

Tﬁtmkydroanacardoxymetw ‘acid (IT1)—A homogeneous mixture of tetrahydroanacar-
dol (3-0 gm), potassium hydroxide (1-32gm), water (2 ml), ethanol (6 ml), and chloroacetic
acid (0-95gm)awas refluxed on a steam bath for 4 hours. Towards the end, alcohol was dis-
tilled off, the residue acidified with diluted hydrochloric acid and extracted with ether.
The sodium salt of tetrahydroanacardoxyacetic acid was thrown out on shaking the ether
extract with 2 per cent aqueous sodium carbonate. It was co]]ected at the pump on
Whatman 41 filter paper, suspended in water (100 ml) and acidified with dil. hydrochloric
acid:

Methyl tetrahydroanacardoxyacetate (IV)—The above acid (0-45gm ).and saturated methano™
lic hydrogen chloride (50 ml) were refluxed on a steam bath for 4 hours. At the end,
methanol was flashed off and water (50 ml) added. The mixture was saturated with sodium
chloride and products taken in ether. Removal of the acid by extraction with 2 per cent
sodium carbonate followed by distillation of solvent afforded methyl tetrahydroanacar-
doxyacatate as a viscous liquid. It formed long pale yellow needles from methanol.
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PHYSICAL PROPERTIES OF ANACARDIC COMPOUNDS

B Solvent of Elemental Analysi
Compound Yild MP  orystallisa- M Infrared
. tion Caleulated ' .  Found {oms™!
%)  °c ou bands (cms™ )
) C H P c H P
Tetrahydroanacardoxyacetic acid

(III) » 86 101—2  othanol 76:25 10-50 .. 76:23 10-61 .. 3350 (hydroxyl)

. 1750 (acid

.carbonyl)

1600 (benzen.
oidj

Methyl tetrahydroanacardoxy acetate
(IV) . ) 90 42—44 mothanol 76:60.10-64 .. 76-21 10-62 ...

Ethyl tetrahydroanacardoxy acetate S
V) .- 86 3436 methanol -76-91 10:76 .. 76+56 10+72 . .. 3500 (cari)ony

overtone)
1750  (ester
carbonyl)
1575--1600
. : . - (benzenoid)
Tetrahydroanacardoxy-enthanol (VI) 70 49 methanol 7930 11.49 .. 7890 11-24 .. 3700, 3375‘
' (hydroxyl)
15751600
(benzendid)
" Tris—(2—tetrahydro-anacardoxye-
thyl)—Phosphite (VII) 84 43 Petroleum . .. 2-89 .o e 2425
ether b
Tris—tetrahydro-anacardoxy - ) )
phosphite (VIII) -~ - - 95 32 Petroluem . . 3440 . o 3:76 0 -
- ether _ . | . i
4-Nitro—5—pentadecylphenol
(XII) B 30 34 ethanol . e e T, .
3,  4—Dinitro—5—pentadecylphenol
(XIII) . 40 63 Petroleum .. .. . . .. .. .

ether

Chloromercurictetrahydroanacardol

(XIV) 55 38—41 *Water A Y

-

Ethyl tetrahydroanacardozyocetate (V)—This was prepared - from tetrachloroanada;r—
doxyacetic acid in a similar manner as described above using ethanolic hydrogen chloride
as long pale yellow needles from methanol.

Tetrahydroanacardowyethanol — (V1)—Ethyl tetra-hyrdoanacardoxyacetate (1-0 gm) in
dry ether (10 ml) was slowly added to a slurry of lithium aluminium hydride (0-200 gm) in
dry ether (10 ml) at 16°C. The mixture was thoroughly stirred for 30 minutes and left
ovérnight. Excess lithiium aluminium hydride was destroyed with ethyl acstate and the

complex was decomposed with 10 per cent solution of Rochelle’s salt. Ths product from -

ether was recovered after distillation to afford long colourless needles frém methanol,

o



. .

184‘ ‘ Das. SOI: 3., ‘idn.‘i(i., Jory 1068 .
. - Tabin 2

BACTERIOSTATIC AND FUNGISTATIC ACTIVITY QF ANACARDIO COMPOUNDS

Bacteriostatic Activity  Fungistatic Activity

Diameter of

COmpéuml Nomenclature " Active Dilution Phenol zone of
No. i . againstSalmonella coefficient Inhibition
typhosa of Aspergillus
Nigeron Sab
orands
Aga? media
1A .- Tetrahydroanacardol - 1:1,000,000 . Nil
ILB  Tetrahydroanacardic acid © 7 1:1,000,000 '
I Tetrahydroanacarddxyacetio acid 1:1,000,000 ..
v Methyl Atetrahydrcv)anacardoxyaceate' - 1: 1,000,000 : . , .
delayed growth
observed

in 1:10,000

v ' Ethyl tetrahydroanacardoxyacetate 1:1,000,000 . o
vi Tétrahydioa.na;mrdéxyethénol ‘ 1: 1,000,000 .. e
VIL - Trig—(2—tetrahydroanacardoxyethyl)— 1 :100,000 . - e
phosphite o
VIII- Tris—totrahydroanacardoxy phosphite 1 :100,000 . S [
IX Potassium salt of ITA .. ' Determination
' L S ‘ difficult due to
sparing water
solubility.
X - Potassiom salt of TIB - o ' 1-01 SR
XI _ Potassium salf of IIT . 4-20 '
X11 4——Nitro-5-pentadecy1phenol 1: 100,000 g Ve e
XIII. 8, A—Dinitro—5—Pentadecylphenol ~ 1:1,000,000
-X1V {hloremercuri ctetrahydroanacardol 1:1,000,000 e 6 om
b:4' Control (Acetone) . . . Complete growth - o L oael
. VXVi[. Standard. (Mercapto-benzothiazole)’ ) . 2 cm

;’I’-risf—2~—tetmhyd'roanacardoa'/yethyb—pkosphite (VII)—Phosphorous- trichloride .(0-05 ml)
in benzene (10 ml) was slowly added to a mixture of tetrahydroanacardoxyethanol
(0-bgm) and pyridine (0-15 ml) at 16°C. The contents were shaken for 30 minutes and left
" over-nigbt. The pyridine hydrochloride was formed; it was filtered and the solvent distilled

off. The tesidve was taken in xylene (20 ml) and refluxed over sodum (0°5 gm). The
" solution was cooled, filtered and distillation of xylene afforded the pale brown phosphite

_ester.
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Tris-tetrahydroanacardoxy phosphite (VIII)—This was prepared from tetrahydroana-
cardol (1-0 gm) in a similar manner as described above. It is a pale brown sclid.

Chloromercuric tetrahydroanacardol (XIV)—DMercuric acetate (1:0 gm) was slowly added
to tetrahydroanacardol (1-54 gm) at 170°C and the clear solution was poured into hot
water. The mixture was boiled for 5 minutes and filtered. The filtrate was again brought
to boiling, treated with sodium chloride (0-20 gm), filtered, and on cooling afforded colour-
less crystals of chloromercuric tetrahydroanacardol.

ANTIBACTERIAL ACTIVITY

Serial dilution meéthod3—The  substances (ITA-XIV) were dissolved in acetone or
water depending on their solubility. 1 ml ef 1 : 100; 1 : 1,000; 1 : 10,000; 1 : 100,000 and
1:1,000,000 dilution of each was added aseptically to 9 ml of sterile nutrient broth
(peptone 10gn, baef extract 10gm and sodium: chloride 5g in one litre distilled water; pH 7-2-—
7-4 after a.utocla,vmg) The tubss were then inoculated with 24 hour broth culture of
salmonella typhosa and incubated at 37°C for 48 hours. These were then subcultured into
fresh nutrient broth and incubated for 24 hours at 37°C and ohserved for growth. A cotrol
test with 1 ml of acetone (solvent for the compounds) was also carried out simultaneously.

Determination of phenol co-efficients®—The phenol coefficients of compounds X and
XI were determined by the well known Riedel-Walkar method using a culture of Salmo-
nelle typhosa.

ANTIFUNGAL ACTIVITY®

~ Sterile Sabouraud’s agar medium (dextrose, agar, peptone, 40:20: 10 dissolved in

1 litre, pH 5-2—5-6 after autoclaving) was melted and cooled to 45°C and poured asepti~
cally into sterile 9 cm petri dishes. After the agar hardened, the entire surface of each plate
was inoculated with Aspergllus Niger by means of a dry sterile cotton swab. At the centre of
the plate a circular hole (1 cm dia) was cut and a few drops of 10 per cent solution of the
test sample in alcohol were filled into it. The plates were then incubated for 5 days at
room temperature (27—30°C); a clear zone of inhibition around the circular hole indicated
the effectiveness of the antifungal compound. In Table 2 are given the results of antibae-
terial and antifungal activity of the various compounds tested.

RESULTS AND DISOCUSSION

As seen from Table 2, all the anacardic compounds have shown considerable anti-
bacterial activity even in dilutions as low as 1 : 1, 000,000. The determination of phenoi
coefficients of sodium salts of compounds I, II and III preserted considerable difficulty
due to their sparingly soluble nature in water; however, the potassium salts, viz. compounds
X and XI, being completely water soluble, Facilitated the determination of phenol coeffi-
cients. The phenol coefficient of compound IX, although a potassium salt, could not be
determined as it is sparingly soluble in water. The high phenol coefficient of compound XI,
as compared to compound X may be attributed to the presence of anacardoxyacetic acid
moiety in its structure.

With the exception of compound XIV, all the anacardic compounds listed above,
failed to show antifungal activity against 4. Niger. The high antifungal activity exhibited
by compund XIV (Zone of inhibition 6 cm, as compared to 2 cm in the case of standard)
could be atiributed to the presence of chlorma and mercury in i‘s structure.
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