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ABSTRACT

Mannich bases from dimethylamine, formaldehyde and phenol,
n-cresol, eugenol, p-tert-pentylphenol, p-tert-butylphenol,
p-iso-propylphenol, 3,l,5-trimethylphenocl, resorcinol, 3=-pantadecylphenol
and the component phenols of cashew nut shell liquid (CNSL) have been
prepared. Mannich bases have also been prepared from methylamine,
formaldehjrde with phenol and with m-cresol, from diethylenetriamine,

formaldehyde and phenol, m-cresol, resorcinol, 3-pentadecylphenol and

the component phenols of CNSL, All the Mannich bases were examined by

1H nuclear magnetic resonance, infra-red spectroscopy and by T.L.C.

The coloured products formed from autoxidation of resorcinol,

orcinol and hydroxy-f-orcinol in presence of ammonia, methylamine and

dimethylamine were isolated by column chramatography and preparative

1

TIC and examined by 'H NMR,I.R,U.V. and mass spectroscopy. Structures

of some of the products have been proposed based on chemical and

spectroscopic evidence.

A new technique for the separation of cardanol and cardol in

cashew nut shell liquid by extractive distillation using bases has

been devised.
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INTRODUCTION

1. MANNICH REACTION

The Mannich reaction consists in the condensation of ammonia,
or a primary or secondary amine with an aldehyds, usually
formaldehyde, and a compound containing at least one hydrogen of
pronounced reactivity. The essential feature of the reaction is the

replacement of the active hydrogen atom by an aminomethyl or a

subtituted aminomethyl group. The reaction may be illustrated by the
following equatioh:

! /
R,NH + HCHO +RH —=R,N-CH,-R"+H,0
The active hydrogen compound RVH is most frequently a ketons, an

aldehyds, an acid, an acetylene, an ester, a phenol and recently

work has been carried out with nitroalkanesl.

The essential information on the subject of Mannich reactions
has been reviewed by F.F. Blicke2 and also in a monograph by
B. Reichart.3 . Saveral recent ::'eviews"l by wvarious workers have
smmnarized the reaction in relation to medicinal chemistry.

The first observatlion of a condensation of the type now known
as the Mannich reaction was made by Tc:vlil.ens5 0 and later by

Petrenko =- Kritschenko7 and his students but they failed to recognise
the reaction as a general one. The detailed study by Mannich begun

in 1917, was initiated by the cbservation that antipyrine salicylate,

formaldehyde and ammonium chloride reacted to form a tertiary aminea.

f H
Ctls GHa i3 O
3 CeHeNT T+ 30,0 +NH,C <Gl
~+3CHO + N
O 0



la. Scope of the Mannich Reaction
Use of Ammonia

A primary amine is the first product to be expected from a
Mammich reaction in which ammonia or an ammonium salt and formaldehyde
react with a compound containing an active hydrogen atom. With

simple compounds subsequent reaction of the primary amine so formed
usually leads to the rroduction of tertiary amines, thus for example

acetophenone, formaldehyde and ammonia give tris (B~ benzoylethyl)-

amine9.

Use of Primﬂ' Amine

Various primary amines2

or thelir salts have been successfully
used in the Mannich condensation.

When a primary amine or its salt is used in a Mannich reaction
the first product is a secondary amine, btut this often reacts with
more of the reagents to give a tertiary amine. Frequently such
products derived from two molecules of formaldehyde, two molecules

of ketone and one molecule of primary amine, are unstable and
readily undergo cyclisation. The compounds obtained from acetone,

formaldehyde and methylamine are illustrat ed:} 0

2 CH,COCH, +2HCHO+ CHNH, HCl ——
AR A
CHLCOC CHy CH,COCH NGH
A T | *
SRR ey H2C M2
/ ./
“H3 HCl CH, HCL



Aliphatic ketones and primary amines as well as phenols and primary
amines usually give rise to a mixture of products, as illustrated

in the previous example, depending on the molar ratio of the

reactants used.

Use of Secondary Amina.
A vast number of secondary amines have been successfully used
including the cyclic and the aromatic amines. However,

dicyclohemlaminell and ’(;et:lc':;mj,rdrocp.m:’n.nol:i.nelz’13 are said not to take
part in the reaction.

Ihe reactions of secondary amines with ketones, aldehydes, acids,
esters and phenols are less complicated and usually give pure
products in good yield.
1b. Mamnich Reaction with FPhenols

The o-and p-hydrogens in phenols are sufficiently active to
enter into the Mannich reaction. Thus, products from phenol”""‘15 16
h-acetaminophenolm, . 0= and ];a-cresols15 3 m—c::'esol16 y 3,5=dimethyl-
phenol”, 2-methyl-h-ethy1phenol15 y 2= and h-metho:qphenol18 3
[3-naph1:,holl8 as well as other numerous phen01519 with various amines
have been reported. Mannich reactions with a variety of phenols

bearing long chains have been carried ocut although the work has not

20

been reported " and led to the present programe of work.

Bruson and MacMuJJ.en16 found that an excess of formaldehyde
(at least three moles) reacted with phenol and m- cresol in presence
of at least three moles of strongly basic, non=aromatic secondary

amines 0 form phenolic tri-amines. Dimethylamine, for example, gave
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an almost quantitative yield of 2,L,6, tris- (dimethylaminomethyl ) -

phenol fram phenol and 2,4,6, tris- (dimethylaminomethyl)-m-cresol

from m-cresol.

Before 1949 andogws studies involving primary amine rather
thaﬁ secondary aliphatic amine appear to have been limited to the
use of 2-aminoethanol®. Reaction of equimolar quantities of this

amine with formaldehyde and certain o- or p- substituted phenols

resulted in crystalline compounds having o- or p-
hydroxyethylaminomethyl groups. Other phenols such as the three

cresds gave resins which could not bte purified.

The Mannich reaction of phenols with primary amines was studied

23

ee and Burke, Smith and Weatherbee ~ .

in greater details by Burke
They isolated three different pro&ucts depending on the molar ratio

of the reactants used. A scheme showing the formation of the three
prodqucts, N-alkyl-3,Lh-dihydro-1l,3,2H-benzoxazines (I),
2~-alkylaminomethylphenols (II), and N,N,=-bis-(2-hydroxybenzyl)-
alkylamines (III) is outlined below:-

a
OH
2HCHO
RNH
h Z
O
<
YA
N/
A Q
AN OH
f‘in _GH,0
N HL, O |
b ﬁ/ SR 3 b CH,NHR

-



A ol
OH HO
g
| ‘ [1]
H N CHZTCH'Z h
R

RNH, = benzyl, cyclohexyl, or methylamine
a= CHy , C(CH3 )y, or Cl

b=CHy or C(CHz)j,
Moehrle and Guscwskizh isolated the naphthoxazine (IV) from the

reaction of 2-naphthol with hexamethylenetetramine.

1V

Similar products (V) and (VI) have also been isolated by Km:'ft.a]:cc:ase25

from the reaction of dihydromaphthalene, formaldehyde and primary

and secondary amines.

CHyNRy
-O0H
HO -
H,NR.,

V
NRZ = piperidino or
morpholino

R = Ph or PhCHz
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The condensation of eugenol with formaldehyde and various amines
has been ‘reporte‘d to give 2-alkylaminomethyleugenols and

iminodimethylene-bis(eugenols )26 .

l1c. Mechanisms of Mannich Reaction

A great deal of work has been carried out on the kinetic aspects

of the Mannich reaction and several workers have proposed

27-35

mechanisms . The mechanism has also been the subject of a

review by Thompson36. Only a brief historical development will be

presented here.
From their investigation of the Mannich reaction of antipyrine
with dimethylamine and formaldehyde, Bodendorf and Koralewski®?

concluded that nelther the condensation of the formaldehyde with
the amine nor with the active hydrogen compound to yield ths

corresponding methylols represented the true course of the reaction

Lieberman and Wagner3 3

presented an attractive mechanism
involving the formation of the carbonium ion, RJI=CH2, from the
amine and farmaldehyde and also the formation of a carbanion, R,
by the removal of a proton from the active hydrogen compound. The
final, essentially irreversible step was the combination of thse
carbonium ion and carbanion to yield the Mannich base. Formation

of the anlon was promoted by the base present or by added alkali
or both. The suggested reaction scheme showing the course of the

Mamich reaction is outlined below:-



(R)ZNH HCHO o, _,(':_H
1 b .
(R)zNCHon (R )_éNCHzN(R)z
HP| |-H®
O
l
[(R)zNHCHzN(R)zlo {- C] o+ H@
* H@ -H@ 1
H © ®
(R)ZNCHZOH - Hzo (R)zN E‘CHZ
(R)»N CHzOH'Z (R)zg:-CHz
|
(R)zN CH2C|:"'

Alexander and Underhillsh carried out a kinetic study on the
Marmich reaction involving dimethylamine, formaldehyde and
ethylmalonic acid in acidic medium. Their experiments showed third -
order k_‘iﬁetics with no primary salt effect. This was at variance
with the mechanism of Lieberman and Wagner which in postulating
the final rate-controlling step as the reaction between the two

ions should show a primary salt effect. Alexander and Underhillt!s



proposed reaction scheme is outlined below:-

HCHO + (CH3)oNH — (CH3),NCH,OH
K 5@ s
CHa}NCH0  +  HA T==5=== (CH3);NCH7-0 - HA
H H
COOH _ COOH o
H— C C’-—"‘O ————  c=C <
| “OH | OH
C2Hs Cabs
COOH COOH -
L_c—OH K, _OH
(CH3)2NCH2—O----HA + C""C (CH3)2NCH2C—
TOH “OH
: | CoHs g
+ HoO ¥ Ae
COOH o
008 . COOH s
(CH3)2NCH2—(lI—C ~ + A — (CHB)ZNCHZCI:"C
OH “CH
Cois CoHs5

30
Curmings and Shelton studied the kinetics of the reaction

between cyclohexanone, farmaldehyde and dimethylamine under acidic
and basic conditions. The base-catalysed reaction was thought to

involve the.reaction of a carbanion, derived fram the active

hydrogen compound with the"aminometihylol!" by an SN2 mechanism

the reaction in acld media was said to involve the carbonium ion

(derived from the aminomethylol) with the active hydrogen compound.




The rate in acidic medium was found to be slower than that far

the reaction in basic media and also was independent of pH at low

Hellman and Opitzz9’37'hl

, in a series of comprehensive studies
proved that N_-lvdro:qrmetrwlamine, N-methoxymethylamine and
methylenediaird.ne could all be formed in the course of the Mannich
reaction depending upon the conditions employed. Since the highest
yields were obtained when one of these materials wes added to a
mixture of excess aqueous acid and the acidic or lablile hydrogen
compound, a method which gives the highest concentration of the
amiﬁometl*vl carbonium ion ’b,2 it was concluded that this ion was the
active aminoalkylating agent.

Burckhalter and cc:\-p»rc::rke:::-s27"35 have studied the mechanism of
the Mannich reaction on phenols with emphasis on the observed
preponderance of ortho. substitution.

In the mechanistic and kinetic studies carried ocut in basic
media by Burckhalter and co-workers, the rate of condensation of
formaldehyde and morpholine with 2,Li-dimethylphenol was controlled
by the formaldehyde 1f its concentration was less than half the
morpholine coﬁcentration. Conversely, the morpholine concentration
wag critical if it was less than twice the formaldehyds.

concentration. These data suggested the participation of methylene-
bis-(N-morpholine) as an intermediate. A pure sample of this
compound gave data kinetically indistinguishable from those of the
formaldehyds and morpholine mixture. Calorimetric data by

Fernandez and 'Butleth also supported a methylene-bis-(amine)
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-intermediate.
Burckhalter and co-workers suggested that ortho-substitution

predominates in aminomethylation of phenols because of hydrogen bond

participation. The process was visualized as in the scheme below:-

o/H
H,,C b
S H T
H\O
E1,N—CH, o

A maximum rate was observed between pH 9.6 and 10.2 which.

supported the concept of a methylene-bis(amine) as the most

likely Intermediate under basic conditions.
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2. THE CASHEW NUT AND CNSL
%a.The Cashew Nut Occurrence
The cashew mut is the fruit of the tree named Anarcardium

occidentals. The fruit occurs as a kidney shaped structure, 2-L4 cm

long attached to the end of a large penduncle known as the cashew
apple. The rut.- consists of an inner ivory coloured kernal covered
by a thin brown testa and enclosed by an outer brown shell. The
kernals, after removal of the testa, are either consumed directly
mainiy as roasted andsalted muts, or in confectionary and bakery
products.

The -cashew nut shell is approximately 0.3 cm thick and consists of

three distinct layers, a coriaceous epicarp, spongy mesocarp and

stoney endocarp. The thickest layer is the spongy mesocarp which

contains a viscous reddish brown oil known as cashew nut shell

Iiquid (CNSL). The oil is present to the extent of approximately

LL
20% of the total raw nut weight.

The cashew nut tree was originally a native of Brazil but they
are now also found in Mozambique, Kenya, Tanzania and India. At

present Mozambique is the largest producer of cashew muts followed
by Brazil.

2b. CNSL - Extraction

Of the 20% by weight of CNSL present in raw cashew muts, only
about 30 to 50% of the total CNSL present in the shells is

extracted, depending on the method used.

CISL was orlginally obtained as a by-product during isolation
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' of the kernel by roasting the raw nut in an open pan or perforated
drum. Most. of the CNSL is now extracted by the "hot oil bath" process
whereby raw muts are heated in a bath of CNSL at 180 - 1900 whilst
travelling on a conveyor belt moving at approximately 3cm/min.
The shells lose some of the CNSL present which supplements that in
the oil bath, whilst simultaneously becoming brittle thus
facilitating shell:‘i.ngl...JS

The CNSL is decarboxylated during the heating process through
the c‘on_version of the major camponent, anacardic acid, to cardanol.
The resulting decarboxylated CNSL is termed "technlcal CNSLY.

A similar U.S. patented method, not generally used, employs
molten solder as the heating veh:l.clelf6

A solvent extractic?n process is used commercizlly in Brazil but
elsewhere there are only two plants, both in Mozambique. The
"natural CNSL obtained by thlis process is considered inferior to
the "technical" grade obtained by hot extraction since for most
industrial purposes natural CNSL must be heated to convert anacardic
acld to cardanol before it may be polymerised. A further
dlsadvantage of the extraction of CNSL using the cold method is the

hi_gher capital outlay required than that in the hot extraction
method.

90% of all CNSL produced is exported to three countries. The

U.S.A. imports 50% of the total, followed by Japan and then the U.K.
Other importers include Australia, South Korea, France and Italy.
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2¢. Structure of the component phenols from CNSL

Natural CNSL from one source has the followling composition.l.ﬂ
~ HO CO,H
Anacardic acid - 71.7%
c:15H31-n

| HO

Cardol - 18.7%
' Ci5H31-n
a | ' HO

Cardanol - l1.7%

Ci5M31-n

H@
| . HO
2-Mathyl cardol 2.7%
H3(:@‘(:15HB‘I-n
HO

In all cases n=0 , 2,4, and 6. Other minor components amount
to approximately 2.1%.
N.B. There is arsma]_'l. difference in ctompc:as:i.’c.ic:nha of natural CNSL
| depending on its sourcs.
| In technical CNSL most of the anacardic acid has been
decarboxylated to cardanol and the cardanol concentration is
approximately 75% in the former.



The structure of the component phenols of natural and technical
CNSL has been deduced after work carried ocut by many workers over a

long time, dating back to 18L7.
In 1847 St"'.:-i"d.eil.exl'J9 isolated an acidic fraction which he named

anacardic acid comprising 90% of the total and the remainder which

he named cardol was phenolic in character. He assigned empirical
formmilae and molecular weights to both Ycompounds" but these wers
mich higher than the true figures for anacardic acid and cardol.
Forty years later Ruhrmann and Skinnerso repeated Stadeleris
investigation and postulated the formula C22H3»03 for anacardic acid.
This was actually the correct formula for anacardic acid diene. The

same workers also correctly suggested that anacardic acid was a

hydroxycarboxylic acid. |

51,52

A few years later the work of Spiegel etzal on the

constitution of cardol was published. They suggested that cardol was
a phenol but an incorrect formula - c3é}15003 H,20 was given .

In 1931, Smi‘t.53 came to the conclusion that anacardic acid was a
homologue of salicylic acid having a Cy. unsaturated side chain. He
correctly concluded this as a result of the oxidatlon degradation and
destructive distillation of anacardic acid and cardol before and after
hydrogenation. The position of the side chain was however not
establisl{ed.

Ten years later Backer and Haacléh synthesised saturated cardanol
and showed it t.o+be ldentical to the natural saturated product. The
structure of saturated anacardic acid was also established by

- oxidation of the dimethyl derivative to 3-methoxyphthalic acid.
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At about the same time Gokhale et 3155 published independent work
in which 2- and Li- pentadecylphenols were synthesised confirming the
structure of cardanol as deduced by Backer and Haack.

6
In 1940, Harvey and C:aplan5 isolated cardanol from technical CNSL

by vacuum distillation and wrongly concluded it to be mono unsaturated
compound with a Cig¢ side chain.

In 1945 Wasserman and Daws:::n57 isolated pure cardanol from CNSL
obtain'ed by solvent extraction and decarboxylationrather than vacuum
distiilation. The methyl ether was then oxidised with alkaline
permanganate to obtain 3-methoxybenzoic and palmitic acids, so
confirming the m-position of the pentadecadienyl side chain with
" respect to the hydroxyl group.

They also confirmed Backer and Haack'!s results on the length of
the side chain in cardan;al and later synthesised 5 -pentadecylr esorcinol
which was identical to saturated cardol. They further showed that the
cardol whether obtained from raw or heated CNSL is the same.

The positions of the centres of unsaturation in cardanol and

cardol were not determined till later but the following structures

were postulated for anacardic acid(vn), cardanol(vnl) and cardol
- (IX) from the available information.
OH OH  HO OH
COoH
CisHz7 Ci5Ho7 5Ho -
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Unsaturated components of CNSL
In 1949, Izzo0 and Dat'{sorxS 0 published some work which demonstrated

‘the hetro-olefinic nature of anacardic acid. They showed that it

consisted of a mono - and di-olefine and, they speculated, probably

a higher olefin .
In 1953 Symes and Dawsorﬁ 7 desceribed work which demonstrated the

rresence of a saturated component, a mono-, a di- and a tri-olefinic
component in cardanol. They showed this by carsful chromatographlic
and degradation studies on cardanoi methyl ether which enabled them to

give the following structures for the four constituents of cardanol.

OH saturated cardanol n=o
cardanol mono-ene n=2
cardanol di-ene n=l

C‘IS H31-n | | cardanol tri-ene n=b6

Positions of double bonds are 8' ; 8! and 11, 8%, 11t and 1t in the

monoene, diene, and triens.

Structure Elucidation by Physical Methods
By use of a milti-development thin layer chromatographic procedure

have separated, characterised and
quantitatively determined all the major coponents of CNSL.
The usual characterisation techniques were used for the eluted
bands from preparative TIC, including U.V4N.M.R. and I.R. spectroscopy.
More recent work has been carried out with an initial TIC
separation followed by mass spec’t,rt:.ame’r.ry*...65 Each of the constituents

of the component phenol, the saturated and the three unsaturated
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materials volatilise virtually to the same degree in the mass
spectrometer and so give peaks due to thelr parent ions in

proportion to their relative concentrations in the mixture. The four
parent ion peaks differ by 2 m/e units for each constituent and so

gach constituent can be determined by measurement of the peak height

of the respective parent ion.
6
GIC analysis of CNSL . has also proved feasible and useful for
determination of the phenols. By use of a relatively non-polar

stationary phase such as SE30 or SE52 all the major phenolic components

have been separated and determined. Use of a more polar stationary
rhase such as polyethylene glycol adipate (PEGA) has also proved

useful, although only if the phenols are first hydrogenated and then
converted to methyl, or silyl ethers.

Later experiments with GC/MS have shown that a total analysis
can be obtained without prior separation of component phenols.
Tlms, by use of a combination of all the preceding methods,

CNSL has been conclusively analysed both qualtitatively and

quantitatively and its composition is no longer in doubt.

26. Uses of CNSL

CNSL can be subjected to a variety of treatments including
polymerisation, treatment with aldehydes, etherification and
hydrogenation to give a wide range of products, which are of
considerable importance in many industries. Brake linings, clutch

facings, cements, oilstops and insulating varnishes represent some

of the major ones.
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Over 90% of the exports are processed into CNSL resins for use
as friction dust in brake lininggé’éyrﬁéeBGNSL is polymerised with or
without added synthetic phenolic monomers by heating in the presencs
of an acid. The resulting polymer is comminuted and added to an
asbestos filler. Alternatively the polymerisation may be carried out
in the presence of the other friction lining components which act as
binders. This particular application makes use of the thermoplastic
properties of cashew resins because the dusts soften and do not cross
1ink further or undergo chemical change at the friction surface and
the CNSL based lining show absence oftfade!. This property is
maintained up to approximately 1,00°F above which synthetic phenolic

resins have superior properties and for this reason the latter are
preferred in disc brake pads when such temperatures are often

encountered.

The reactlion between cashew polymers and formaldehyde to form a

- 66,67 ,68
rubbery gel is utilized in the preparation of cashew cements. s

The rubbery gel formed takes several days to harden but the hardening
time can be accelerated by the application of heat. The hardened
material has excellent adhesion properties for the bonding of

brickwork, steel and carbon blocks, and is resistant to both acidic
and alkaline conditions.

Resins produced by the co-condensation polymerisation of phenol,

formaldehyde and CNSL have excellent electrical properties, strong

chemlcal reslistance and high strength. These materials are used as

laminating and impregnating resins.

A range of polymers derived from CNSL is used in surface
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coatings. Certain of these specially refined polymers are used as

insulating varnishes, in which the CNSL polymer is usually
co~-polymerised with an etherified urea/formaldehyde resin. CNSL
coatings have only very limited decorative value because of their
characteristic brown colour, however work is being carried out to
obtain less coloured surface coating resins and progress has been
made in this area. The work described in thisdissertation has

contributed to this.

The demand far CNSL for use as a friction modifier may possibly
decline by perhaps 20% by 1980,69due to economic factors,the-
increased use of disc brakes and the use of new synthetic materials
with superlor propertiss.

The derr}and far CNSL may further drop due to the recent rapid

rise in price following the drop in output by East African sources

probably because of the political situation.

3, PROPOSED SCHEME OF WORK
The proposed scheme which led to the present work has been

concerned with three aspects:

(1) A study of the Mannich reaction with certain amines and readily
avallable long chain phenols, in particular those occuring in CNSL.
(11) Attempts to identify coloured by-products formed in the reaction.

(1ii) Experimentation to find ways of eliminating or lessening the
formation of such products in the Mannich reaction.

Si ) Mannich Reaction

Mannich reactions have been carried out with several different
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‘phenols to establish the best general conditions and the relationship

vetween structural factors and colour development in the

reaction.

A1l reactions were, from the coamencement, routinely monitored
by TLC to examine the rates of formation of products. All the

products or reaction mixtures were examined by 14 R and IR

spectroscopy.

(11) Naturs of Coloured Products in the Mannich Reaction

To define the conditions for formation of coloured materials,
the reaction conditions of the Mannich reaction were simplified. It
was possible £h3t all the reactants were involved or only two.
Accordingly, mixtures of phenol/formaldehyde, formaldehyde/amine, and
amine/phenol were examined.

Experiments were directed to the isolation of coloured materials
fran resorcinol/dimethylamine, resorcinol/ammonia, resorcinol/
diethylenetriamine and various other resorcinol/amine mixtures.

13

These were then examined by UV, IR, 1H and ~°C NMR, mass spectroscopy,

elemental analysis and by their chemical reactions.

i'.ii Prevention of Colour Development in the Mannich reaction

After finding the conditions causing colouration of Mannich
bases, several preventative modifications were tried. These included
(L) the acceleration of the Mannich reaction using an electrophilic
type reagent, (Lii) the use of an inert atmosphere and of a

chemical antioxident, (iii) acetylation of the Mannich base, and
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'l stly (iv) the removal of the cardol fraction of the CNSL by
a
distillation. This last method led to an industrially viable

process.
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PART TWO

EXPERIMENT AL
- Laboratory Tec.nn:. gues

11 Thin laﬁr gr EEX g 2

Analytical thin layer chromatography was performed using plates

(microscope slides)coated in the laboratory (approximately 0.25 mm
thickness) with "Kieselgel G nach stahl (Merck) Type 60t.
Preparative TIC plates (20 x 20 cm) were similarly prepared in the
laboratory to éive a silica gel layer of approximately lmm. thickness.
Spots/bands were visualised by spraying with rhodamine 6G (0.1%
solution in I.M.S.) and irradiating with ultra violet light (250 nm)
or simply irradiating with ultra violet light in the case of
fluorescent spots.

A varlety of solvents were used in developing the TIC plates and
these are represented by letters in the experimental denoting the
following solvents.

E - Chloroform: Ethyl acetate (95:5)

F - Chloroform: Ethyl acetate (80:20)

G - Chloroform: Ethyl acetate (9327)

H - Pet. Ether (60-80°): Diethyl ether (95:5)

_Gas Liquid Chromatography (GIC)

GLC was conducted using a Pye-Unicam Gas Chromatograph (GCD)
fitted with flame ionisation detector,and a programmed digital

integrator (Infotronics CRS 201). Conditions and results of each

analysis are given under individual compound where applicable.



Column Chromatography

Column chromatography was carried out on "Kieselgel G nach
Stahl (Merck) Type 60" (mesh 70-230) in a glass column equipped at
the lower end with a sintered disc (of zero porosity) to support the
column packing and a tap to control the flow of solvents.

The progress of separation was monitored‘ by TLC on the collected
fractions.

Proportions of adsorbent and solvents used are given under

individual compound where applicable.

- Mass actrosco

Mass spectroscopy was carried out on an MS 902 (Brunel) and an

MS 50, (by courtesy of Physico and Chemical Measurement Unit, PCMU) at

Hagwell ]

Elemental Analysis
The C, H and N analysis was carried out by courtesy of Mr. G.

Crouch at School of Pharmacy, University of London.

. Nuclear Magnetic Resonance (NMR) SEect.roscoEz

'H Nuclear magnetic resonance (' H NMR) spectra were recorded at
60 mHz using a Varian T60 NMR Spectrometer (Brunel) and on a Varian
FT-00A by courtesy of Dr. C. Turner of Varian Associates with

tetramethylsilane as internal standard. Abbreviations used in

spectroscopic interpretation for MMR are:-

s = singlet
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bs - broad singlet

t - triplet
iq - quartet
h - heptat

m - mltiplet

130 NMR spectra were recordeci on a Varian CFT-20.

Infra-red Spectroscopy

Infra-red (IR) spectra wers recorded on a Perkin-Elmer 700 and &

SP2000 Infra-red spectrometer

Ultra-Violet Spectroscopy

Ultra-violet (UV) spectra were recorded on a Pye-Unicam SP 800.

Melting points were determined using a Gallenkamp melting point

apparatus.

Boiling points are uncorrected.

gzdrogenat ion

These were carried out in a Parr hydrogenator at low pressurse.

Materials
Distilled and raw cashew mut shell liquid were supplied by 3M
Research and were used without further purification. The materials

were believed to be of Brazilian origin.

Diethylenetriamine (DETA) as supplied by Kodak was 994 pure and

was further purified by vacuum distillaticn.
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Purity of other amines was checked by GC and they were used

without further purification.

The following abbrevia’oi:ons have been used:
Industrial methylated spirit (IMS)

Cashew mut shell liquid (CNSL)

Diethylenetriamine (DETA)

2. MANNICH REACTIONS

2a.General proceadurss
Method A. Aqueoussolution of formaldehyde (35-40Z ) was added.

drop wise during a 15-30 min. period to a stirred mixture of the
required phenol and 25% 'aqueous dimethylamine (or other appropriate
amine) maintained at 10-1500. The mixture was stirred for lhr at
25°C and then for 2 hrs on a steam bath. The hot solution was
treated with 160 g of sodium chloride per mole of phenol employed.
The oily layer was separated, dissolved in ether, the solution dried

over anhydrous sodium sulphate and the solvent evaporated.

Method B

This procedure was the same as A except for the following
variations. Methanol was used as a solvent and the addition of
sodium chloride was omitted. The reactants were refluxed using an
oll bath and stirred with a magnetic stirrer. After the heating

perlod was completed, the mixture was concentrated in wvacuo. The
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oily product was washed with water and extracted with ether, the
extract dried and the ether evaporated. The product was examined
by TLC and purlfied by crystallisation or if it was a mixture, then

the components were separated by preparative TLC or column

chromatography.

Mathod C

This procedure was the same as A except for the following
variations. Addition of sodium chloride was omitted and the reaction
mixture was washed with water, extracted with sesther and the ether
layer separated, dried and evaporated.

The molecular amounts of reactants employed in method A to C and
analytical results obtained for each compound are given under the

titled compound. If ary variation in the conditions from the general

method was used then this has been mentioned under the relevant

compound.

2b. 2,4,6-Tri-(dimethylaminomethyl)-phenol

Reactants : FPhenol 9.hg (0.1m)
25% aq. dimethylaﬁine 72.0g (0.4m)
35-40% aq. formaldehyde 28.L4g(0.35m)

OH OH
(CHA~)-NCH CHoN(CH
(CHa)oNH 32T Rk
HCHO

CHzN(CH3)2
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‘Experimental method A

The titled campound (pale yellow-brown oil) was obtained in 80%
yield; v___ (neat) 2960, 2800, 1615, 1360, 1300, 1260 em™ Vg
5(CDCL,) 2.20 (6H, s, N-(CH,),), 2.25 (12H, s, (N-(CH;),) ,), 3.27

(2H, s, N-CH,-Ph), 3.50 (LH, s, (N-CH,-Ph) ,), 6.98 (2H, s, ArH) and

p
7.76 (LH, s, PhOH, exchangeable).

2,l,6-Tri-(dimethylaminomethyl)-m-cresol

Reactants : m-Cresol 10.8 g (0.1m)
25% aq. dimethylamine 72g (0.Lim)
35-0% aq. formaldehyde 28.Lg (0.35m)

OH OH
(CH3) »NCH CHyN(CH
@ CHy),NH M 2N(EH3)?
CHy  HCHO H,

Experimental Method A - In this case the mixture was heated for 90

mins. The oily product solidified on standing for three days and was
recrystallised from benzens.

The titled compound was obtained in 76% yield, m.p. 54-57°C
(11‘01-6, b.p. 200° at 0.5 mm); Vnax. (neat) 2950, 2860, 2820, 2760,
1620, 1595, 1460 cm™ ' ; § (cc1)) 2.20 (68, m, N-(CH,),), 2.20 (12, m,
(N-(CH3),),)5 3.25 (3H, s, ArCH,), 3.L3 (2H, s, ArCH,), 3.50 (LE, s,
(ArCHz)Z), 6.80 (1H, s, ArH), 10.03 (1H, s, PhOH, exchangeable).

JFound: C, 68.89; H, 10.37; N, 14.63; Required for 016H19N30.:C, 68.01;
3.45, 3.50 (4H,2s, NCHZPH)
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'H, 10.39; N, 15.05%.

6-Dimethylaminomethyl -2 -methoxy-L-allylphenol

Reactants: 2-methoxy-L-allylphenol 2.73 g (0.017m)
25% aq. dimethylamine 12.2 g (0.058m)
35-40% ag. formaldehyde L.86 g (0.060m)
OH OH
- OCHs; (CH3)2NCH2 OCH3
[ o
J HCHO
CHaCH=CHa HoCH=CH,

Experimental method C- Heating time 150 mins. at 70°C

The product (yellow-organgs oil) was obtained in 87% yield;
o (neat) 3000, 2960, 2850, 2800, 1820, 1680, 1635, 1600, 1490,
160 cm™'; 8 (c01)) 2.28 (6H, s, N-(CH;),), 3.20 (28, d, JlHa,
ATCH,C =), 3.50 (2H, s, -N-CH,Ar), 3.70 (3H, s, OCH,), L.97 (2H, m,
C=CH,), 5.80 (1H, m, -CH =), 6.30-6.50 (2, m, Ar), 9.38 (1H, s, Fh’

OH, exchangeable).

2 Dimethylaminomethyl-3,4,5- trimsthylphenol and 2,6-bis (dimethyl-
aminomethyl)-3,l4,5-trimethylphenol.
Reactants: 3,L4,5,trimethylphenol 2.72 ¢ (0.02m)
25% aq. dimethylamine 9.0 g (0.05m)
35-4,0% aq. fermaldshyde L.0 2 (0.05m)
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OH ' OH
(CHA),NH CHaN(CH3 )y
HCHO +
Ha CH3
OH
(C H1 )2 NC Hz . CHZN(CH3)2
H3C CH3
CH3

Experimental method B - Reaction mixture was refluxed for 6hrs. The
oily product on examination by T.L.C. showed two spots. The product

solidified on standing for a week and was purified by preparative
T.L.C. using solvent F.

The monosubstituted product (Rf 0.45) was obtained in 35% vield
mepe TL=72°C; v max, CBF) 2850, 1560, 1580, 1LL0, 1390, 1360, 1320,
1280, 1220 cm™'5 8 (CC1) 2.17 (9H, m, ArCH,), 2.37 (6H, s, -N(CHy), ),

3.67 (2H, s, ArCHzN), 6.50 (1H, s, aromatic), 10.1 (1H, s, PhOH,
exchangeable).

Found: C, 72.65; H, 9.70; N, 6.50; Required for G158, oNO; C, Th61;
H, 9.85; N, 7.25%.

The disubstituted product (base line band) was obtained in 25%
yield, m.p. 55-56.5°C, v ... (KBr) 2950, 2850, 2760, 1720, 1600, 1570,
1,50, 1350, 1305, 1285, 118 cm™ ', (cc1,) 2.23 (9H, bs, ArCH,), 2.28
(128, s, (-N(CH;),),), 3.57 (LH, s, ArCH,-N), 10.18 (1H, s, phOH,
exchangeable).

FO‘U.Hd: C,?OQSLI,, I'D.OI27, N;I-O-l9; Reqllired for 015H26N20, 0372 100,
H,10.40, N,11.20%
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o .6.Bis (dimethylaminomethyl)-p-isopropylphenol

Reactants: p - isopropylphenol 2.72 g (0.02m)
25% aq. dimethylamine 10.8 ¢ (0.05m)
35-40% aq. formaldehyde L8 g (0.06m)
CH OH
(CH4)»NCH CH->N(CH
(CHa)oNH 372 Z 2 3
—_—
HCHO
o S
H3C CHq H3C CHjq

Experimental method B - Reaction mixture was refluxed for 6 hrs.

The pale yellow oilZy product was obtained in 90% yield, v max.
(£i1m) 2950, 2860, 2820, 2760, 1610, 1460, 1390, 1350, 1170, 1020,

8,0 ™' 8(CC1,) 1.23 (6H, d, J6Hs, -CMe,), 2.30 (12H, s, (-N(CH,),),);
2.75 (1H, h, J6Hz,ArCH), 3.52 (LH, s, ArCH,N), 6.97 (2H, s, ArH) and
9.28 (1H, s, PhOH, exchangeable).

Found: C, 72.66; H, 10.95; N, 11.17; Required for 0151{261\120; ¢,72.00,

H, 10.4,0; N, 11.20%.

2,6.-Bis (dimsthylaminomethyl)-p-tert-pentylphenol

Reactants: p-tert-pentylphenol 3.28g (0.02m)
. 25% aq. dimethylamine 10.8 ¢ (0.06m)
35-40% ag. formaldshyde L.6 g (0.06m)
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OH OH
(CH4),NCH CH-N(CH-)
(CH3)7 NH 372772 277372
HCHO
H3C— —CH3
T

H3C~C~CHy
CaHs  CoHg

Experimental method B - Reaction mixture was refluxed for 6hrs.

The pale yellow oily product was obtained in 86% yield, Voo,
(neat). 2950, 2820, 2760, 1610, 1460, 1360, 1260, 1180, 1020, 8L0cm™";
6 (cc1),) 0.68 (3H, 4, JOHz, Ar-C-G-CH3), 1.27 (6H, s; Ar-C-(Me),),
1.67 (2H, q, J8Hz, Ar-C-CH,), 2.30 (12H, s, (-NMe,),), 3.53 (LH,

s, ArGHZN), 7.03 (2H, s, ArH), 9.70 (1H, s, PhOH, exchangaable).
Found: GrL.95, H11.25, N9.87, Required for Cl‘?HBONzO’ G73.38, HLO.79,

1jL0.07%

2,6-Bls (dimethylaminomethyl)-p-tert-butvlvhenol

Reactants: p-tert-butylphenol 3.0g (0.02nm)
25% aq. dimethylamine L.0 g (0.05m)
35-40%-aq. formaldehyde 9.0 g (0.05m)

OH OH

(CHa)»NCH CH»N(C
(CHa)oNH 3)2NCH;, HN(CHg),
HCHO
] H — - — —
3¢~ C =CH, HqC—C~CH,

l
CH3 CHy
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Experimental method B - Reaction mixture was refluxed for ¢ hrs.

The product was obtained in 83% yield, m.p. L40-42°%C, v I
(£11m) 2950, 2820, 2760, 1610, 1L60, 1360, 1260, 10L0, 1020, 84O ci™ ;3
6 (cc1,) 1.33 (9H, s, ArCMes), 2.37 (12H, s, (-N-Me,),) 3.63 (LH,s,
ArCHzN), 7.17 (2H, s, ArH), 11.07 (1H, s, PhOH, exchangeable).
Found: C,72.10, HL0.33, NLO7L; Required for G, H gN,), G72.73,

H,10.61, N.0.61%.

Condensation of resorcinol with dimeth lamine' and formaldehyde

Reactants: Resorcinol 2.8 g (0.025M)
25% ag. dimethylamine 18 g (O.1m)

35-40% ag. formaldehyde 7.0g (0.0875m)
OH OH

(CH3)->NC CH»N(CH
(CHa) N 2NCHy oN(CHz)
oH  HCHO OH
CH,oN(CH3)-

Experimental method C - The reaction mixture was heated for 2% hrs
at 80°C. On adding chloroform to the dark red reaction mixture a

solid separated which was filtered and dried.
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O
The dark red product was obtained in 22% yield, m.p. > 300;

- (KBr). broad peak between 3,,00-2700, 1640, 1480 em”

2,60 (m, -N(CH3)2), 3.62 (m, Ar-CH.z-N), .95 (broad s, exchangeable).
Found: C 59.04, H 6.39, N 5.66; Required for 015H27N302’ cél .06,
H9161, N lhl95%'

; & (IMSO)

Condensation of resorcinol with dimethylamine and formaldehyde

Reactants: Resorcinol 1.l g (0.0lm)
25% aq. dimethylamine 1.8 g (0.01lm)
35-40% aq. formaldehyde O0.81 ¢ (0.01m)
OH OH
C ’ .
OH HCHO y

Experimental method B- The reaction mixture was heated for 3hrs

at hOo and then concentrated in vacuo.

The red sollid isolated was insoluble in water and methanol and
had no clear melting point up to 300°.

Condensation of phenol with ethylenediamine andfbrmalde rde
Reactants: Phenol L7 g (0.05m)

Ethenediamine 12 ¢ (0.2m)
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35-40% aq. formaldehyde 14.18 g (0.175m)

HplCCT Y P olymer
HCHO

Experimental method C - A yellow rubbery polymer separated on

cooling of the reaction mixture.

Condensation of phenol with methylamine and formaldehyde

Reactants: Phenol L.T g (0.05m)
30% agq. methylamine 20.46 (0.2m)
35-40% aq. formaldehyde 11;.18 (0.175m)

OH
CHzN CHp—

C*’rz
Experimental method C - A white solid separated from the reaction

mixture on refluxing for 2hrs.

The product softened at 700- but did not melt; v (KBr )

mnaxe
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2950, 2800, 1600, 1460, 1350, 1260, 1020, and 890 ; & (°°1h)
5.0-2.5 (m), 3.10 (s), 3.2-4.0 (m), 6.8 (m, ArH and PhOH).

Found: C 67.926, H 7.67, N 10.31%.

Reactants:
Phenol 3.11 ¢ (0.033m)
25-30% aq. methylamine 4.1 g (0.033m)
35-40% aq. formaldehyde 2.7 g | (0.033m)
OH

. OH OH
s -
CH,NH, CHy-N-CHj
HCHO .

+ other products

Experimental method C - The reaction mixture was not heated at all but
stirred at room temperature for 2l hrs. ]

The syrupy reaction mixture showed three components on examination

bty TIC. The mixture was separated by preparative TIC using solvent E.

The oily product (Rf 0.2L) was obtained in 15% yield, & (Cclh)
2.20 (3H, m, - N"CHB)’ 3.67 (LH, m, (ArCH,N),), 6.83 (8H, m, ArH),
8.93 (2H, s, PnOH exchangeable).
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-Gondensation of m~-cresol with mgthylamine and formaldehyde

Reactants:

m-cresol 5. g (0.05m)
265-30% aq. methylamine 5.L2g (0.05m})
35-1,0% aq. formaldehyds 8.10g (0.10m)
H
CH,NCHq
OH O OH
_I_
N\CH3
CH3 CH3 CHj

Experimental method B - The reaction mixture was refluxed for LO min.
TIC showed evidence of the mresent of three components from which

two compounds were isclated by preparative TIC (solvent,E.)

The component showing the same R, value (0.72) as m-cresol was

cbtained in 17% yield, m.p. 66-69°C; & (opc1,) 2.33 (3H, s, NOH,),
2.63 (3H, s, ArCH3), 3.97 (2H, m, ArCH,N), L4.83 (2H, m, ArOCH,), 6.70
7.0 (34, m, ArH). |

Found: C 69.49, H 7.77, N 7.55; Required for ClOHZLBNO’ C 73.62,

H 7.98 and N 8.55%.

The second camponent (base line spot), a colourless oil, was



31

"obtained in 39% yield and gave § (ch13) values at 2.33 (S,N-GH3),
3.60 (S,ArCH3), 3.80 (s, ArCHzN), 6.67-7.15 (m, aromatic), 8.90

(s, PnOH, -NH exchangeable).

Condensation of phenol with diethylenetrliamine and formaldehyds

Reactants:
Phenol L.70 g (0.05m)
Diethylenetriamine 6.18 g (0.06m)
35-,0% aq. formaldehyde L.86 ¢ " (0.06m)

"HCHO

~ COH
y .
HoNCH,CH, N C bc'ijHz various products

(see discussion)

Experimental method C - The reaction mixture obtained on heating for 3hrs :
80° was extracted with chloroform. An amber oil was obtained on

evaporation of the solvent.

The product gave & (CClh) values at 2.45-2.93 (m, N=- (CH2)2_ -N),
3.40 (m, ArCH,N), L.LT7 (s, PhOH, - NH,-NH,, exchangeable), 6.60 - 7.16

(m, ArH). v ___  (neat) broad peak between 3600-2800, 1650, 1580

nax

and 11,60 t::m":L ]
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Condensation of m-cresol with diethylenstriamine and formaldehyde

Reactants:
m-cresol St & (0.05m)
diethylenetriamine 6.18 ¢ (0.06m)
35-140% aq. formaldehyde ° 2.25 (0.05m)
OH
H2N (C Hz) 'ZNH(CH’Z)ZNH'Z various
HCHO products

CHa

Experimental method C - The reaction mixture was heated for 2hrs at
80°C.
The orange oily product (7.5 g) gave & (00114) at 2.18 (s, _ArCHB) .

2.h2'2:80 (bS, N"(CH "'N), 3-2"318 (m, AI‘CHZN), 5-1 (bS, PhOH, 'NH,

2)2

-NH, exchangeable ), 6.30-7.05 (m, ArH); v (Neat) broad peak from

| max
3200-2800, 1650, 1580 and 1460 cm”'.

Condensation of Resorcinol with diethvlenetriamine and fFormaldshvde

Reactants:
Resorcinol 2.75 g (0.025 m)
diethylenetriamine T.73 g (0.075 m)

35-40% aq. formaldehyde  6.08 g (0.075 m)
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"Experimental method B - A pink solid separated out on heating the

reaction mixture for 2hrs under reflux.

The product (3g) had melting point above 300° , & (IMSO) at 2.50
(m, N'(CHZ)Z-N)’ 3.62 (broad m, ArCHZ), 6.0 (broad m, ArH, PhOH, -NH,
-NH,, partially exchangeable).
Found: C57.90, H 6.46, N 11.19%.

Condensation of distilled cashew nut shell liquid (CNSL) with

dimetl;rizlamine and formaldebﬂe

Reactants:

dist. CNSL 30 g (0.1m)
25% aq. dimethylamine 6Ly g (0.35 m)
35% aq. formaldehyde 2L 3 (0.3m)
OH OH
R
Ci5H31-n Ci5H31-n

4+  other products

Experimental method A - With the omission of addition of sodium
chloride.

The product purified on a silica gel G (mesh 70-230) colum
with solvent E as eluant showed & values (CClh) at 0.7-1.1 (m, -CH, ,
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'CHBAr), 1.33 (broad s, - (CH,) =), 2.33 (s, - N(CH;),), 2.L4-3.0
(m, -C = C-CH,), 3.57 (2H, s, ArCH,N), 5.10- 5.60 (m, -CH = CH-),
6.1-6.85 (34, m, ArH), 9.50 (H, s, ArOH); v i (Neat) 2950, 2870, 1630,
1630, 1585, 1510 cm™ ' .

N.B. Average molscular weight of CNSL was taken as 300,

Condensation of technical CNSL with dimethylamineand formaldshyde

Reactants: '
technical CNSL 30 g (0.1n)
25% aq. dimsthylamine 72 g (0.Lm)
35-40% aq. formaldshyde 28.L g (0.35m)

Experimental msthod A -~ An attempted purification of the crude product
(3.2 g, dark brown oil). by vacuum distillation led to formation of

a polymer. The 1H NMR spectrum of the crude product was identical to
that of the product from dist. CNSL.

Condensation of saturated cardanol with dimethylamine and formaldehyde
Reactants:
Sat. cardanol 3 g (0.0ln)
25% aq. dimethylamine S g (0.03m)
35-40% aq. formaldehyde 2.3 g (0.03m)
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OH OH
(CH3),NCH,

Ci5H3;1 Ci5H3

Experimental method B - The reaction mixture was heated for 150 mins

under reflux - The solid was recrystallised from pet. ether h0-60°.

The product 6-dimethylaminomethyl-3-pentadecylphenocl, was obtained
in 94% yield, m.p. Lu-L7° (1it’S u7°), v___ (kBr) 2850, 1620, 1580,
1510, 1460, 1380 and 1360 cm™', 6 (0c1)) 0.90 (s, -C-CH,), 1.27 (m,-
(CHz)n-), 2.30 (s, N(CHB)Z)’ 2.20 (m, ArCHz—C), 3.53 (s, ArCHZN),
6.24 (m, ArH), 9.60 (s, PhOH, exchangsable).
Found: C79.73, H 12.27, N 3.96; Calculated for C,), 1, 5N0s C 79.78,

H u'gl, N'B-BB%Q

Condensation of saturated cardanol with disthvlamine and formaldehvde

Reactants:
Sat. cardanol 0.3 g (0.001m)

diethylamine 0.15¢g (0.002m)
35-40% aq. formaldshyde 0.16¢ (0.002m)
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C1sHa3; Ci5Ha3y

Experimental method B - The reaction mixture was refluxed for 5 hrs.
The mroduct was isolated by preparative TIC of the reaction mixture

using solvent G as eluant.

The product, 6-diethylaminomethyl-3-pentadecylphenol, was obtained

in 29% yield, m.p. 157, v (£ilm) 2920, 2850, 1620, 1580, 1L70

and 1380 cm™ '3 4 (CC1,) 1.03 (b, CH,), 1.7 (¢, NCCH,), 2.63 (m,
N-CH, - Mo, ArCH,C), 1.33 (my =(CH,)n-)5 3.80 (s, ArCH,N), 6.63=7.07
(m, ArH) and 10.40 (s, PhOH, exchangeable).

Found: C81.71, H12.60 and N3.56; Required for 026Hh'?N0; c80.21,
H2.08, N,3.60%.

Condensation of dist. CNSL with disthylenetriamine and formaldehyde

Reactants:
dist. CNSL 15¢g (0.05m)
diethylenetriamine 5.15¢ (0.05m)
35-40% aq. farmaldehyde solution L4.86 g (0.06m)
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OH

Hy N(CH9)oNH(CH5)oNH

_¢ Cec e ¢ . various products

o . HCHO
“5731-n (see discussion)

Experimental method C - The reaction mixture was heated at 80° for

3 hrs.

The red oily product (20-5g) gave a complex 'H. MMR with & (CC1))
values at 0.7-1.1 (m, -CH,, ArCH;), 1.33 (s, -(CH,).-), 2.10 (m, -C
“G=CH,), 2.45-2.80 (m, -N(CH,),-N),), 3.83 (m, ArCH,N), 5.10-5.60
(m, -CH=CH-), 5.80 (broad s, PhOH), 6-4-6.85 (m, ArH). Ve, (Neat)
3300, 3020, 2930, 2850, 1580, 1450, 1380, 1270, 1150, 1115, 910,

870 cm” '

N.B. This experiment was repeated twice, once by pretreating ths
' dist. CNSL with 1% w/w sodium borohydride and the second time by
incarporating an antioxident, Topanol '0', in the reaction mixture.
In both cases, lighter coaloured procducts were obtained but they

became more intense in calour on standing.

Condensation of dist. CNSL with diethylenstriamine and formaldehyde

Reactants:
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giethylenetriamine 2.06 g (0.02m)
35-1i0% ag. formaldehyds 1.78 ¢ (0.022m)

Experimental method C - The experiment was conducted in a nitrogen
atmosphere. A slight excess of nitrogen pressure was maintained

during the reaction. The mixture was heated for 3hrs. at 100°.

A yellow orange oily product (8.1 g) was obtained which gradually

darkenaglon standing. The 1H NMR and IR spectra were similar to those

described before.

Condensation of saturated CNSL with diethvlenetriamine and formaldehyde

Reactants:
Sat. CNSL 3.10 g (0.01m)
diethylenetriamine 1.03 g (0.01m)
35-40% aq. formaldehyde 0.81 g (0.01m)

Experimental method B - The mixture was refluxed for 3hrs. Red-orange
oll formed sollidified on standing.

T.L.C. examination showed presence of unreacted cardanol.

Separation of the pure product proved unsuccessful due to the polymeric
nature of the product.

Acetylation of the Mammich base from dist. CNSL

Condensation of dist. CNSL with IETA and formaldehyds was

carried out as before under nitrogen. The Mannich base was rapldly
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.worked up and #solated as in method C and part of it (3.0 g) was
treated with pyridine (18 ml) and acetic anhydride (6.0 g). The
reaction mixture was ‘kept in a stoppered flask for 2l hrs and then
added to ice (30 g). On adding ether to the reaction mixture, an

oily phase was formed between the water énd ether layer. The olly
layer (Mannich base) was isolated and the change in colour on storage .

was compared with that of the unacetylated product.

Preparation of N,N-dimethyl (methyvlene) ammonium chloride

H.C CH CH
3\ /%3 N
HCHO + 2 (GH3)2NH —> N - CH.-N ——> " N=CH, 01 + CH.300N(CH.3)
/| \ /®
H30 CH, CH3

A solution of 35-40% aq. farmaldehyde (10.11 g, 0.125M) was
stirred and cooled in an ice bath. Aqueocus. dimethylamine (4 5 g, 0.25M)

was added at a rate such that the reaction temperature was kept below
15°. The solution was stirred for 30 min. after the addition was
completed,qnd ‘potassium hydroxide i)el'!.ets (approx. 28 g) were added in

portions until the reaction mixture separated into two layers. The

upper layer was separated, dried (potassium hydroxide pellets) overnight
and distilled.

The product, bis-(dimethylamino) methane, was cbtained in 75%
yield, b.p. 80-82° (1it31 83-8L°), S 2.13 (124, s, -(CH3)h) and 2.57
(2H, s, N-CH,-N).

Acetyl chloride (10.92 g,0.14 M) in ether (sodium dried) was
gradually added to an ether solution of bis-(dimethylamino) methane

(14 .28 gy 0.1 M) in a nitrogen atmosphere. The white, N,N-dimethyl
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(methylene) ammonium chloride salt crystallized from the reaction
12
solution.

The salt farmed was extremely hygroscopic and had to be kept in

a desiccator until required.

Preparation cﬁ‘ 3-dimethylamincmethyl indole
N,N-Dimethyl (methylene) ammonium chloride (0.9L g, 0.01L M) was
suspended in anhydrous acetonitrile and stirred with a 10% excess of
r indole (1.23 g) for 5 min. at 22°. Both the reagents dissolved on
stirring and the product, 3-dimethylaminomethyl indole hydrochloride
crystallized spontaneously. The hydrochloride was filtered dissolved
in water and the aqueous solution basified to give the Mannich base

which was isolated, washsd with water and dried.

The product (95% yield) was obtained as m.p. 129-131° (1it7.3128°).

Reaction of N,N-dimethyl (methylene) ammonium chloride and phenol

A mixture of N,N-dimethyl (methylene) ammonium chloride (0.9 g,

0.014) suspended in anhydrous acetonitrite (10 ml) and phenol (0.9Lg,

0.01M) was stirred at 2090 for 1 hr. and then refluxed for 2 hrs.

No precipitation of the hydrochloride salt took place. The mixture
was basified and extraction with ether was attempted but proved

unsuccessful..

Reaction of N,N-dimethyl (methylene) ammonium chloride and resorcirol
A mixture of the ammonium chloride salt (2 g) suspended in

anhydrous acetonitrile and resorcinol (1.1 g, 0.01M) was stirred at
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room temperature far 2hrs. Water (10 ml) was added to the dark reaction

mixture. Extraction with ether and chloroform proved unsuccessful.

Reaction of diethylenetriamine and formaldehyde
5 HCHO  + HoNCHCHoNHCHoCHoNHy  ————s

HOCH, ?H—ZOH )CHZOH
/N (CH2)2 N (CH2)9 N\ B
HOCH, CH, OH
POLYMER

A solution of 35-40% aq. formaldehyde (L,0.L7 g, 0.5 M) was
stirred and cooled in an ice bath. Diethylenetriamine (20.6 g, 0.2M) |
was added to this solution at a rate such that the reaction
temperature was kept below 15°. The reaction mixture soliﬁied- to

give a clear gel-like polymer on completion of the addition of the amine.

The clear rubbery polymer turned yellow after a week.

3. ISOLATION OF COMPONENTS FRCM CASHEW NUT SHELL LIQUID (CNSL)

3a. Preparative TIC of Distilled CNSL
Chloroform solutions of dist. CNSL (0.17 g, x 5) wers spotted onto

each of five TIC plate (20 x 20)coated with silica gel G and the plates

‘were then developed (Solvent E). The plates were then sprayed with

rhodamine 6G to visualize the different bands and the bands eluted
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with diethyl ether/methanol (90:10) to give the three components,
cardanol, 2-me-cardol and cardol after filtration and concentration
The rhodamine 6 G dye was removed from the extract by shaking the

extracts in ethereal solution with dil. hydrochloric acid. The ether
layer was separated, dried over anhydrous sodium sulphate and the

ather evaporated.

The components, cardanol (0.52 g), 2-methylcardol (0.0L g) and
cardol (0.09 g) were collected and examined for purity by analytical
TIC.

3b. Isolation of polymeric material from dist. CNSL
A chromatographlic columm was packed with silica gel G (200 g ,

mesh 70-230). Distilled CNSL (10 g) was added and the column eluted
with chloroform. Elution was carried cut in turn, with chlorofarm:
ethyl acetate (90:10), chloroform: ethyl acetate (80:20) and methanoi

to remove all of the components except brown material (polymer). The
brown coloured band was then stripped off the column with glacial

acetic acid. On evaporation of acetic acid a dark brown solid (0.L2g)
was obtained.

The 'H MR was similar to that of CNSL.
Found: C62.01 and H 8.30%.

3¢, Column s8paration of components fram dist CNSL
To a solution of dist. CNSL (5 g) in chloroform (10 mls) silica

gel G (5 g, mesh 70-230) was added and the solvent was carefully

evaporated. The coated silica gel was added to a column packed with
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" silica gel G (50 g).

Column was then eluted successively with chloroform, chloroform:
ethyl acetate (98:2), chloroform: ethyl acetate (99:5) and chloroform
ethyl acetate (90:10) in turn . Fractions (50 ml) were collected ané

monitored by analytical TIC giving the results shown in the table

below:
Fractlon No. Composition Solvent
122 aliphatic long chain material chloroform
3=15 cardanol chloroform
16 cardanol+2-me-cardol chloroform
17=-19 2~-me~-cardol chloroform:ethyl
' acetate (98:2)
20-2L 2-me-cardol+cardol chloroform:ethyl
acetate (95.5)
25-33 cardol chloroform:ethyl
acetate (95:10)
yield: Cardanol L.21 g (84%)
2-Methylcardol 0.06 g (1.2%9)
cardol 0.33 ¢ - (6.6%)

3d.Extraction of CNSL from Cashew muts

Cashew muts (350 g) were cooled with carbon dioxide/acetone
coolant to make them hard but brittle. The nuts were then cracked

by a smart tap with a hammer. The kernel and the brown lining were

separated and welghed befors placing the split shells in ether.
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The shells (22L g) in ether (750 ml) were allowed to stand overnight

under nitrogen. The ether was removed by filtration and the shells
were disintegratéd with a blender, re-extracted with ether and both the

extracts combined. The ether was evaporated and the cashew mut shell

liquid welghed.

Yield of natural CNSL was 79.01 g (35.3% based on weight of shells
or 22.5% based on the original cashew nuts.)

S

Separation of Cardol from natural CNSL

Anacardic acid was separated from natural CNSL by isolation of its

lead salt and the remaining phenols (mostly cardol) were collected.
Lead hydroxide was prepared from lead nitrate (151g) in water

(600 ml) added to sodium hydroxide (39.6 g) dissolved in water (200 ml)

and the white precipitate allowed to settle for one hour. The
supernatant liquid was decanted and the precipitate washed with

distilled water until no longer alkaline. The slurry was stirred with

IMS (1 litre) and the supernatant liquid decanted again. Natural CNSL

(70.01g ) in IMS (LOO ml) was added to the lead hydroxide and the

mixture stirred and allowed to stand overnight. The slurry was then

filtered, the solid was stirred with IMS and then refiltered. The

filtrate was evaporated and éther (100 ml) added to the phenolic

residue. The ethered mixture was dried (sodium sulphate) and the

ether evaporated. The'  separation of the three phenolic materials from

the residue (11.5 g) obtained from above was carried out using

silican gel G (mesh 70-230) column, eluted in turn with chloroform,

| chloroform: ethyl acetate (95:5) and chloroform: ethyl acetate (90:10)
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. The fractions collected were monitored by analytical TLC and the

fractions collected shown in the table below.

Fraction No Composition
1-10 Cardol
11-13 Cardanol+2-me=-cardol
1L ' 2-me-Cardol
15=-17 2-me-cardol+Cardol
1829 Cardol

A1l the pure fractions of each phenols

evaporated and the residue weighed.

Yield: Cardanol 1.2 ¢

2-Methylcardol 0.11 g

Cardol 5.2 ¢
54

Hydrogenation of Cardanol

Solvent

Chloroform

Chloroform:Ethyl
acetate (95:5)

Chloroform:Ethyl
acetate (95:5)

Chlorofcarm:Ethyl
acetate (95:10

Chloroform:Ethyl
acetate (95:10)

were combined, the solvent

(10.L4%)

( 0.9%)
(L5.2%)

Palladium 10% on charcoal (0.50 g) was added carefully to a

solution of cardanol (5.0 g) in ethyl acetate (50 ml) under nitrogen.

The mixture was shaken under hydrogen at 30 p.S.1. for 2L hrs.

The solvent was evaporated and the solid crystalised from petroleum

ether (60-80).

54

The product (98%yield), have m.p. 50-51° (1it. 5L).



ydrogenation of Cardol
Palladium 10% on charcoal (0.30 g) was added carefully to a

solution of cardol (3.3 g) in ethyl acetate (30 ml) undet nitrogen
The mixture was shaken with hydrogen at 30 p.s.i. for 24 hrs until

abscarption ceased. The solvent was evaporated and the solid

recrystallised from petroleum ether (60-800).

The product, saturated cardol, was obtained in 98% yield, m.p.
86-8801 (litO,Sh 95'5 - 96)

Preparation of 6-t-butyl-3-pentadecylphenol

OH *
HyC C(CH3)CH- ”
I
Ci5Hay

Saturated cardanol (2.5 g), benzene (10 g) and conc. sulphuric acid

(0.1 g) were carefully mixed in a 3-necked flask (50 ml). In to
the stirred and warmed mixture at 45° y iso-butylene was slo'vily
bubbled for 5.5 hrs while the temperature was maintained at LS
The progress of the reaction was monitored by TIC (solvent G).
Benzene was then evaporated, ether added to the residue and the
ethergd solution washed first with sodium chloride solution and
finally with water. The ether solution was dried (sodium sulphate)

and the ether evaporated.

The product was isolated from the reaction mixture by preparative
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TIC using silica gel plates (solvent H).

The product was obtained in 50% yield, m. pt L1-43%; & (CC))
0.85 (3H, m, C-CH;), 1.32 (26H, s, =(CH,) -), 1.40 (9H, s, ArG{CH,;);),
2.53 (2H, n, ArGHz-), L.47 (1H, s, PnOH), 6.60 (2H,‘m, ArH), 7.10

(1H, m, ArH); Found:C, 83.15; H, 12.59.

Required far C,cH )0 C, 83.33; H, 12.22%.

Fractional distillation of DETA

DETA (200 g) was distilled under vacuum using a fractionating

colurm packed with helices. Various fractions were collected and the

pressure, temperature, flask variac and column variac settings were

recorded for each fraction as shown below:

Fr. No. Pressure (mm of He ) Temp °c Flask varias S:;"ﬂi
1 8 70 60 LO
2 8 74 60 LO
3 [ 76 60 1,0
M 8 82 60 L0
5 8 82 60 LO
6 3 82 60 LO
7 8 83 65 Lo

A dark yellow residue (1.2 g) was left in the distillation

flask. The fractions ;-7 were combined and examined by1 H MR
and elemental analysis.
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. (C°1h)1'22 (SH, s, -NH and -NH,), 2.63 (8H, m, "(GHz)h")‘
Found: C, L7.78; H, 12.7L3; N, LO.OL; Calculated for ChH13N3=
c, L6.60; H, 12.62; N, L40.78%.

0.1 g of each fraction from above was added to solutions of
resorcinol (0.1 g) in methanol. The samples were heated on a steam
bath for 2 hrs. and the intensity of the colour developed was examined
Besides the residue all the other fractions gave very similar - orange

colours.

Lhe INVESTIGATION. OF THE RED COLOUR EFORMATION T,

MANNTICH REACGTTON-

ha. Qualitative reactions of the component reactants used in the

\

Mannich raaction

1. DETA (6.18 g, 0.06M) and phenol . solution (4.70 g in 10 ml water)

gave an intense yellow solution on heagting fa 3 hrs at 85°.

2. 35-L0% Aq. formaldehyde (4.05 g) and phenol (L.70 g) gave a pink
solution on heating for3 hrs. at 850

3. DETA (6.18 g, 0.06 m) and 35-40% aq. formaldehyde (L4.05 g) gave a

colourless solution under similar conditions.

Lbb. Qualitative reactions of phenols with DETA
DETA (0.1l g, 0.001M) was added to each of the alcoholic solutions

of phenol (0.1l g), resorcinol (0.12 g), S-methyl resorcinol (0.13 g),
Li~methyl resorcinol (0.1l3 g) 2-methylresorcinol (0.13 g), aardanol

(0.3 g), 2-methylcardol (0.3 g) and cardol (0.3 g). The mixtures were

then heated ona steam bath for one hour.
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Phenol : Cbservations

Phenol Clear solution at room temperature but
becomes slightly yellow after heating for
1 hr. and intensely yellow after 3 hrs heating.

Resorcinol Deep red colour on heating

S-Methylresorcinol Gave desper red colour, than other

resorcinols used, on heating

L -Methylresorcinol Deep red colour on heiting

2-Methylresorcinol Gave orange colour immediately on mixang

reagents and turned red on heating.

Cardanol Gave yellow solution on heating
2-Methylcardol Gave red solution on heating
Cardol Gave red solution on heating

Lic. Qualitative reactions of resorcinol with amines

Ethanolamine (0.098 g), diethylenstriamine (0.096g), hexamethylenediamine

(0.11 g), N-(a-mrﬁ.noethj'l)ethaholamine (0.096 g) and'



-ethylenediamine (0.056 g) wers added separately to methanolic

solution of resorcinol (0.1l g) and left to stand for 15 days.

Amine Cbservation
(CH.2 CH20H)2NH - produced pink colour (lighter than Resorcinol/DETA)
(01{2(11-12NH2)2 NH - Qrange-red on standing
(CH2)6 (NHZ)Z Orange-red colour -(similar to Resorcinol/DETA
H2N (CH'Z)QNH(Cﬁz)zOH Deep red colour (darker than Resorcinol/DETA
1-121\101{2(31-12NH2 Produced Orange colour (lighter than Resorcinol

| DETA)

Reaction of dist. CNSL with DETA

Distilled CNSL (5.0 g: 0.016L m) was cooled and stirred while
diethylenetriamine (1.68 g, 0.016Lm) was added drop wise so that the
temperature did not exceed 20°. The mixture was stirred for one hour
at 22° and finally heated with stirring for 3 hrs. at 70°. The
product was a red oil. The T.L.C. of the product showed a red base

line spot as wellas aspot corresponding to cardanol. Separation of the

various components was tried using a column packed with silica gel G.
The product was dissolved in CH(Jl3 and loaded onto the colum.

The column was than eluted in turn with chloroform, chloroform/ethyl

acetate (90:10) and methanol. The various fractions obtained were

examined(analytical T.L.C.). All of the fractions obtained wers
mixtures.

With a second batch of.. IETA and CNSL mixture the removal of
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" excess DETA was attempted by washing the mixture with water. This
produced foaming and the separation of phases proved difficult. When

the foam was left in contact with petroleum ether over several days

the colour and the unreacted CNSL were extracted into petroleum ether

layer. On evaporation of solvent a deep red oil was obtained. The

oil was examined by T.L.C.
Subsequently these mixtures were separated by distillation

(section on removal of cardol from CNSL).

Reactions of resorcinols with DETA

Mixtures of resorcinol (5.50 g, 0.05M) and DETA (5.15 g, 0.05M),
2-methylrescrcinol (1.2L4 g, 0.01M) and DETA (1.03 g, 0.01M) and
orcinol (1.24 g, 0.01M) and DETA (1.03g, 0.01M) in absolute alcohol

were gently refluxed for 2% hrs. The solvent was evaporated and
water (20 ml) was added to each of the residues. On 1eav‘ing the
solutions in stoppered flasks for one month, dark red solid was
precipitated in each case. The so0lid was filtered, dried and

analysed. On leaving the filtrates! for a further month more salid

was formed. The same coloured materials were formed in the absence

of a solvent.

Resorcinol | Analytical data
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