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Notes regerding the text.

1. References to the litersture are indiceted by ordinary
numerals enclosed in brackets. These refer to the
Bibliography, where references sre given in full, and
which is in slphebeticel order according to the
suthors' surnsmes.

2. Relevant references are grouped before the descripntion
of procedure in esch prenaration,

3. Structurel formulse are indicated by Roman numersals.
4, 411 welting and boiling points sre uncorrected.

5. Where the literazture gives & melting or boiling point
for & compound, it is quoted sfter the velue found.




INTRODUCT ION

HISTORICAI, SURVEY

A review of the chemistiry of the amidines has recently

been made by Shriner and Neumann (161).

I. DEFINITION

Amidines are strong monoacid bases, alkaline in
aqueous solution and forming steble crystalline salts. The

general foricula is:

where R,R',R'',R''' is hydrogen, en alkyl, or eryl radicle,

. or a substitution product. The experimehtal work of this

" thesis is concerned with unsubstituted (I) and mono-N-

-substituted (II) amidines.

oo™ - C,NH
\ NH, MNHR'

@ (T}

II. NOMBNCLATURE

Generslly, the amidine is nemed after the acid produced
on hydrolysis (this is the method adopted by "Chemical
Abstracts"). Thus, CGHSC(:HH)Nﬁz is named "benzamidine”.




In some instances it is difficult or inconvenient to name ﬁ
the amidine after the carboxylic acid and Shriner and

Neumenn (161) recommend that the amidine group in such cases

" ghould be referred to as "carboxamidine"; for example,
HH2N6(}ﬁH§(6Hé)lié(?ﬁH§ﬁH2 would be c&llad” "undecane=1:11241i
carboxamidine", However, it is more frequently referred to;
as "undecane-l:ll-diamidine®” or "l:ll-dismidimumdacane", lf
Some authors (33,178) heve referred to amidines as carbazyli&
acids, ammonocarboxylic sacias, amimides or imidoamides, but |
the terminology "anidine" is almost universal, |
The two nitrogen atoms of the amidine grouping are
usually designeted k end X', but, as is shown below, no
differentiation in property cun be made between the two
atoms in unsubstituted or monosubstituted derivatives., The
carbon stoms adjacent to the amidine grouping are terued «,

7, etc. in the normal manner.

In the prenaration of an eamidine from a nitrile, the

intermediate asdaition product of the nitrile with an alcohol]

is most correctly termed an imidoester (i.e. an ester of th
aci-form of the amide). Sidgwick (162) snd most other

authors, however, have named these compounds "iminoethers".




¢

For example; (IT1) ie called bengimino ethyl ether hydro-
-chloride (or ethyl benzimidate hydrochloride).

¢ NH- Het ¢ ;" C.Hs
CéH_s"C CGHS‘ [+
\ v
OGZH_, -

s (W)
Similarly, the chloro derivative of an N-substituted
amide is geuerslly called an iminochloride but can also be
referred to as an imidyl chloride. (IVv) is N-phenyl-
-benziminochloride or KNephenylbenzimidyl chloride.
Amidines have been classified into five types, based
on the number énd nosition of the substituents on the
nitrggen atoms:
A. Unsubstituted R-¢

NH NH,
. i s ] .
B. Monosubstituted R-C-NHR == R-C=nR

. : ‘NR INHR'
C. Symmetrical disubstituted R-C-MR == R-C=NR'

NH .
D. Unsymmetrical disubstituted  R-C- MR’

; NR'
g . '”
E. Trisubstitutsd R-C~-NR'R



It will be noticed that the monosubstituted and
symumetrical disubstituted emidines can each exist in two
tautomerioc foras. ‘

TIT. PREPARLTION

A. Unsubstituted Amidines
1. From nitriles tiarough imino-evlers

The orijginal work on the preparation of amidines was
done by Pinner in 1877 (132,139) and his method is still
the most useful lavoratory nrocsdurse, A detailed
description of a typical preparation can be iound in Orgenic
Syntheses (44). The nitrile is dissolved or suspended in
anhydrous &alcohol (genierally ethyl alcohol) into which dry
hydrogen chloride is passed under cooling. The iminoether
.hydrochloride formed is treated with dry slcoholic ammonis

to give the amidine:

/NH- HCE.
N+ GHsOH + HU —> R-C
R o NOgH;
4 NH- HCE , NH-HC
R-C +t+ NH —> R-¢C +  C,Hs OH
OCZHF. N NHz

Depending on the relative basicities of the amidine and
ammonia, the amidine is producea as hydrochloride or as

free bese.



ﬁ

ne method is of vory general application and both
aliphaéic and aromatic nitriles readily undergo the roaction’
Ashley and others (5,52) have prepared the amidines from a

|

vlargo number of aromatic dinitriles by the method, while
|

King, Lourie and Yorke (86) have synthesised some diamidino—/

|

alkenes.
Other alcohols may replace ethanol (139) and hydrogen /

bromide can be used instead of hydrogen chloride. The ‘/

optimum conditions for the formation of the iminoether from\/

a nitrile have been defined (5a) as the presence of 2.5 to
and seturation with dry hydrogen chloride under anhydrous j
conditions. w

An exception to the general procedure was found 1

3 equivalents of alcohol for each (aromatic) nitrile group

necessary for the formation of the iminoethers from chloro J

derivetives of phenoxyacetonitrile (p. 145 ). The reactim”

with alcohol in the presence of hydrogen chloride took plec
so readily in this instance that the,proportions of ’
reagents had to be reduced to the theoretical to prevent

the formation of undesired products. Pinner (139) |

suggested that unsteble chlorides of the type R.CC1(OR')
NHy .HO1 mey be formed when excess hydrogen chloride is
| |



‘used, and that theeq chlorides decompose into esters and
ammonium chloride. These two products were, in fact,
isolated from the action of excess alcoholic hydrogen
chloride on o-chloro-phenoxyacetonitrile (p.143), but Ashley

(5a) has found no evidence of Pinner's unstable chlorides.

Steric factors - the "ortho effect".

Steric effects enter into the iminoether formation by
Pinner's method. Some ortho-substituted aromatic nitriles
will not react at all with ethyl aslcohol and hydrogen
chloride and it was concluded (135,13%6) thet an ortha group
interferes if it contains carbon attached directly to the
nucleus. Thus, o-tolunitrile (V), 2:6-dimethylbenzonitrile
and % -naphthonitrile (VI) (41) did not react at all, while
phthalonitrile (VII) formed only & mono-iminoether:

CN

o 36

> TN
W (WD
+CN /\ g +CN
— ()
‘CN \/</ ‘a //NH' HCL
: “OGHs

(i

In addition, 2-nitro-4-methylbenzonitrile did not react.
In contrast, p-tolunitrile (VIII) and/i-naphthonitrilc'(IX)



formed iminocethers normally, while the other two isomeric
dicyenobenzenes (m and p) gave di-iminoethers (106).

CH;

0.
en (Vi) L\v// 7 (XD

This "ortho effect" was extended when it was found
(98) that o-chlorobenzonitrile also would not react, but it
has been shown that o~hydroxy-, o-ethoxy-~, and 2:5-dimethoxy-j
bengamidine can be made in the usual way (46,138). It was |
not found possible, however, to secure 2:4-dihydroxybenz- \

-amidine directly from the nitrile.

Conditions for iminoether formastion.

The menipulative difficulty of the method lies partly
in the sensitivity of the iminoether to moisture. The

decomposition with water mainly follows the course:
oNH- -

Q
2
—— -C . + NH
Lon' + M0 R ‘o 3

R-C <
The action is accelersted by hydrogen ione end, since it is
almost invarisbly as the hydroghldride that the iminoether
is produced, the need for anhydrous coﬁditions is obvious.
The iminoether aiso decomposes in aqueous solution to some
extent according to the equation:

NH

R-C —>— RCN + ROH -
NOR'



. Phe thermal decomposition of iminoether hydrochlorides

is formulated as (162):
//NH‘HCZ fa)

R~ {

i

|
= Rr-o{y, * RO i
| |
and it was frequently found that the salts decomposed at
their melting points with the evolution of gas, the residue
showing a new melting point close to that of the sorrespond
ing emide. This is a further reason for cooling during i
the iminoether formation, ;

A reaction of importance in finding the optimum |

conditions for amidine formation is that between an
iminoether hydrochloride and alcohol to form an ortho
ester (146a): '

OR'

[ /
R-C + ZROH —» R-C-0R + NH,C
“OR' ‘or'

Since the amonolysis of an iminoether to the amidine is
generally carried out in alcoholic solution, this side-

reaction is of specisl significance.

Alternative imino-ether synthesis.

Mention should also be made of an alternative

method of preparing iminoethers (169) by acting on a



primary amide with silver nitrate and sodium hydroxide,
producing e silver salt of the smide. Ethyl iodide on this

compound gave the iminoethyl ether.

2 o dp& CoHs] _oGHs
. . R 2 R-
RCWW N NH s

The procedure has been modified (98) by refluxing the amido,§

silver oxide and ethyl iodide in ether solution.

Ammonolysis. 5

The action of ammonia on the iminoether hydrochloride
to give the amidine can be most simply formulated as:

R.C(:NH)002H5.H01 + NH3-—4— R.C(:NH)NH2.H014-02H50H
Ashley (5e), however, has pointed out the necessity of a
large oxoéss of ammonia to avoid the formetion of non-basic
by-products. This suggests that the reaction takes place
between the benziminoether base and the excess ammonia and
Ashley did obtain benzamidine from Qenziminoethyl ether
base with alcoholic ammonia; but it has been shown (89%a)
that the reaction also occurs with the iminoether bese and
ammonium chloride. It is probaeble thet the excess ammonia
gserves to displace the equilibrium:

R.C(:NH)OR'.HC1 + NH3 === R.C(:NH)OR' + NB#OI

as far as possible in favour of the free base. This



reacts less readily with alcohol than does the hydrochloride -

which forms the ortho ester.
The ammonolysis of an iminoether (i.e.imidoester) may

be analogous to the hydrolysis of an ester (161):

NH -
R—c(;NH —> R Cl.‘ Nty 2 — R G/’N” + RoH
\or' SNort T R-CeR “NH,
2

Iminoether hydrochloride is added to a solution of dry
alcoholic ammonia: 109 ammoniacal alcohol is recommended
and also ten moles of ammonia for esch iminoether group
(5a). The mixture is heated under pressure, usually at
40 to 45° for ten to fourteen hours and the amidine
isolated as a salt (nitrate, sulphate, hydrochloride) or
a8 the free base.

A recent exception to the use of anhydrous media has

been described (9) in the preparation of nicotinamidine

(x).
_ A #NH
> NH,

%) _
The iminoether hydrochloride, formed in the usual manner,

f

|

was treated with cold 50% squeous potassium hydroxide, the ,

iminoether bese extracted with chloroform and added to
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emmonium chloride in aqueous alcohol.

2. Prom Nitriles with Alkali ljetal Amides.

This method originated in the work of Walther and
Grossnmen (181) who investigated the reaction of aromatic
smines with nitriles in the presence of sodium, to ﬂ
produce sodium derivatives of the amidines.

A close analogy cai be drawn between amidines and
carboxylic acids (see p.33) and amidines can be consider-
ed ag8 acids on the ammonia system (33,178), On this
basis, a nitrile is equivalent to the anammonide of the
amidine, and, when treated with a metallic amide, the
salt of the amidine is formed (33,53,177,185,186):

SN
RC=N + KNH, —— R-0C_ + Ko
NH,

The process is analogous to the formation of the alkeli
salt of a cerboxylic acid by action of alkali hydroxide
on the anhydride,

The reaction of the nitrile with the metal amide may
be conducted in an inert solvent such as benzene, tnluene,ﬂ
diphenyl or eanisole, or at low temperature in liquid
ammonia, The latter procedure is especially useful for

lower aliphatic nitriles which undergo polymerisation on




o0

treatment with metallic amides at 60 to 70°G.,  The
potessium smide is often preferable (33) but the sodium and
calcium derivatives are also used. |

The alkali metal salt is transformed into the amidine

by treatment with water under good cooling (185,186):

NK NH
R-¢? + HOo —= R-c! * KoH.
NH, NH,

or the emidine hydrochlorides are obtained by the use of
alcoholic hydrogen chloride (33).

The reaction faile entirely where the nitrile contains
a reactive methylene group (161). With phenylacetonitrile,
for example, salt formation occurs, followed by addition to

another molecule, and & dimer resultis:

C‘,%'C = NK
|

K NHy
CpH,—-CH;(CN —_— C‘Hs'qﬂcN + QHS'CHgNG R—d Q,H5' aHeN

K

It has been stated (125) that the method generally is
satisfactory only for erometic nitriles, and tertiary

aliphetic nitriles of the type CR3CN.

3. FProm Nitriles with Ammonium Salts.

Some text-books state that it is possible to prepare
unsubstituted emidines by heating & nitrile with ammonium



chloride. This has been accomplished in some instances

(15), but the yields were very poor, the method being more

sulted to the preparation of monosubstituted amidines by

uge of amine salts instead of ammonium chloride. A fow

unsubstituted smidines (including benzamidine hydrochloride)

have been prepared in low yield by heating the nitrile with

ammonium chloride in liquid smmonia in a sealed tube (33):

//NH'HC‘I

RON + NH,G —= R-0(

Oxley and Short (124,125) have described a general
method for the preparation of unsubstituted amidines which
consists of fusing the nitrile with the ammonium salt of
an sromatic or aliphatic sulphonic acid. They suggest

as the mechanism of the reaction:

Y 1)
OSOsR

N - + //N- - + //NH + .
R-CsN + R'S0, NH == |R-C —_— -
. S 3 4 [ ] NH4 [R C‘\ NHa RSOa

The nitrile and & maonium salt (generally the benzene-
-sulphonate) are fused and the amidine obtained as the
sulphonic acid salt (yield 60%). The fact that ammonium
chloride does not give the reaction is ascribed to its
infusibility and inebility to form homogeneous melts.

A ﬁoint of particular interest is that this method

/
/

/

|

|

|




. —————————-

may be used to obtain ortho substituted aromatic emidines

which aré not asccessible through the iminoethers.

4. From Thiocamides.

A thioamide reascts with concentrated aqueous ammonia

and an equilibrium is set up:

3 . NH c// NH: st H ¢, R c// NH
I Ry \NH,

z

R- C\NH + Hgs

2
WMercuric chloride is added to drive the reaction in favour
of amidine formetion by precipitetion of sulphide as mercuric
sulphide (14,15).
5. By Reduction of Amidoximes.

A novel synthesis of amidines consists of the reduction
of en amidoxime by hydrogen over & nickel catalyet or
electrolytically (8).

o
,, NOH H 4NN

c -
~ Ny ~ NH;

6. Miscellaneous

Methods 1 to 5 are the preparations useful in practice,
but the following also occur in the literature.
Acetamidine hydrochloride was formed with other products

when hydrogen chloride gas was passed into molten acetamide




(167).

" Several amidines were obtzined by heating the correspond-~
ing acids with benzenesulphonamide. The emidines were
obtained as benzenesulphonates, the reaction being applied to
acetic and benzoic acids and some derivatives (150).

NH
A
R-COpH + G CHsSOyNH, ——= R-C-NHy GH 30H  + (s JQH.

Ortho esters cen react with ammonia to form amidines:
H

N
R-0(0G,Hs) + 4N —~>re-cfw + 3@,Hs0H.

B. Monosubstituted Amidines.

1. From Nitriles through Iminoethers.

Pinner's method can be extended by acting on the
‘_ iminoether with a orimary amine instead of amuonia

(72,101,139,182):
//NH‘ Hee NH. HY

R-C, + RNH, — R_cl

+ HsOH
Y OCyHs S NHR' CyHs

If, however, the temperature or time of the reaction is
increased, disubstituted amidines result, probably owing to

the equilibrium (139):

H . #NR'
+ RNH, == R-C +  NHj
N NHR'

N
7
-¢
R N NHR'



As was indicated for unsubstituted amidines, this method
of obtaining the amidine through the iminoether requires a
laige excess (ten times) of the amine. Some little practical
difficulty may arise in the separation of the two bases, the

emidine, which is the desired product, and the excess amine.

2. Prom Substituted Amides.

A convenient method of preparation of monosubstituted
amidines is from the corresponding N-substituted amides.
When acted on by phosphorus pentachloride, a mono-~N-substituted
emide gives an iminochloride (162), the chlorine of which is
reactive. On treastment with aqueous ammonia an amidine is
formead:
R_C/:C:JHR' e R“':,::. i R'C‘(::?
Yields are good and use of snhydrous solvents is obviated
(101,179). |
Alth?ugh cases have been reported of similar action with
primary amides (18l1), low yields were invariably obtained, the
existence of the intermediste iminochlorides being doubtful.
3. From Nitriles with Primary Amine Salts

Nitriles of both the eliphatic end arohatic series, when

heated with primary amine hydrochlorides, form mono-substituted
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amidines (14,15,156,181) although higher temperatures may

favour the formetion of di-substituted products.

i #NR HL
RON + R-NHpHU —— R
2

The method of Oxley and Short (124,125) is also applicable
and consists in fusing e nitrile with sn amine sulphonate.
Details have already beern given under the heading of

unsubstituted emidines (p.13 ).

4. Prom Nitriles with Primary Amines in Presence of Sodium
and From Anils with Alkali ietal Amides

Connected with the action of alkali amides on nitriles
is that of e primery smine on & nitrile in the presence of
powdéred sodium (103,180). Dry toluene or benzene is used
as the reaction medium. The reaction appears to be more
satisfactory for arometic nitriles, but phenylacetonitrile
has elso been used. A substituent ortho to an aromatic
cyano group does not hinder the course of the reaction, e.g.

o-tolunitrile:

SNCHs
/\,CN I Na / /C\NH-Ma
2 +  CHsNH, —

; + + NaCN
\C'I'g \C'H_; \cH3

7z NC6H5 ¢ NGGH-'"

C
N NH-Na 7N
Hy0 NH;
2 o+ NaOH

~CH N CHy



{' bonnooted with this method and analegous to the
feﬁmation of unsubstituted amidines from nitriles with
alkh&l metel asmides is the reaction of an anil with sodium
amidq (88). Monosubstituted amidines are obtainod in

rather low yield, elong with other products:

." Nd
: \ AN app
: NG,H
' = CH=ENCHs + NaNH, —— ¢ ~QH 4 — \_ % 5
. N NH; L ‘NHz

5. From Thioamides

_ The method described for unsubstituted amidines may be
ex}onded to the mono-substituted series, either by reacting
a;irimary thioamide (XI) with & primery amine hydrochloride,
or Py using an N-substituted thioamide (XII) and ammonium
oh}%rido » the same product resulting in e ach case (14,15):

H, ~ ‘.

S NH,

6. From Unsubstituted Amidines

An alkyl iodide can be used to introduce a substituent
into an unsubstituted amidine (133), e.g. benzamidine and

18



othyl iodide at 100%0:

oNH NH: HI
/C‘NHz ,CfNHCH:
4+ CHl —— *

C. Disubstituted Amidines

Two isomeric disubstituted amidines can exist:

U

_ SNH
\ NHR“ R- C N NR'R"
Symmetrical Unasymmetrical

Symmetrical Disubstituted iAmidines

1. From Nitriles through Iminocethers

Pinner's method has been extended to this series by

utilising hizher temperature and longer reaction times
NH NR!

(72,105,13%4,139,181): R-0 +OARNH, —= R-C 4+ NHQE + CHyOm

'OC,Hs \NHR!

2. From Substituted Amides

As described above (p. 16 ), phosphorus pentachloride
scts on a secondary amide, to give an iminochloride (XIII).
If this is reactsed with & primary amine, a symmetrically
disubstituted amidine results (67,129,130,179):

29 pa A RN, L NHR"
—_—— -C

- ———T -

N NHR' SR SNRHe,

Other techniques described include heating the mixture

15



of emide and emine with phosphorus trichloride (72,159),
phosphorus pentachloride, phosphorus oxychloride (26) or
phosphorus pentoxide (157). The isolation of the inter-
mediete iminochloride is thus avoided.

' The seme product results if the substituents in the two

reactants are reversed (26,128,129,130):

4@

) 4+ R'NH, ,
R-C\ NHy ~ SNR' UNR'
R-C, == R-C
,0 NHR' MR
rR-C +  R'NH,
\NHR"

3. Prom Thioamides

This general method (15) can be used by reecting an
N-alkylfhioamide with a primsry eamine:

43

R-Cl e T Ry — R-C

P NR(I
YNR' Hy S

4. From Benzotrichloride

Benzotrichloride can react with aromatic primary
emines in the presence of nitrobenzene to form & symmetric-

ally disubstituted amidine (43,100). The reaction has
beern formulated (82):

. a e RNH, R
R-NH, CHsCCly —> CyHg CaNHR —> C H;COL=NR —> CHsC

S NHR



oD
o)

This involves suhstantially the same mechanism as the
preparation from substituted amides, above,.

5. Mliscellsneous

Meny other methods are described in the literature but
their scope hes not been indicated. Such methods include the
reaction of gysmetricael dialkyl or diaryl urees with acid
chlorides (37,38) and that of anils with alkyl hypochlorites
(65). Some syumetrically disubstituted smidine was also
found among the products of alkylation of li-phenylbenzamidine
with methyl iodide, but the unsymmetrical compound predominated
(145). The reaction of nitriles with orga.iic ammonium sdlte
(124,125) can slso be extended to this series.

Unsymmetricel Disubstituted Amidines

1. From Nitriles through Iminoethers

Pinner's method is appliceble by acting on the iminoether
hydrochloride with excess of & secondary amine (105,134,137,
139):

NH.HC? R ,NH.He
R-C +  _ONM — R-C

+ CyHsOH
\OCJHS R \NRIR"

2. Prom Nitriles and Secondarv Amines

Bengzonitrile and diphenylamine hydrochloride give
I,N-diphenylbenzamidine when heated together (15):

o NH-HCE

~CN -4
+ CH) NN NCHs),



3. From Thigamides |

The method, as previously described, may be used
- by choice of the appropriate secondary amine and primary
thicamide (15); alternatively, a tertiary thioamide may

be treated with ammonie:

4 k .
R-C 4 R-NH
N NH, & \ , NH: Hy3
- c "
e’ e “N-R
\ N‘R" + NHJ ‘R‘

4. From Jjlonosubstituted Amidines

N-phenylbenzamidine, methylated with alkyl lodide,
geve, principally, R-methyl-N-phenylbenzamidine (130).
It was shown (145) that this was accompanied by some
N'-methyl-N-phenyl compound, but that the unsymmetricelly

disubstituted compound was the principal product:

NH NH

? %
~C ) e, #NCH;
“NH-C Hs CHy I MN-Q,Hs /C\
—_——— { + NHC‘Hs.
CH

D. Trisubstituted Amidines

1. From Substituted Amides

There are two possible routes from N-substituted
emides to the trisubstituted amidines. A di-N-sub-

stituted emide (XIV) is treated wiih ohosphorus

Last]

()



pentechloride to give the dichloro derivative (XV) which
with a primary emine forme the trisubstituted emidine (21).
Alternatively, a mono-substituted amide (XVI) is acted omn
by phosphorus pentachloride and the resulting iminochloride
(XVII) treated with a secondery amine, to give the same
product (11,22,72):

o p . RN SNR" Heg
R-¢{ Pl po-w® T po”,
N-R , R SN
pa o R
) &
+© Pess C‘2 . RR'NH »NR"
R-C — R-C =NR —> R-C <g'
\rlqﬂ N<gn
RI!
(X (Xviiy

The intermediate chloro compound need not be isolated,
the amide and emine being heated together with phosphorus
trichloride (72). The use of various ortho-substituted
arometic secondery amines in the second method hes been
investigated (22).

2. Prom Thiocamides

A di-N-substituted thioesmide reacts with a primary
eamine (14):
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3. From Disubstituted Amidines

Bengylphenylbenzamidine treated with methyl iodide gave
a trisubstitution product (11,108):

c//N-chs & NCH; C Hs

”~

O ™ NH-CH G Hs CHyl O “NCH, G, Hy
—_—

With an unsymmetrically disubstituted amidine, alkylatiom

cen manifestly follow only one course:

H
R c//N CHQI

¢N~C‘H3
RN NR'R" “NRR"

However, it has been shown (145) that alkyletion of a

symmetrically disubstituted amidine gives a mixture of two

products:
, ’ "
NR' +NR N
R-c. Sl r-cd ., o+ R-¢] %
 NHR : N-R *NR

CHy
The subject of alkylation is bound up with amidine
teautomerism and is more fully dealt with under that heading.

IVv. PROPERTI®S OF AMIDINES

1. Physical Properties

The amidines and their selts form well crystallised
products, sometimes containing water of crystallisation,
which may not be removed even in vacuo over concentrated

sulphuric acid (5a2). No generalisation can be made

regarding the solubilities of the amidine bases and
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salts, but the bases are usually soluble to some extent in
the lipoid solvents; the salts are insoluble in the non-
polar solvents, benzene, ether, acetone etc., but usually
somewhat soluble in alcohol end water, in which salts of
the weaker bases are sppreciably hydrolysed.

The nitrate is often found to be less water-soluble
than other salts and is sometimes convenient for lsolation
of the amidine. Other groups in the molecule, however,
have a greet effect, hydroxyl or amino increasing the
solubility, nitro having the reverse effect.

Density end refractivity date have been listed for a
number of amidines (6).

2. The Basic Funetion

Amidines are alkaline in aqueous solution and are
mono-acid bases of which the unsubstituted amidines are the
strongest. The basicity veries considerebly and is
aifected by other groups in the molecule. For.example,
p-methoxybenzemidine is & stronger base than smmonie (as
is also benzemidine) and is not precipitated by ammonia
from & solution of its hydrochloride; on the other hand,
p-hydroxybenzemidine and p-nitrobenzemidine bases are
precipitated by ammonia (45). Alkali hydroxide is used

to liberate the free bases oi those amidines thet are



stronger than ammonie.

|
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hydrochlorides, nitrates, sulphates, carbonates, nitrites, ’

Salts of amidines that have been prepared include

formates, acetates, oxaletes, plcrates, chloroplatinates
stc.

Resonance of amidinium cation

The amidinium cetion is formulated by Sidgwick (162)

ag & resonance hybrid:

+

N NH
S e R0l
N NHy NHy

It is thus analogous to the nitro group and the carboxylate
anion, iqhoither of which can any distinction be made

between the oxygen atoms:

Like these two groups, when it is attached to an aromatic

ring, the eamidine grouping is exclusively meta directing.
Burtles and Pyman (27), in 1923, advenced a view of

the emidinium cation which is in agreement with modern

~ resonance theory. They assign the basic character of the

amidine grouping to the imino nitrogen. The evidence for
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this is the basic character of iminoethers which readily
form selts, in contradistinction to the almost complete

lack of basic properties shown by amides.

NH o

/» »© . SNH
- -C -

R=Clor R=C< g R=C\\u,

Iminoether (basic) Amide (non-basic) Amidine (basic)

Since the amidine, which contains both the imino and amido
nitrogens, has strong basic properties, the besic cheracter-
istic can be ascribed to the doubly bound nitrogen stom.
According to the resonance concept, when a proton adds
to the imino nitrogen to form the amidinium cation, the
conditions for resonance ere fulfilled end the two nitrogen
atoms are completely equivelent, the positive cherge being
distributed between them. This is sometimes represented

~NHy
R—c(/ }*
“SlH,

This argument, extended for example to the symmetrically
disubstituted smidines, expleins why, though chemical
evidence indicetes the tautomeric existence of isomers
(XVIII) and (XIX), both give the seme cation on salt

formation:



" DU 3
 NHR

N Taremet
’ _Thurovegs -
e R=C{ g ' RS
WL (
(XVi) )
o ‘ lH, W
i + o . » RN
NHR Resommice c,NHR T
R-C - R- * MR
N NHR" 'j”
e NHR
R R-C’ +
 XNHR'

From this argument on the resonence of the amidinium

ion, it becomes clear how two independent compounds,

N:N-dimethyl-N'-phenyl-benzamidine (XX) end N:N'-dimethyl-

-N-phenylbenzemidine (XXI) both give the same quaternary
ammonium salt withmethyl iodide (145):

lc"‘J
-y ® e,
(%) Oty (XR0)
‘i CHI J(GHAI
. + ,CHy CH.
v Nice“s ; Nicdﬂs
-C N 3 -~ 6
- N
o o
CHy CHy

Since the only difference between the two formulatiomns of
the quaternary salt lies in the electron distributionm,

resonsnce taekes place, and one nroduct is obtained.
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Ehis[ urther indicates that it is the doubly bonded nitrogen

?hicﬂ contains the basic character.

p—

i
3. Tautomerism

' For a monosubstituted or a eymmetrically disubstituted
ami&ine, two formulune cen be written in each case, differing

only in the position of the double bond and of a hydrogen

atom:
NH
¢ ;
- o R-a’ NHy
N NHR' SNR'
!
i NR" "
L d
l. R-C AND R-C ~ NHR
NHR' S NR

i

Hoﬁever, repeated attempts to synthesise the two individual

L
{
|

isémers in & specific case have resulted in identical PTOduCt{

(d6,27,%2.,128,129,130). The type of alternative syntheses
aitemptad‘is exemplified by the work4of Pechmenn (128) who
qgtained fhe same pnroduct from the treatment of benzoyl-p-
}ﬁoluidide iminochloride (XXII) with aniliﬁé ag from the
in‘teraction of benzanilide iminochloride (XXIII) with

p=toluidine

o NH. H
, @ ‘ o
i N NH
__ - 3
Xx)
; N,
o N




This suggests that a protoiropic change occurs between

the two amidine isomers and that a tautomeric. equilibrium is

gat up: R R'
! '
N N-H
e /
R—C\N,‘;—J —_—— R-C\NJ
R R

(R' = H for & monosubstituted nroduct)
Corroboration of the presence of the two forms is provided
by the hydrolysis of symmetrically disubstituted amidines
which gives four products, each tautomer apparently giving

rise to an amide and an amine (111):

c? NR" ﬁ»_ R c/o + R"NH
RS\ e T g *
NHR" H-OH, NHR"
R-c{ — K-c;o + R'NH,.
' NR

This evidence is not conclusive, howéver, as an alternative
mechenism of hydrolysis can be shown (p. 395 ).

More concrete evidence for the formulation of
teutomerism in mono or symmetrically disubstituted smidines
is provided by trestment of these compounds with methyl

iodide which always gives two separable products (145):

" ]
NR NHR u N-R SMR
(R’O? = g-cf ) CHI e_ci v R-C
N NHR' NR NR r:(-g'
CH

(R' = H for 2 monosubstituted amidine)
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In en unsubetituted amidine (R* = R'"' = H), the two
tautomers are equivelent and so are the methylated products;'
this is slso the case when R' = R'', If the two subsequent
groups, R' and R'', are fairly similar (e.g. phenyl and
p-tolyl) the two methyletion products are formed in almoset
equal amounts, However, if the two groups are widely
dissimiler, one tautomer prenonderates in the equilibrium
mixture. So, when treated with methyl iodide, a
symoetrically disubstituted swidine such as N-phenyl-N'-
methylbenzemidine (tautomers (XXIV) and (XXV)), where the
two substituents differ greatly, gives principally (XXVI),
though two methylated products are produced (144,145).

NGH -CH
Va4 NH-C,Hs
CGHS - c\ —_—~ qH5 - c;
()?X_W) NHCH; N CH;
—_— 1 . _XW
cm1$ CHyl (X0
o " e
N- Gy . +NGHs
GH - CHs— €
’ SN CH;, e \N.CH,
T 94 s 6y

Assuming that it is the doubly -bound nitrogen which has the
besic property (27) the methyletion follows the mechanism;

" FH5 ch-’
,/NR //y—R“ /N-R"
R-C —_— R-C¢ T —— R-C,
 NHR' \ NHR' ~ NR'

The conclusion is that, in the cese quoted, tautomer (XXIV)

is the principal constituent of the equilibrium mixture.
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}t is therofore an error to say that only one product is
; form-d in the methyletion of a compound such as N-phenyl-
ﬁ-;é',w¥bcnzamidino (130). Both possible isomers are produoed
but the N:N-disubstituted compound predominates (145):

C CHy
//NC‘,Hsv ,&-C‘Hs éNC“,H; ‘

chs‘c — Cé HS - C“ NH + CGHJ‘ c\‘ N-H

[
Gy

One instance where the two isomeric forms have been
isolated is reported (27) in the case of the cyclic amidine
diphenylimidazole. Addition of a profon to each, however,

forms the same cetion in both casee - a resonence hybrid:

NH B N
H,Cf ) ~CHs ] “,Q@cd's
N .

H
H+

NH ;H :
—
Hscb / H5 HS q’, l;~.l chS
+N ;
H . H

So any attempt to resolve smidine tautomers which

involves salt formation is bound to be unsuccessful.
An interesting extension to the tautomerisﬁ of

amidines is provided by the demonstration of a mobile

hydrocarbon radicle in the thermally stable compound



¥,N-diphenyl-N'-p-tolylbenzamidine (29,30). At 340°0, an
equilibrium is set up:

NGy CHy SNCHs
CHs~ S = GH-e_
':J‘ CHs ﬁ"cb*k
CbH_-; GBH(GH"

4. Analogy to Carboxylic Acids

Amidines have bee:. shown to be completely analogous to
carboxylic acids (33,173), and, #s acids on the ammonia
system, may be termed carbazylic acids; the substitution
produéts ere regarded as esters, In support of this view,
the authors cite various reactions and show their analogy to
those of carboxylic acids. Thus, en hnsubstituted emidine
reacts with metsllic potassium in liquid ammonie to give the
potessium salt end hydrogen:

4 NH ,NH
R-C + K —> R-C + H
™ NH, N NHK

The regction with potassium amide produces the salt and

samonia:

Y

o NH

+ NH,
N NH 5 N\ NHK 3
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The ammonolysis of a substituted amidine (eéfer) in
liquid emmonie is catalysed by ammonium chloride (acid),

exactly as in carboxylic ester hydrolysis:

c”NH + Ny == R c//NH + R'NH
- H; ——— LN 3
R-C\ e d NHy

An even more striking snelogy is provided by the
decomposition of en alkall smidine selt when heated with
sodamide, The hydrocarbon is produced:

NH
R-c7 + NaNg, == RH + (Na),NCN + NH

N NH. Na
It has also been shown that in en amidine which is not
completely substituted, i.e. containing a hydrogen attached
to nitrogen, hydrogen bonding takes place giving associated
forms similar to the carbvoxylic acids (76).

5. Hydrolysis and Ammonolysis

Amidines are generally readily hydrolysed, the ease of
hydrolysis decreasing {rom the unsubstituted to the
trisubstituted compounds. Some unsubstituted emidines are
hydrolysed merely by warming the aqueous solution (139,167):

SNH

o
CHy~C +  QH0 — ’
> TNy 2 HCoy T LN

Generally acid or alkali is used to catalyse the hydrolysis



and en organic solvent may be added for water-insoluble

compounds., Trisubstituted amidines generslly and others
with substituents of high molecular weight require more
drastic hydrolysis.

In spite of the reported eese of hydrolysis of the
unsubstituted amidine grouping, normal alcoholic hydro-
-chloric acid hes been used at boiling temperature to split
out the acetyl grouping in acetoxybenzamidines (35), end
57% aqueous hydriodic acid to demethylete various methoxy
benzamidines (pp.73 113 ).

The following mechenism has been proposed to explain
the mixture of emides and amines formed from symmetrically

disubstituted amidines (111):

o R + R'NH
\ﬁ“ N ¢ <
MR o "~-VNHR" Sl NHR
R-C, - —> R-C-oH

X mt O o
7 NHR' %, s ,
4 . Q;a/ g-c\NHRu + R'NH,

o
-cé

However, tautomerism of the amidine offers an equally good
explanation (p.3© ) and covers the cese of a trisubstituted
amidine, for which the sbove mechanism fails, since this

compound gives only ore emide and one primary emine on

hydrolysis (161):
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The ammonolysis of amidines hes already been mentioned
in the section drawing the analogy to carboxylic acids (p.34 ):

NR" NH
R-a” + NHy == R-c + RNy
NHR' NHR'

On & mass action basis, excess ol ammonia drives the reaction
in favour of the lower substituted product, excess amine in
the opposite direction (14). The aétion, if conducted in
liquid emmonia, is catelysed by smmonium chloride.

6. Heterocyclics

Mention should be mede of the heterocyclic derivatives
of amidines, of which the most important ere the pyrimidines.
Unsubetituted emidines cen react with JB-ketonic esters or
compounds containing & £ -dicarbonyl grouping to form

pyrimidines, e.g.:
cl!H; CHy
- %, N
C‘H’-C‘Nu e + QHgo
: C-cHy G “CH
o ) N 3

Similar reactions occur with the «,f -unsaturated carbonyl
grouping, with cyano esters etc.
Other heterocyclic amidines include imidegzoles (XXVI),

imidazolones (XXVII) end triszines (XXVIII):

N—— CHR'

g Ay
R @ R R '\/L*o R /L) R'

a

(X ( XXV ) XXV )



V. PHARMACOLOGY OF THE AMIDINES

The modern use of amidines as trypanodidal egents has
resulted from a series of coincidences and erroneous
conclusions (55e,71). It was observed (90) that the urine
of animels suffering from pearathyroid tetany, or after
removal of the parathyroid glends, contesined abnormally
large smounts of methylguanidine, NHz.G(:NH)NHGHS. When
this compound was administered to healthy animals, it weas
later found that not only were the tetany symptoms
reproduced, but there was slso a fall in blood-sugar
(hypoglycemic action). This leatter property appeared
potentielly useful in the treatment of diasbetes mellitus,
whose symptom is & high concentration of sugar in the blood
and various workers (60,69,160) conducted investigations to
discover compounds of similar biological action but with
reduced toxicity. Guanidine itself, though toxic, showed
the hypoglyceuic action, end arginine (XXIX) end its
decarboxylation product, sgmatine (XXX), were found to

show similer property.

'\\{Hc NH( )cilw:‘H | Y
C= CH )5 3 /C—NH(CH_,,)‘-M‘_,‘_

NH, NHy NH,

(XXix) (XXX)
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This led to the synthesis of polymethylenediguanidines of
which those with the highest therapeutic retios (maximum
tolerated dose/minimum effective dose) proved to be
decamethylene digusnidine ("Synthalin") (XXXI) end
dodecamethylene diguanidine ("Synthalin B").

NH NH

\ ¢
'~ NH(CH, ) s NH-C
y \
NHg NH,

(Xxxi)

The last-named compounds have been used to some extent
since 1929 for oral treatment of diabetes, but they are
dengerously toxic since they do not act, as does insulin, by
replacement of the body product, but exert their hynoglycemic
action at the expense of damage to the liver (24).

In 1930, the observation was made that trypanosomes,
when grown in ertificisl culture, consumed considerable
smounts of glucose (146), and this led to the investigstion
of the possibility of the use of hypoglyceumic compounds as
anti-trypaﬁosome agents (78). Decamethylene diguanidine
tested in vitro amnd in vivo (in mice) sgeinst various
pathogenic trypanosomes, was, in fsct, found extremely
effective as an anti-trypanosome, but not due to lowering

of blood sugar, since in vitro it showed merked trypeanocidsl
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action in a concentration as low as 1 in 200 millien,

which is quite insdequate to produce appreciable hypoglycemia.
Further, insulin shows no tr&panocidal sction either in

vitro or in vivo. The conclusion which must be drawn is
thet the action of synthelin is direct (97,104).

Research into similer compounds wae stimulated and
King, Lourie and Yorke (86) replaced the guanidine groups
by amidine, preparing a series of diamidines of which the
most effective was l:ll-diamidinoundecane (X£XII). Ashley
eand his collaborators (5) extended the series to aromatic
diamidines end found therapeutic properties enhanced in
many, notably 4:4'-diemidinostilbene ("stil b emidine")
(XXXIII), 4:4'diamidino- &,7 -diphenoxypropane ("propamid-
~ine") (XXXIV) and 4:4'—diamidino-¢§ge -diphenoxypentane

[y

("pentamidine") (XXXV).
NH

N NH NH ' SN

(o) ¢ o -CH= CH- -C,

Ny NHg “ N ™
Hy

(XXXit) ‘ ( XXKir_ )

NH
Ay

JNH NH B #NH
C . \_0(0(-{;)30' -C\ . ,C’ >0’(én‘%-o -C,
f’;-la < / N, ot NH,

(XXXiv) : (XxXv)

It has been recently shown that 2-hslogen derivatives of

4:4'-diemidinostilbene show e higher chemotherapeutic




40

ratio than the oarent compound (54,55b).

Ewine (558) has summ®rised the findinge concerning the
trypanocidal sctivity of the diamidines. Two emidine groups
are essentisl for activity and they must be separated by a
chein of molecular complexity such as indicated above (63).
Alkyl or eryl substitution in the emidine groups usually (but
not always) depresses the trypanocidal aectivity; replacement
of a methylene group in the srometic diamidines by oxygen
(e.g. (XXXIV) end (XXXV)) increasepg the activity, while
replacewent by other radicles ( -NH- , =00- , etc.) or atoms
(-S~) causes & diminution.

Stilbamidine, propamidine and pentamidine have been giveh
clinical trisl with some success in African humen trypenosomiasig
(sleeping sickness), in kala-ezar end in B.canie, a tropical
infection of dogs. In spite of some unfavoursble toxic
reactions, these arugs anpear to be of genuine value, especislly |
pentamidine.

More recentliy, amidinesbhave been used in treating other
tropicel infections such as babesia and leieshmenia (5). Some
use has slso been made of these compounds to clear up wound
infection by external espolication. Amidines here have an
advantage in that, unlike sulphonemides, their sction is not

opposed by pus or p-aminobenzoic acid,
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Other physiological actions of emidines have peon
demonstrated in the pressor efiects of some diemidines eand =
relationship has been proposed beiween this effect and the
basic dissociation constants (56): 1in another direction,
N:N'-bis(p-ethoxyphenyl)-& & ~diethylacetamidine (XXXVI) and
other similar derivatives show locel enaesthetic properties

(85):

-OC, H,
1 7

Hv(.l' - C
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DRYING of SOLVENTS.

A;cohol.
References:- Lund, Bjerruam (107); Tepentiev (170);
Evans, Fetsch (51).

Ethyl elcohol (8.g.0.74 ) 1000ml.

Sodium 15gms.
vWagnesium turnings 5gus,
Jodine 1lgm.

The specific gravity ot the alcohol, found by hydrometer,
was equivalent to 98.6% by weight. The sodium was added and,
when it was completely dissolved, 800ml. of the alcohol were
distilled, showing specific gravity 0.795 (= 99,6% alcohol)
(Note I). The magnesium (Note II) was dried at 120°C and
TOml. of the sodium-drisd alcohol added along with the iodine.
Hydrogen was evolved and the mixture was refluxed on the water-
bath until 211 the magnesium was converted to ethoxide.
600ml. of the sodium-dried alcohol was added and, after an
hour's reflux, the mixturewas distilled, the first 500ml.
being collected. Dry ground-glass appaeratus was used

throughout, with precautions for exclusion of moiature, and
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the final product was stored in a dark bottle, sealed with wax.
4§g§gg I. The sodium-dried alcohol was used in the
ammonolysis of the iminoethers,
II. Megneesium ribbon was equally safilfaotbry ir
first cleaned with emery paper and cut into #"

lengths.

ETHER

Ether was given four consecutive treatments with anhydrous
calcium chloride, and, finally, dried with sodium wire under
cooling. The ether was distilled over fresh sodium and
stored in a dark bottle, whose stopper was sealed with wax.

Ground-glass aoparatus was used.

CHLOROFORM

Chloroform was treated at twenty—four-hourly intervals
with four quantities of calcium chloride, and‘the final drying
performed with phosphorus pentoxide, The chloroform was
distilled in ground glass apparatus and stored in a dark

bottle whose stopper was sealed with wax,
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PART I DERIVATIVES OF p-HYDROXYBENZAMIDINE
THZORETICAL

Reasons underlying Investigation

Following the discovery of the trypasnocidal activity
of the long-chain di-amidines (Introduction, p. 38 ) and, in
particular, that of 4:4'-diamidino-«, ¥ -diphenoxy-propane,
it wes observed that the compound:

' JNH
reC- -O-(CHa)- O~ O\,

/
(¢4

hed considerable amoebicidel action in vitro (35).
Compounds that have been successfully used in vivo in
treatment of amoebiasis include 5-ohloro-?-iodo-&-hydroxy-

quinoline ("Vioform") (I):
(o]}

3

I/m
N

' O @
and the similar di-iodo-compound. These two quinoline

derivatives are substituted phenols containing a basic
centre and this general description applies also to the
long-chain mono-amidine noted above.
Two series of compounds were therefore prepared of
the general formulae:
X
D D
X —
(1) (i
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where R = H, alkyl, haloginoalkyl, phenyl or substituted
phenyl; X and X' = H, halogen or alkoxyl. These compounds
were then tested for amoebicidal action.

Chemnical Notes

Since, in all cases except 2:4-dihydroxybengzonitrile,
the nitriles were readily converted to the amidines by
Pinner's method, the chemical problem generally was the
preparation of the requisite nitriles.

For the simpler compounde, such as p-ethoxybenzamidine
(II), X = X' = H; R = C,Hg) end venillamidine ((II), X -
R=H;, X'= CH30-), diazotisation of the appropriate amine
and addition to cuprocyenide solution (Sandmeyer reaction)
offered a convenient route to the nitriles.

The conditions for replacement of the diazo group by
cyano cannot be generalised and each compound had to be
treated individually. It was not possible to forecast the
optimum temperature, pH, etc., and, in some cases, the
réaction feiled completely. So, for example, it was not
found poseible to make the nitrile 4-cyano-4'-hydroxy-
diphenylether from the amine. The hydroxy-amine was made
but, although it was readily diagzotised, it gave no yield of
nitrile on following the Sandmeyer process or on modification
of the usual procedure. The seme applied to the 2'-hydroxy-
compound. The methoxycyanodiphenylether was finally
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prepared by condensing the potassium salt of the methoxy-
phenol with 4-bromobenzonitrile in the presence of coppbr

catalyst:

" cHO Yok + BO-ON —= CHO( >~o-< D>CON + Kér

The preperation of 4-cyano-2'- and 4Lmethoxydipheﬁy1-
ethers by this procedure is simpler than the methods in the
literature (166,174). The nitriles were converted to the
amidines end it was found possible to demethylate these to
the hydroxy-compounds by cautious treatment with 57% aqueous
hydriodic ecid.

Another useful route to the nitrile, sometimes giving
superior yields, was from the aldehyde through the aldoxime

which was dehydreted with acetic anhydride.

O NH,OH +NOH pq 0
R—CA 2> R-C — R-C=N
NH N

This method was especielly suitaeble for 2:4-dimethoxybenzo-
nitrile for which the syntheses in the literature are less
satisfactory. The dimethoxybenzsldehyde was syntﬂeaised in
very good yield from resorcinol dimethyl ether by the action
of anhydrous hydrogen cyanide in presence of zinc chloride and
hydrogen chloride (Gatterman's method).

The brominated hydroxybenzonitriles were most readily
made by direct halogenation of 4-hydroxybenzonitrile, which




was produced in some quantity from 4-amino-phenol since it
was also the starting material for 4-(,3 -bromethoxy)-benzo-
nitrile. For this latter nitrile, excess ethylene dibromide
was refluxed with sodium 4-cyasnophenate, but the yield was »
always low since the reaction proceeded further to some
extent according to:

BrCH,CHyBr + I Na o.< > —— N;C-< »O CHy OH, O- dON

ingtead of following the desired course:

Br COH,CH, Br  + mo®c~—+ BrCﬁcrgchN

The generel procedure for the conversion of a nitrile
to an amidine consisted of treatment of the dry compound
with alcohol and hydrogen chloride to form the iminoether
hydrochloride which produced the amidine with alcoholic
ammnonisa, Ethyl alcohol was used in every cese and an
excess can be used as solvent, but it was usually more
convenient to use an inert diluent such as ether, chloroforﬁ,
benzene, nitrobenzene or dioxan (87). In any event, both
the alcohol and diluent had to be rigorously dried. Thé
solution (or suspension) of nitrile in the slcohol and
diluent wes saturated at 0° with hydrogen chloride, dried
by passage through concentrated sulphuric acid. The
reaction was complete after two days, the iminoether salt
usually crystallising, elthough, occasionally, the hydro-
chloride remained in solution (e.g.4-nitrobenziminoethyl
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ether hydrochloride). The violet colour which frequently
developed in the prepaiation wag due to impurities in the
alcohol (44). The iminocethser salt wes not usuelly purified
but was either filtered and washed with dry diluent or the
solvent and excess hydrogen chloride removed under reduced
préssure. |

The emmwonolysis of the iminoether hydrochloride was
conducted by heating under pressure with saturated alcoholic
gmmonia for ten to fifteen hours at about 40°C (thermostat).
The amidine was isolated ss the free base or as a salt; the
hydrochloride wes prepared by saturating the aqueous or
elcoholic solution with gaseous hydrogen chloride and the
nitrate by addition of strong squeous ammnonium nitrate to a
solution of the hydrochloride.

2:4-Dihydroxybenzonitrile did not undergo these reactions
but the ceuse was not the "ortho effect " (Introduction,p. 6 )
since 2-hydroxybenzonitrile reacts normally (46). 2:4-
Dimethoxybenzonitrile, however, gave the amidine smoothly and
demethylation produced the dihydroxybenzamidiné.

Biological Totes
The bascteriological in vitro tests on the above series

of compounds were performed by iessrs. 1.C.I. (Dyestuffs

Division), Blackley, Manchester.,
All the compounds showed only slight activity by

comparison with emetine hydrochloride.




PART I

EXPERIMENTAL

4-Hydroxybenzamidine Derivatives:-

Preparation of Compounds
Biological Tesats
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PART I =~ DERIVATIVES of p-~HYDROXYBENZAMIDINE.
p-ETHOXYBENZAMIDINE .

Outline of Preparation

p-Phenetidine was diezotised and converted to the
nitrile which gave the amidine.
p-ETHOXYBENZONITRILE

Reference:- Eberhardt (47).

Diazotisation p-Phenetidine 50gme,
conc, HC1 95ml .
in water 350ml.

Sodium nitrite 26gns,
in water 250ml.,
The amine was dissolved in the acid with warming and
then cooled to 0°C with stirring to ensure precipitation of
the salt in a fine state of division. The nitrite solution
was run in at 0-5° until the end of the reaction wag indicated

by starch -KI paper. The filtered solution was clear and

colourless.
Sandmeyex Copper sulphate, 5H,0 46gus.
in water 200ml .
‘Potassium cyanide - TOgms.

in water 100ml.



The copper sulphate and cyanide solutions were mixed

under a good draught and the brown solution maintained at

90°C as the diaszonium solution was added over fifteen

minutes with stirring. Nitrggen was freely evolved and,

-~

after heeting for thirty minutes on the steam-bath, the

mixture was steam distilled. The nitrile was filtered from

the distillate, dried, and distilled under vacuum, the

fraction boiling 180-90°C/15mm. being collected.
67-89C (1listed - 69°C). Yield 23gms. (434%).
p-ETHOXYBENZANIDINE

Reference:- Eberhardt (47).

Iminoether p~-Ethoxybenzonitrile 12gnms.
Ethyl alcohol (Mg dried) 30ml.
Ether (Wa dried) 30ml.

M‘PI

The nitrile was dissolved in the alcohol and ether and

the solution maintained at 0°C as hydrogen chloride, dried
through concentrated sulphuric acid, was passed in to

satureation with precautions for the exclusion of atmospheric

moisture. The solution was allowed to stend overnight and,

after re-saturation, left for enother twenty four hours.

The dark red solution was evaporated at 40°C under water-pump

)
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vacuum and the crude iminoether hydrochloride obtained as a
red powder. |

Amidine Iminoether hydrochloride (from above)
Ethyl alcchol 350ml.
Aumonia gas.

The alcohol was saturated with dry ammonie at O°C, the
iminoether salt added, and the solution heated in a sealed
bottle at 40°C for twelve hours. After the solvent was removed
at 40°C by water-pump, the yellow residue was dissolved in
dilute hydrochloric scic and warmed with activated carbon. The
process was repeated and the solution finally clarified by
filtration through sinterdd glass,

To form the hydrochloride the solution was maintained at
0°C as it was saturated with hydrogen chloride and the selt so
precipitated filtered and washed with hydrochlorie acid, then
dried in vacuo over sulphuric scid. #.P. 260°C (listed - 260°).

Part of the.solution wag besified with strong sodium
hydroxide solution with cooling andthe resulting free base
filtered on sintered glass and washed with water, The compound’
was recrystallised frombenzene. .2, 104°¢.

Total yield (as free base) 9gms. (67%).

i
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4$E~€BROMOETHOXY2-BENZAMIDINE

Outline of Preparation

4-Hydroxybenzonitrile, prepared from p-aminophenol, is
treated with ethylene dibromide in alkaline solution and the
resulting 4( P -bromoethoxy)-benzonitrile converted to amidine.

4~HYDROXYBENZONITRILE

References:- Ashley (5b) from 4-sminophencl; isolation

according to Ellingworth'(49).

Diezotisation 4-aminophenol hydrochloride T5gnms.
Hydrochloric acid (conc.) 110ml.

in water 400ml.

Sodium nitrite 40gns .,
in water 400ml.

Sodium acetate (hydrated) 200gms.

The aminophenol was dissolved in the hot acid, cooled with
stirring and diazotised at 0% over twenty minutes. When the
reaction was complete to starch - XI paper. sodium acetate was ,
sdded until the solution was neutral to congo red (pH 3-5) and fg

sslntion filtered.

Sandmeyer Cepric sulphate, 5H,0 200gms.
in water 700ml.

Potaessium cyanide 200gms,

in water 400ml.

Hydrochloric acid (conc.) 700ml.
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The cyanide solution was slowly added to the copper
gsulphate under a good draught, until a clear solution
resulted. The temperature was mainteined at 85-90°G ags the
diazonium solution was added over twenty minutes, with good
stirring, nitrogen being briskly evolved. After s further
fifteen minutes at 90°C and cooling to room temperaturs,
excess hydrochloric acid was added, the precipitated solid
filtered, and the filtrate extracted with ether. The solid
material was exhaustively extracted with ether and the total
ethereal solution washed three times with saturated sodium
acetate solution. The compound precipitated, which
contained copper, was filteréd, and the ether solution
washed with water, dried over sodium sulphste, and
evaporated. The residue was refluxed for en hour with
benzene (400ml.) and filtered hot from tarry meterial.

The solution was boiled for thirty minutes with lgm.
of decolorising carbon and the benzene evaporated. The
residue was distilled in vacuo (3.P.158-65°/3mm.) and
finelly recrystallised from dilute alcohol. .P.112°¢C
(1isted - 113°). Yield 29gms. (47%).
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4 ( £ -BROMOETHOXY ) ~-BENZONITRILE
References:- Ashley (5c) modified by Ellingworth (49).

4-Hydroxybenzonitrile 6gne,
Ethyl alcohol (absolute) 65ml.
Sodium 1.2gms,
Bthylene dibromide 18.8gms. (8.7ml,)

To the solution of hydroxyhenzonitrile in alcoholic
sodium ethoxide, ethylene dibromide was added and the mixture
refluxed for five hours on the water-bath, After filtering
the sodium bromide and precipitated 4:4'-dicyanodiphenoxy-
-ethane, the alcoholic solution was concentrated and diluted
with water. Sodium hydroxide solution was added to pH 8
(Thymol blue) end the oil extracted with ether. After
filtering more of the dinitrile, the extrsct was washed with
alkali and water, dried over sodium sulphate, and the ether
evaporated. The residue was dissolved in the minimum
elcohol, boiled with decolorising carbon, filtered, and
cooled in ice as a large excess of ice-water was added. The
emulsion crystallised on standing to white needles which were
filtered, washed with water, and recrystallised. M.P. 59°C
(1istea - 61°c). Yield 3.2gms. (30%).
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4 ( B -BROMOETHOXY ) ~BENZAMIDINE

Iminoether 4( p -Bromoethoxy)~-benzonitrile  10gms,
Ethyl alcohol (Mg dried) 20ml.
Ether (Na dried) 30ml.

The solution of nitrile in alcohol-ether was saturated
with dry hydrogen chloride at 0°¢ on two separate days and
the solvents removed at 40°U at the water-pump on the third.

The residue consisted of a white crystaliise molid.

Amidine Iminoether hydrochloride (from abovse)
Alcohol (Na dried) 300ml,
Ammonie gas.

The iminoether hydrochloride was added to the alcohol
saturated with dry ammonia at 0°C and heated under pressure
st 40°C for fifteen hours, after which the solvent was
removed 8t the water-pump at 40°c. The residue was found
to be insoluble in alcohol, ether, bengzene, etc., and only
partially in water. From the aqueous extract, sodium
hydroxide produced an unsatisfactory, oily precipitate.

The substance (amidine hydrochloride) wes finally recrystall—!
-ised from hot nitrobengene, in which it is slightly soluble,l
being deposited as small white needles, decomposing at 250°¢,
Yield 5.2gms. (42.6%).




Anslysis
c

H
N

FPound

38.6%

4,38
9.1

Br + Cl 40.5

IS P

. Reguired by GgH, ,ON,01Br

38, 6% (hydrochloride)
4.29

10.0
41.3

v
RN




57

=(2'-HYDROXYPHENOXY~) BENZAMIDINE

Qutline of Attempted iMethod A.

The potassium salt of guiacol was condensed with
p-chloronitrobenzene and the resulting diphenyl ether derivative
reduced and demethylated to the aminophenol. It was proposed
to convert this to the nitrile by the Sdndmeyer method and
hence to amidine.

O oOm— Qe O
“OcH,

*OCH;s

. -

. -.‘.14,‘;-_’4

OH { ul
OH [

The nitrile could not be formed by this method.
4-NITRO-2 ' -iETHOXY DIPHERYT, ETHER

References:~- (25) - for this compound, (23) and (166) for
similar preparations of 4-nitrodiphenyl ether
and 4-nitro-4'-methoxydiphenyl ether.
Catalytic copper according to (23). General

procedure - (59).

Copper catalyst:~  CuSO,.5H,0 10gms.
: Zn dust 3.5gms. (excess)
Water : 35m1 .
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Zinc dust wes added to the copper sulphate solution and
the precipitated copper washed by decantation with 5%
hydrochloric acid to remove excess zinc. When the evolution
of hydrogen ceased, the copper powder was filtered, washed
and stored under water.

Satisfactory results were also obtained with commercial
copper bronze. This was treated with 30% nitric acid for
one minute and the powder washed by decantation with water.
It was filtered and washed with acetone, being euoggd dry on
the filter.

Note:- Copper bronze is not always a satisfactory substitute
for the speciaslly prepsred catalyst (59).
Nitromethoxydiphenyl ether Guiacol 100gms. (l.1lmol.)

Stick KOH  38gus. (1 mol.)

4-Chloronitro-
-benzene 120gms. (1 mol,)

Copper catalyst 0O,5gms.
Enough water was added to the alkeli to form a clear
melt at 200°C, which was mixed with the guiacol when the
température had fallem to 100°G. The cetalyst and

chloronitrobenzene were added (temperature 110°C) and, after

five hours reflux on the oil-bath (internal temperature 210%)
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‘the mixture was cooled to incipient orystallisation and
poured into 5% sodium hydroxide containing ice. After
further trestment with alkalli to remove excess guiacol, the
residue wag washed with water, dried in air eand distilled
under vacuum, the fraction boiling 230-4°C/25mm. being
collected. Recrystallisation from alcohol gave pale
yellow needles. il.P.104-5°C (listed - 106°). Yield
100gus. (56%).

Attempted Demethylation to 4-nitro-2'-hydroxydiphenyl ether.

Reference:- (25) - uses of hydrobromic acid (48%) / ao;tic
acid, but no details given. {
4-nitro=-2'-nethoxydiphenyl ether 5gms.
Hydrobromic acid (48%,s.8.1.4) 10ml.
Glacisl acetic acid 10ml.
The methoxy-compound was refluxed with the hydrobromic-~
-acetic acid for six hours, but only starting meterial was
obtained on dilution. Reference (25) gives no indication

of quantities.

4-AMINO-2 ' ~HYDROXYDIPHENYL ETHNR

previously
Reference: -~ Thig compound has not beexn/prepared, but

gsimultaneous demethylation and reduction of

2-nitro-2'-methoxydiphenyl ether by use of



574 hydriodic acid has been described (34).
4-Nitro-2'-methoxydiphenyl ether 10gms.

Iodine l2gms.
Red phosphorus l2gms.
Water 20 ml,

The mixture was refluxed gently until ell the nitro compound
had gon§ into solution (60 mimutes), filtered hot through
scid-resistant paper, diluted and allowed to cool. A 1little
- meterisl which separated was‘filtered and excese ammonia to
- the dark solution precipitated a solid which was filtered
after fifteen minutes, washed with cold water and recrystall-
-ised from alcohol. Colourless needles, M.?,170°C (not listed).
The compound is soluble in acids and alkalis, but not in
ammonia; the acid solution, on treatment with nitrous acid,
gives a solution‘which couples with alkaline. ﬁ-—naphthol
to form a brillient red dye. The free base is slightly
soluble in water and the solution turns blue due to atmospheric
oxidation:.. Yield, as free bése, 5gus. (61%).
Note:~ Hydriodic acid (57%, s.g.1.7) was used instead of
phosphorus end iodine for some runs, giving almost
the same yleld, but the method described is more

convenient,



Attempted Conversion to 4-cyeno-2'-hydroxydiphenyl ether.

This compound has not been previously prepared.

Diagzotisation
' 4-Aming-2'-hydroxydiphenyl ether  8gms.
Hydrochloric acid (s.g.1.16) 20ml,
in water 200ml,
Sodium nitrite 5.6gns,
in water 50ml .

The amine was dissolved in the hot dilute acid and

cooled with stirring to -5°G, when the nitrite solution was

run in below the surface of the solution at such a speed that
the tempereture did not rise above 0°. The end-point was
indicated by starch-KI paper and a little brown flocculent
metter was filtered, piving & clear yellow diazo solution. A
sample coupled with alkaline ﬁ-naphthol gave & brilliant scarld
dye. Excess nitrous acid was destroyed by urea, the solution
neutralised (congo red peper) with hydrated sodium acetate and

refiltered.

Sandmeyer Copper sulphate, 5H20 10gms.
Potassium cyanide 1lOgms.
Water . 100ml.




A. The cupric sulphate was dissolved in the warm water
and the solid KCN added under a good draught. A,clear brown
solution resulted which was maintained at 80° as the diazo
solution was slowly run in with stirring. The solution was
kept at 80-90°until no more nitrogen was evolved end then
filtered leaving a considerable amount of tarry meterial,
from which no product could be extracted. The filtrate was
acidified and extracted with ether, which was dried over
gsodium sulphate and evaporated, but only tarry material
remained, from which solvents failed to sepsrate any nitrile.

B. The diazotisation and Sandueyer were repeated, both
solutions being cooled to 0° and mixed at that temperaturs.
The solution was allowed to warm up to room temperature and
left for four days, until no nmore nitrogen was evolved.
Extraction as in (A) gave only tar.

C. The acetate buffered diazo solution was added to
the cuprocyanide at 0° end the mixture warmed on a water bath
to 80° during one hour. Result was as before.

D. The diazo solution was added to a solution of 1Ogms. |
ECN in 100ml. water and 3gms. copper powder stirred in, The

solution was warmed on the water bath, but very little




nitrogen was evolved., Extraction as before gave no nitrile.

E. The diazo solution was run into the cuprocyanide on
the surface of which there was a layer of 100cc ether, to
extract the nitrile as produced. Good stirring wae applied |
during the reaction. Evaporation of the ethexr gave only tar.?

F. The diazonium solution was neutralised as before andi
added to a solution of potassium nickelocyanide which was |
warmed to 80°C. Ether extraction gave no product.

From the above results, it is seen that, although the
aminohydroxydiphenyl ether dlazotises quite smoothly, the

conditions for the conversion to nitrile were not found. ;

. .




~(2' -HYDROXYPHENOXY-) BENEAMIDINE

Qutline of Attempted Method B.

Sodium 4~cyanophenoxide was heated with chloromitro=-
~-bengene and it was proposed to reduce the nitro-oyano
compaund to the amine, which could be converted to the

hydroxy-cyano derivative.

- aQC@ + NaO( >CN — L >-O-< >CN — :‘,yQ-o-}
\N°= ‘NO‘ \NHa

Attempted Preparation of 2-nitro-4'-cyanodiphenyl ether

4-Hydroxybenzonitrile l2gms.

Sodium 2.5gmse.
Alcohol 50ml.
4-Nitrochlorobenzene 16gms.

Copper catalyst (p. 57 ) 0O.lgm.
The hydroxybenzonitrile was dissolved in the alcoholic sodium
ethoxide, the solution evaporated to dryness on the water bath
and the resulting sodium salt dried at 120°C in the air oven.
The nitrochlorobenzene was melted in an oil bath with the
copper catalyst, the powdered phenate added with shaking
and the mixture heated at 210° for 3% hours. Much
carbonisation ensued and extraction with boiling alcohol
gave only unchanged nitro compound. No diphenyl ether

derivative waes found.
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4-(2' -HYDROXYPHENOXY~) BENZAMIDINE
Outline of Wethod C

4-Bromobenzonitrile, prepared from bromoaniline, was
treated with the potassium salt of guiacol and the resulting
cyanomethoxydiphenyl ether converted to amidine which was

demethylated to the hydroxy compound.

WO = KO X =
/ /

OCH; OCH,

4 -BROMOANILINE

References:- (64)- by direct bromination of aniline;

(68,147)~ bromination of acetanilige with
subsequent hydrolysis (75).
Direct bromination of aniline in glaciael acetic acid

was found to be unsatisfactory since much dibromo compound

was produced.




4-Bromoacetanilide Acetanilide = 270gms. (2mols.)
| in Glacial
acetic acid 500ml.,
Bromine - 320gms, (105ml.)
in Glacial

acetic acid 700ml.

The acetanilide in acetic acid was cooled to room
temperature and the bromine solution introduced over thirty
minutes, with good stirring. The temperature of the
solution rose shortly after all the bromine had been added,
the mixture became semi-solid and was stirred mamuelly for a
further thirty minutes, then added in portions to four litres
of cold water, with which it was stirred for fifteen minutes.
After settling, the white product was filtered with suction
and washed with cold water, being pressed as dry as possible
on the filter. It was immedietely hydrolysed, but a small
sampie was dried between filter papers and consisted of fine
white crystals, 4.2, 167° (listed - 167°).

Hydrolysie to bromoaniline

Bromoacetanilide 2 mols,
Potassium hydroxide 114 gms.
in water 250ml .,

Ethyl alcohol 500ml.




/!
/ duspension of bromoacetanilide in the alcohol, and, after

A

The potassium hydroxide solution was added to the

thirty six hours reflux on thesand-bath, the mixture was

poured into 4 litres of cold water. The precipitated oil

was stirred and soon solidified, being then filtered and
washed free of alkali. The crude amine was not purified
but converted directly to the nitrile. Yield of orude
p-bromoaniline (air-dried) 350gms. (99%). i.P, 58=61°
(1isted = 67°). The main impurity was (unchanged)
p-bromoacetanilide.

4-BROMOBENZOWITRIL .

References: (112) - from amine with cuprocyanide;

(91,92) - use of nickelocyanide.
Diagotisation 4-Bromoaniline (crude) 200gns.

Hydrochloric acid (e.g.1.16) 290ml.,
Sodium nitrite 8lgus.
in water 300ml..

@]

The amine was dissolved in the hot acid and cooled with

stirring. When the mixture had reached room temperature
thevolume was made up to approximetely 800ml. with crushed

[ ]

-
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ice, and the nitrite golution added over fifteen minutes, the
temperature not being allowed to rise above 3°C. When the
end-point was indicated by starch-KI paper, the solution

was filtered from about 10gms. of bromoacetanilide, Ii.P.
167°C. The filtrate was cleer yellow eand a sample coupled

with alkaline [-naphthol to give a red dye.

Sandmeyexr Wickel chloride, 6H,0 160gns.
Potassium cyanide (technical) 380gms.
water 1000ml.

The nickel chloride was dissolved in the water at 80°¢
and the powdered cyanide wdded with stirring. Heat was
evolved and the nickel cyanlide re-dissolved to a clear
light brown solution which was maintained at 80° with
atirriné during the addition of the diazo solution and
until the evolutioé of nitrogen ceased about fifteen
minutes after the addition was éomplete. The solution was

rendered acid with hydrochloric acid end the precipitated
solid filtered. On cooling, the filtrate deposited some

materiel which was added to the original residue and the

whole distilled in & current of steam. The nitrile s
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which corystallised in the condenser and condensate as white
needles was collected, washed with cold water, and dried in
a vacuum desiccator over sulphuric acid. Yield 1l1l6gms.
(55%4) 1.P. 113° (listed - 113°).

Note:~ Cuprocyanide gives an inferior yield.

4=CYANO=2 ' =METHOXYDIPHENYL ETHLR

References:- (174) - from the aminomethoxy compound by

cuprocyanide solution (yield 30%) or through
iodo compound (yield 414#). 4.P. 93-4°¢.
(5b) - 4-cyanodiphenyl ether from potassium
phenate and 4-bromobenzonitrile (yield not
stated) and 4:4'-dicysnodiphenyl ether from
sodium 4-cyanophenate and 4-bromobenzonitrile
yield 37%).

Guaiacol 25gus. (4 mols.)
KOH (Stick, 85%) 3,5gms., (1 mol.)
p-Bromobenzonitrile 9.1gms. (1 mol,)
Copper brongze (p.5&) Olgm.

The alkali was dissolved in the molten guaiacol and the
solution heated till the temperature immediately above the

surface was about 130°c.
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When the mixture had cooled to 1oo°c, the copper bronge and
bromobenzonitrile were added and the flask heated in an oil
bath under an air condenser. When the bath temperature
reached 16000, a reaction was initiated which continued
spontaneously for five minutes efter the flask was removed
from the bath, Crystels of potassium bromide were seen to
separete and the internal temperature rose to 210°C. After
reaction had subsided, the mixture was refluxed for a
further thirty minutes and the melt, esfter cooling to 1090,
wag poured into cold water aad ground. The whole was
extrected with ether and the bulked extracts washed with
dilute sodium hydroxide solution until free from guaiacol.
After wasiing with water and drying over anhydrous sodium
sulphate, the ether was distilled oif and the residue taken
up in hot alcohol. The nitrile crystallised as short
white rods, i.P.88-91° and, after.purification by vacuum
sublimation, (180°C/2mm.) showed .P. 92-93° (listed -
93-4°C).  Yield 4.5gms. (40%).

Notes: Copper catelyst is not mentioned in reference (5b)

but its use decreases the time of heating from six
to less than one hour, so thet much less hydrolyeis



of the nitrile group occurs.

The excess of guiacol acts as solvent and
depresses hydrolysis of the nitrile.

The crude cyanomethoxydiphenyl ether contained
no halogen, |

Attempted demethylation of 4-cyano-2'-methoxydiphenyl ether.

4-Cyano-2'-methoxydiphenyl ether . 2gns,
Hydriodic acid (57% s.g. 1.7) 10ml.

The methoxy compound was refluxed with the hydriodic acid
until & saumple was completely soluble in cold dilute sodium
hydroxide (fifteen minutes). An extract was made with ether
and washed with dilute ammonia, but, on evaporation, gave
only a small quantity of unchanged starting material.

Hote: Hydriodic acid has been used to hydrolyse the
cyanomethoxy compound to the hydroxycarboxylic acid
(174).

4-(2' -\ ETHOXYPHENOXY~) BENZAMIDINE

Iminoether 4-~Cyano-2'-methoxydiphenyl ether 9gms.
Ether (Na dried) 40ml,
Ethyl elcohol (Mg dried) 10ml,
The nitrile was dissolved in the ether-alcohol and dry'
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hydrogen}chlorido paesed into the mixture at 0%. The
nitrile tended to crystallise on cooling, but a vigorous
stream of ges prevented formation of large crystals and
the suspended solid graduslly passed into solution,
forming e clear red liquid. With the usual predautione
for the exclusion of moisture, hydrogen chloride was
passed in on two days and on the third the ether was
evanorated at 40°C under vacuum, leaving an almost white
crystalline solid. This residue had & pleasant smell
and melted at 155°C with evolution of gas, resolidifying
- almogt immediately and remelting at 157°% (probably amide)
After cooling, the compound remelted smoothly at 15700.
Amidine Iminoether hydrochloride (from above)
Ethyl alcohol (Na dried)  150ml.
Ammonie éas.
The alcohol was saturated at 0°C with dry ammonia,
the iminoether hydrochloride added and the sealed pressure
bottle placed in a bath thermostatically controlled at f
40°%. Ammonolysis for fourteen hours gave a yellow f

solution which deposited & little crystalline materiel on
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cooling. The solvent was removed under water-pump vacuum
at 50°C and the residual brown oil taken up in 50ml. water
containing a few drops of hydrochloric acid. After treatment
with decolorisiny carbon at 40-50°C the solution wes cooled
to 0°C end excess s.umonia (s.g.0.88) added. An oil which'
was thwvown out solidified on stirring and the emulsion
rewusining crystallised after thirty minutes as long white
needles which were filtered on sintered glass and washed with
cold water. The base was dried in vacuo over sulphuric acid.

.P.148-51°, Yield bgms. (62%). Base is slkaline to litmus.

Analxsis Found | Regquired by’014§1492§2 (base)
c 69.24 69.4¢
H o 5.69 5.77
N 11.8 11.6

Before attempting to demethylate, this compound,
experiments were made with 4-methoxy-benzemidine.

Demethylation of 4-iethoxybenzsmidine.

No reference could be found to the demethylation of
methoxy-benzamidine, so & number of small scale tests were
carried out. The test substance weas 4—methoxybenzamidine

hydrochloride (prepared by G. Dunn) and a semple of i
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4-hydroxybenzamidine was also available for comparison. The
deé%hylating reagents tested, in & qualitative manner, were
aqueous hydrochloric, hydrobromic and hydriodic acide and
hydrogen bromide in acetic acid. The only successful
dencthyleting agent was the constant boiling hydriodic acid
(574, B.P.127°C).

Nemethylaetion:-  4-iethoxybenzamidine hydrochloride 5gnus.

Hydriodic scid (57%, s.g5.1.7) 20md,

The amidine hydrochloride end hydriodic acid, in an open
conical flask (100ml.), were gradually heated to boiling
and gentle boiling continued for five minutes. After
dilution to 200wml. with water, the solution was filtered, a
small brown crystalline residue discarded, znd excess ammonia
added to the clear, darx solution. After a few minutes, a
considerable amount of a finely crystalline material separated
and wes filtered and dried. The crystals were white needles,
M.P.229—231°0, while 4-methoxybenzewidine base is not
precipitated by ammonis end melts at 112°C (102). Dunn (45)
gives ii.P. of 4-hyaroxybenzamidine bsse as 229-230°C and a
mixed melting point of the product of demethylation with
authentic 4-hydroxybenzamidine base showed no depression.

The demethylated base was soluble in dilute acid or alkali

|
i
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and séluxions of its hydrochloride gave an immediate white
orystalline precipitate with ammonium nitrate, while the free
base was precipitated by ammonia,

4-(2' ~HYDROXYPHENOXY~)BENZAMTIDINE

4-(2'-ilethoxyphenoxy-)benzamidine base  3gnms.
Hydriodic acid (57%, s.8.1.7) 30ml.

The methoxy compound and the freshly distilled acid were
slowly hested to boiling point in en open vessel and gently
boiled for ten minutes. On dilution to about 100ml, with
cold water, a brown crystalline hydriodide precipitated and
was filtered and washed with water. Addition of esmmonia to
the filtrate formed a small discolouied precipitete. The
hydriodide was suspended in 20ml. water snd excess smmonia
(8.8.0.88) added. The discoloured solid which precipitated
was iiltered sud weshed with dilute snmonie till the filtrate
was free from iodide, then re-dissolved in dilute escid and
treatea with carbon at 60°C to give a clear zolution from
which the nydrochloride of the amidine sepurated as an oil on
cooling. Sodium hydroxide solution gave & precipitate ;ﬁ
which redissolved in excess. Saturated ammonium nitrate wéh.

added to the solution of hydrochloride and the amidine'nitrdu
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was precipitated as en oil which crystallised in a few
minutes as small rectangulear plates. The nitrate was
recryestallised from weter at 60°C end filtered on sintered
gless, washed with water and dried over sulphuric acid under
vacuum. The nitrete is slightly soluble in cold water and
the solution gives the brown ring test for nitrate ion.

Yield 1.5gms. (424) M.P. 164-166°C.

Anelysis Found Required by 013§1395§5 (nitrate)
4.51 . 4.47

N 13.9 14 .4

Wi e Ly
YookERE AR T Bt s
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:—s4'HYDROXYPHENO&!-)BENZAMIDINE

Qutline of Preparation

The potassium salt of 4-methoxyphenol, prepared from
hydroquinone, was condensed with 4-~bromobenzonitrile and the
resulting methoxycyanodiphenyl ether converted to amidine

end dewethylated.

CH;O QOK + Brg YCN ——> C&O®~0-< >CN

4 - THOXYPHENOL
References: A (70) (172) - methyl iodide with

mono-potassium salt of hydroquinone.
B (148) - sodium salt of hydroquinone treated
with dimethyl sulphate in hydrogen atmosphere.
Wethod A.
Hydroquinone 56ans .
Potassium hydroxide Zngs.
Hethyl iodide 28ml. (64.5gms.)
Wethyl alcohol 250ml .

The methyl iodide was added in one quantity to the

methyl elcoholic solution of the potassium phenate and,



after refluxing on the water bath until the mixture was no
1onger alkeline (3-4 hours) the alcohol was evaporated.
Steam distillation of the residue removed the dimethyl ether
(plates, 1.P,.56°C) end the non-volatile material was extracted
with ether giving a brown oil which was digested with benzene,
and the insoluble hydroquinone filtered. The benzene was
evaporated and the product distilled at atmospheric pressure,
B.P.240-5°C (listed - 242°C). 1.P.49°C (listed - 53°C).
Yield 17gms. (27%).
Method B.

Hydroquinone T8gms.

Sodium hydroxide  7lgms,

Dimethyl sulphate 85.5ml1., (1l2gms.)

wWater 500ml.

Hydrogen gas.

The aqueous solution of the alkali was cooled to 12°%

and the flask filled with hydrogen from & cylinder. The
hydroquinone dissolved to an almost colourless solution,
which was immersed in crushed ice and stirred while the

dimethyl sulphate wes added in one quantity. After five




minutes, the temperature of the solution being kept below
15°, the dimethyl ether was filtered and washed, The
filtrate was acidified and cooled in & freezing mixture
for one hour, after which the precipitated monomethyl
ether was i'iltered and washed with ice water, The
filtrate was extracted repeatedly with ether, and, after
drying over sodium sulphate, the solveunt was evaporated.
The yield of monomethyl ether was bulked and distilled at
ordinary pressure, the Ifrection boiling 243-246°C being
collected, and solidifying in the receiver. M.P.52-54°0
(1isted - 53°C). Yield 58gms. (66#4). Dimethylether
#.2.56%, yield 23gms. (24%).
Note:- An inert atmosphere of nitrogen functioned equally
well.
4 -CYANO-4 ' - isTHOXYDIPHENYL ETHER

Reference:- (166) - two methods described, (o)
4-Jlethoxydiphenyl ether was converted to the
4'-aldehyde by the Gatterman method which was
converted to nitrile through aldoxime. (b)
Potassium 4-mwethoxyphenate and 4-bromonitro-
-benzene give the nitromethoxy diphenyl ether
which is converted to nitrile through the
amine., Overall yield - 12,57, M.P.IOSOC.
See slso (%b) end p. ©9 .




The method described below is less involved than
either of these two methods, but has not been previously
described.

4-Methoxyphenol 25gms. (4mols.)
Potassium hydroxide 3.5gms. (1lmol.)

(85%) .
4-Bromobenzonitrile (p.67) 9.lgms. (lmol,)
Copper bronze (p.$8 ) 0.1lgm.

The solution of alkali hydroxide in the phenol was
heated till the temperature immwediately above the surface
was 13000, when the copper bronze and bromobenzonitrile
wag added, and the mixture heated under en air condenser on
an oil bath. Frothing took nlace and some ammonia was
evolved by hydrolysis of the nitrile and, when this side
reaction has subsided, the internal temperature was raised
to 210°% at which it was meintained for 90 minutes, during
which potassium bromide was seen to separate. The melt,
cooled below IOOOG, was treated with cold dilute alkali
with which it was triturated. The residue was extracted
with ether which, after washing with alkali and water, was
dried over sodium sulphate and evaporated. The regidue

was crystallised from alcohol afier treatment with charcoal
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and sublimed under reduced pressure (180°C/2mm.). White
orystals, 4.P.108°C (listed - 109°C). Yield 3gms. (27%).
4-(4'~METHOXYPHENOXY - ) BENZAMIDINE

Iminoether
4-Cyano-4'-methoxydiphenyl ether 3gms.,
Ether (dried over Wa) | 30ml.
kthyl alcohol (kg dried) 5ml.

Dry hydrogen chloride was passed into the solution of
the nitrile and alcohol in ether at OOC, with precsutions to
exclude moisture. The mixture was saturated on two days,

s dark red solution being formed, which, on evaporation at
40°C under vacuum, left a2 somewhat discoloured solid which
melted with evolution of gas over the range 110-120°,
resolidifying and re-melting 178-180°C.

Amidine
Iminoether hydrochloride (from above)

Ethyl alcohol (Wa dried) 150ml,
Ammonie gas, |
The ammonia gas was dried by passing over caustic
flake and passed into the alcohol at 0°C. The iminoether
was added, the mixture seaeled in a pressure bottlo,'and

ammonolysis conducted for ten hours in a bath thermostatic-




-ally maintained at 45°. A smell quantity of brown flocculent
material was filtered from the yellow solution which was then
evaporated to dryness under vacuum at 50-60°C. The discolour-

ed crystalline solid remaining was taken up in dilute hydro- |

-chloric acid end treated with activated chsrcosl at 600, the
warm solution being finally filtered through sintered gless to
give & perfectly clear solution. On cooling, this deposited
an oil which crystallised in fifteen minutes to plates of the
emidine hydrochloride. After thirty minutes at 0°C, the
oroduct was filtered on sintered glass and washed with cold
dilute hydrochloric acid. The filtrate gave a small
precipitate with dilute sodium hydroxide, but none with
ammonia,  Amidine hydrochloride, 1H,0 (not removed by drying

for forty ei,ht hours in vacuun over concentrated sulphuric

acid)., 4.P.158-60°, Yield 2.7gms. (68%).

Anelysis Found Required by C oHy 705,01
C 56.8% 56. 67, hydrochloride,1H,0)
H 5.72 5.72
¥ 9.88 9.45

Hote:- This 4-methoxy emidine is apparently a stronger base

then ammonia, not being »nrecipitated from its salts




by aqueous ammonia, The 2-methoxy compound, however,
is a weaker base than ammonia (p. 73).

4-(4' -HYDROXYPHENOXY~)BENZAMIDINE .

Demethylation

4-(4'-iethoxyphenoxy)~benzamidine hydrochloride 1.7gms.
574 Hydriodic acid 20ml.
Ammonia Solution (8.g£.0.88) 20ml,

The Hydriodic acid was freshly distilled (B.P,127°) and
added to the methoxy-amidine hydrochloride in a 100ml. beaker.
The mixture was heated slowly to boiling point and boiled
gently for ten minutes. On cooling, the amidine hydriodide
was then, filtered, and washed with water. The hydriodide
was stirred with the strong ammonie and the discoloured
precipitate of free base iiltered after five minutes and
washed free of halide with cold water. 2N hydrochloric acid,
heeted to 7U°C was poured through the filter to dissolve the

amidine base, and the solution treated with decolourising

carbon to give an almost colourless solution from which

suspended matter wes removed by filtration through sintered

glass. Slow cooling from 70° gave plates of the hydrochloride

which were filtered and washed with ice water. The filtrate

{



wae cooled to 0°C in a freezing mixture and basified with
ammonia (8.£.0.88). The precipitated amidine base was
redissolved in hot hydrochloric acid end re-precipitated with
ammonia to give pure white crystals. Total yield (as
hydrochloride) l.lgms. (6875). Hydrochloride M.p,228-31°
is slightly soluble in cold water and from this solution
ammonia precipitates the free base, m.P.ZlBO. The base is
also precipitated {from its salts by sodium hydroxide, but
dissolves in excess. The free base is alkaline to litmus,
but is unstable and turns yellow on standing.

Both the free base and hydrochloride crystallise with
one molecule of water of crystallisation which was not lost

after forty elght hours in vacuo over concentrated sulphuric

acid.

Analysis Found Required by Cl3gi595§2gl
¢ 54.6%  55.1% (hydrochloride,1H,0)
H 5.15 - 5.31
N 9.9 9.92

Cl 13.05 12.6
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~METHOXY~4-HYDROXYBENZAMIDINE (VANILLAWIDINE

Qutline of Preparation

) Sulphannk:acid'waa diazotised and the dye produced by
coupling with guiacol reduced to give 4-aminoguiacol, This
compound was converted to the nitrile from which the amidine

was produced.

HOQ | + N »- SOH ——> HO ( )—N=N-C>SQ,H
O/CH_; Somy
o e o e

4 /
daHy ety

4-AVMINOGUIACOL

References:- (152) - Guiacol coupled with diazotised

sulphanilic acid and the dyestuff reduced
with tin and acid: (109), (122) - uée of
phenylhydrazine as reducing agent: (77) -
_ reduction by hydrogen sulphide.
The reductions by tin or phenylhydrdzine were found to be
very inferior to that by sulphide. |




Diazotisation Sulphanilic acid 26gms.
2N Sodium hydroxide T5ml.
Sodium nitrite 12gms.
Hydrochloric acid 50ml,
(s.8.1.16)
in water 50ml.

The sulphanilic acid and nitrite were dissolved in the
alkeli and the solution made up to 600ml, with crushed ice.
The hydrochloric acid was run in below the surface with stirr-
ing and the temperature maintained below 5%, The solution
turned red at first and the diazo selt précipitatod as a
light yellow crystalline compound,

Coupling Guiecol 19.5gms.
2N Sodium hydroxide  300ml.

Hydrochloric acid 400ml.
(8.8.1.16) ,

The solution of guiacol in the alkali was diluted with
ice to 600ml. &nd theyslurry of diaszonium salt added over
fifteen minutes with sirong stirring. The mixture was
turbined for forty-five minutes and the hydrochloric acid
added to salt out the dye. Stirring was continued for

thirty minutes and after the solid dye had settled for the
same time, it was filtered with suction and washed with acetomne




g% ,’

The product consisted of irridescent green crystals soluble in

water and even more readily in alkelili to an intensely red

solution,
Reduction Azo dye (from above)
Aqueous Ammonia (s8.5.0.88) 200ml .

in water 400ml.,
Hydrogen sulphide. |
A rapid stream of hydrogen sulphide was passed into the
solution of the dye in the diluted ammonia. After forty-five

- minutes the temperature rose and aminoguiacol began to
separate as the red colour of the solution changed to yellow;

the sulphanilic acid formed simultaneously was retained in

solution es the ammonium salt, After a further fifteen

minutes, the amine was filtered, washed with cold_water, and -
dried in vacuo over sulphuric acid. Needlss, M.P.181°C
(1isted - 182°%C). Yield 21.5gms. (98%). |

3-METHOXY -4 -HY DROXYBENZONITRILE (VANILLONITRILE) -

Reference: (152) - Diazotisation of aminoguiacol.



Diezotisation ~ 4-Aminoguaiacol _ 15gns.

Hydroohloric Acid (8.8.1.16) 33ml,

in water 600ml,
Sodium Nitrite 7.5gms.,
in water 75ml.

The amine, in complete solution in the dilute acid, was
cooled to -5°C during the addition of the nitrite, but some
decomposition was epparent, since nitrogen was evolved and
the solution became very dark, The end-point was indicated

by stearch-KI paper.

Sandmeyer Copper sulphate, 5H20 45gms .
in water 200ml,

Potassium cyanide 45gns.,

in water 100ml.

The cyanide was mixed with the copper solution under a';
good dréught, and the clear brown solution maintained at
80-90°C with agitetion during the addition of the diazo
solution. The solution was heated on the water-bath until
the evolution of nitrogen ceased. After acidification the
mixture was filtered and the residue and filtrate extractecl

with ether. After drying over sodium sulphate, the ether




was removed leaving & derk oil which was refluxed with
petroleum ether (fraction boiling 100-120°G) which was
decanted from the tar. The process was repeated till all the
product was extractéd. The nitrile separated as a light
yellow crystalline powder which was recrystallised from
netroleum ether forming glistening white needles, M.P.90°G
(listed - 89-90°C). Yield 2.5gms. (15%).

3-METHOXY -4 -HYDROXYBENZAH IDINE (VANILLAMIDINE) .

Iminoether Vanillonitrile 2.,5gms,

Ethyl alcohol (ig dried) 10ml.
Ether (Na dried) 20ml.

The solution of nitrile in the mixed solvents was
saturated for five hours with dry hydrogen chloride at O°C,
and, efter standing overnizht, for a further four hours. The
crimson solution was eveporated under vacuum at 40°C leaving
the somewhat red iminoether salt.

Amidine Iminoether hydrochloride (from above)
Alcohol (Na dried) 150ml,
Ammonie gas.

The iminoether salt was added to the alcohol, Qaturated

with dry ammonia at O°C, and the mixture in a sealed pressure

bottle maintained at 40°C (thermostat) in a weter bath. On
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cooling, the orystalline amidine base was deposited, but was
not separated. The solvent was evaporated at 40°C under
vacuum and the residue teken up in dilute hydrochloric acid.
Wearming the acid solution at 40°C with sctive charcoal gave
water-clear solution which was cooled in ice as hydrogen
chloride gas wag led in, A large excess of hydrogen chloride
was avoided as the amidine hydrochloride which separated tended
to redissolve. The galt was collected on sintered glass and
dried in wvascuo over sulphuric acid. Hydrochloride. M.P.275°O

(decomp). Yield 2.3gmse. (68#4).

Anelysis Found Required by OgH,,0,N,Cl.
C 47.5% 47.2% (hydrochloride)
H 5.6 5.4 |
N 14.0 13.7

Note:~ Vanillemidine 18 & weaker base than emmonie which

precipitates the free base from hydrochloride solutions
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g METHOXY -4 —HY DROXY -5 ~BROMOBENZAMIDING (2 -BROMOVANILL-

- =AMIDINE.

Outline of Preparation

Vanillin was monobrominated and the oxime with
acetic enhydride gave an acetyl derivative which was
hydrolysed to 5-bromovanillonitrile. The amidine was

formed in the usual wey.

,NoH
HO - f —_ O —> H - C\ u
Sewy :

OC‘H3 ocH
s AGOO N —> HOQ
Scws bawH,
«~BROMOVANILLIN
References:~- (20), (39).
Vanillin . 27gms.
in glaciel acetic ,
acid 60mls.
Bromine 9.6ml. (30gms.)
in glaciel acetic |
acid 40mls.

Sodium acetate (fused) 1Ogms.

After the vanillin and’sé}um acetate 'were

dissolved with warming in the acetic acid, the solution
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was cooled to room temperature and then in cold water as
the bromine was added, with stirring, over thifty
minutes. The cooling was removed, and, after stirring
for a further thirty minutes, the product waé precipitatel
by eddition of much water, giving colourless cuhes, WM.P.

160%¢ (listed - 164°%).  Yield 41lgms. (99%).

5=-BROMOVANILLONITRILE

Reference:- (20).
‘Bromovanillinoxime 5-Bromovanillin 4lgms.
Hydroxylamine hydro-
-chloride 16.2gms.
Sodium carbonate
(anhydrous) 9.5gms.
Alcohol 200ml,

The alcoholic suspension of the reactants was refluxed
for sixty minutes and poured into 800mls. of water. The
precipitated oxime was filtered, washed with water, and
dried at 90°C. White needles, M.P.176°C (1listed - 179°).
Yield 35gms. (80%).
3-iiethoxy-4-hydroxy~-5-bromobenzonitrile

5-Bromovanillinoxime 35gms.,
Acetic anhydride 150ml.
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The oxime was refluxed with the acetic anhydride for j
gixty minutes and poured with stirring into a large oxcesei
of ice-water cohtaining some sodium hydroxide. The
suspension was vigorously stirred until the acetyl
derivative crystallised as white needles which were

filtered and washed.

5-Bromovanillonitrile 3-Methoxy-4-acetoxy-5-
~bromobenzonitrile (from ahove)

2N Sodium hydroxide 100ml.

The acetete wes boiled with the alkali for a few
minutes until it had just dissolved. The solution was
quickly cooled (when the sodium salt separated) and
acidified with dilute acid, precipitating the nitrile
which was filtered, washed with water and crystallised
from alcohol. Colourless crystals. i.P.143°C (listed -
144°). Yield 1l2gms. (30%).

Note:- To minimise hydrolysis of the nitrile grouping,
it was essential that the acetate be treated
for the shortest time with the boiling hydroxide
and cooled immediafely.

\
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5~BROMOVANILLAMIDINE
Iminoether ~ 5-Bromovanillonitrile 8gme.
Ethyl alcohol (Mg dried) 1Omls.
Ether (Na dried) 20mls.

Dry hydrogen chloride was passed for five hours through
the solution of nitrile, with precautions for the exclusion of
moisture, end, after standing overnight, the liquid was
re-saturated. The iminoether hydrochloride precipitated as a
crystalline solid and the solvent was removed at 40°C under
reduced pressure.

Amidine Alcohol (Na dried) 150mls.
Dry emmonis gas.

The alcohol was satursted with ammonia at 0°C, the
iminoether introduced, and the mixture heated under pressure
at 40°C for fourteen hours. The solvent was removed at 50°0
under reduced pressure end the crystalline residue taken up
in dilute hydrochloric: acid; this solution was clarified with
activeted carbon at 40°C and strong aqueous ammonia edded in
slight excess with cooling. The free base began to precipit-
-ate in five minutes and, after three houre, was filtered on

sintered glass, washed with distilled water, and dried in e
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vecuun desiccetor over sulphuric acid. Free base M.P. 28600.

The base was taken up in dilute hydrochloric acid and
concentrated acid added to the warm solution. On cooling,
the hydrochloride crystallised as white needles, was filtered
and washed with cold dilute hydrochlofic acid, and dried in
vacuo over sulphuric acid. i1.P.275-280°C (decomp). Total
yield (as hydrochloride) 3.4gms. (35%).

Analysis (free base). Found. Required by cagggagegg.
N 11.3% 11.4%

Br 32.6 32.6




3_BROMO-4 ~HYDROXYBENZAMIDINE

Qutline of preparation -

4-Hydroxybenzonitrile was monobrominated and the amidine
mede in the usual manner.

3-BROMO=4 -HYDRUXYBENZONITRILE

Reference:- (126) - bromination of 4-hydroxybenzalde-
-hyde in chloroform. A similar technique
was employed for the nitrile.

Bromination:- 4-Hydroxybenzonitrile (P.SR) 11.9gms.
in chloroform 300ml.
Bromine 5ml.
in chloroform 200ml.

The hydroxybenzonitrile was dissolved with warming in
the chloroform and the solution cooled in ice with stirring
as the bromine was introduced below the surfsce of the liquid
over thirty minutes. The temperature was allowed to rise
to atmoepheric and, after four hours, the chloroform was
evaporated on the wster-bath and the residue taken up in
boiling water. The aqueous solution was filtered and
deposited needles of the brominated nitrile on cooling,
which were filtered and recrystallised from boiling water
White needles, :.2.147-150°C (listed - 155°C). Yield 12gms.
(60%) .




Note: -~ Brominatibn was attempted with bromate-bromide
mixture, but always resulted in the 3:5-dibromo-

~derivative along wifh starting meterial.

3-BROMO-4 -HYDROXYBENZAMIDINE .

Iminoether:- 3.Bromo-4-hydroxybenzonitrile 2gms.
Ethyl alcohol (Mg dried) 5ml.
Bther (Na dried) 10ml.

Dry hydrogen chloride wes pessed for seven hours
through the solution of the nitrile, which was maintained at
O°C, and for a similar period sfter standing overnight.

The precipitated iminoether was filtered on sintered glass,
washed with alcohol, and dried in a vacuum desiccator over
concentrated sulphuric acid.
Amidine:~ TIminoether hydrochloride fv»(fromvabove)
Alcohol (Na dried) 150ml..
Ammonia gas.

The alcohol was saturated with dry emmonia at 0°C, the
iminoether added, and the mixture sesled in a pressure
bottle. This was placed in a water bath, whose temperature
was meintained at 40°C for fourteen hours. The liquid was

then ev t °
apora eg at 40 under vacuum, and the residue taken
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up in warm dilute hydiochlorio acid. Decolourisation was
accomplished by warming with charcoal at 60°¢. Concentrated
hydrochloric acid with cooling gave crystals of the hydro-
-chloride, which was filtered end dried in a vacuum desiccator.

i.2.270°C.  Yield 2gms. (79%).

Anelysisg:- Found Required bx_gqgeggagg_gl
o 33, 2 33, 424 (hydrochloride)
H 5.28 .18
N 10.75 11.12
Cl + Br 45.9 45.0

3 : 5=DIBRONO-4 ~HY DROXYBENZAMIDINE

Outline of Preparstion

4-lydroxybenzonitrile was dibrominated and the amidine
made in the usual menner,

3 : 5=-DIBRO#0~-4 Y DROXYBENZONITR ILE

Reference:- (45) - Brouination using bromeate-bromide.

Brominating mixture:- ¥BXOs + SKEBr + 6HC1 = 3Br,+ 6KC1 + 3H,0
167.02 595.1 480
Potassium Bromate L.R, 27.837gms.
Potassium Bromide ..R. 100gns.

Water to 1000ml.
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The bromate was accuiately weighed, dissolved along with
the bromide with waruming, cooied, and made up to 1000ml.
1 litre of this solution is equivalent to 1 gm-atom of
bromine (1 ml. = 0.08gm. Brz).
Note:- This solution tends to crystallise, but is quite

satisfactory if warmed before use.

Bromination:- 4-Hydroxybenzonitrile (p.52 ) ll.g%ma. )
0.1 mol

2N Sodium hydroxide solqtion 50ml.
Brominating mixture l 400ml.
Concentrated hydrochloric acid.

The hydroxybenzonitrile was dissolved in the cold
alkali, the standard brominating mixture added, and excess
acid added with stirring. The colour of free bromine
appeared but was discharged at once and the dibromo-
-hydroxybenzonitrile precipitated. Stirring was continued

for & further thirty minutes and the solid filtered and

weshed with water, until free from acid, The product
consisted of micro-needles. Recrystallisation from alecohol °
gave long, white, needles, 14.P.186° (187°). Yield 17gms.
(61%).

3 :5-DIBROLIO-4-HYDROXYBIEHZ . ¢ IDINE

I ——

Iminoether:- 3:5-Dibromo-4-hydroxybenzonitrile 17gms.
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Iminoether (Contd.):=
Ethyl alcohol (Mg dried) 15ml.

Ether (Na dried) 30ml.
Observing the usual precautions for the exclusion of
moisture, hydrogen chloride was passed through the mixture
at 0°C. for five hours end, again, after standing overnight,
for a further eight hours. The iminoether crystellised
as almost white crystals which were filtered on sintered
glass, washed with elcohol, and dried in e vacuum desicca-
-tor. .
Amidine:- Iminoether hydrochloride ‘(ffoa above)

Alcohol (Na dried) 350ml,
| Ammonia gas.

The elcohol was saturated with dry ammonia at O°C, the
iminoether hydrochloride introduced, and the mixture sealed

in a pressure bottle, which was heated slowly to 40°C and

maintained at that tenperature foi fourteen hours. On
cooling, needles of the amidine were denosited, filtered on
sintered glass and weshed with weter, The filtrate was
evaporated under vacuum at 40° and the residue, which was
slightly discoloured, teken up in warm dilute hydrochloric

aéid, and decolorised with chercoal at 60° to give a water



cleer solution. Cooling was applied and strong ammonia

added. Fine needles of the free bhase appeared after a

short time.

desiccator.
(65%).
Analysis:-

Thege were filtered and dried in a vacuum

.2.308°C with decomposition. Yield 15gms.
Found Required G HgON,Br, (base)

C 28.75% 28.44%

H 2.30 2,04

N 9.44 9.53

Br 54. O 54 .4.

The hydrochloride weas formed by taking up the free

base in warm dilute hydrochloric acid, adding concentrated

acid, and cooling in a freezing mixture. M.P.275-280°C.
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2:4-DIHYDROXYBENZAMIDINE

OQutline of Attempted Preparation Ai.

Resorcinol with formenilide, in the preseiice of
phosnhorus oxychloride, gave an anil which waes hydrolysed to
2:4-dihydroxybenzaldehyde. The aldoxime was dehydreted with
scetic enhydride to the diacetoxybenzonitrile which was
hydrolysed to the dihydroxy-compound.

OH , OH v OH

HO- + ? —3 HO-~ ~CH=NOHN —H—‘-L Ho 'O.J. e NN
H‘C‘NHC"Hg b ] -C\H c‘ sN Y

OH

,QAc ,
NOH
(T X Do
. H

It was not found possible tq convert elither the

diacetyl or the dihydroxy compound to the amidine by Pinner's |

method.
2:4-DIH!DROXYBENZALDEHYDE

References: (81) - modified from (42)

Anil Resorcinol 32gms.
Formenilide 35.2gms .
Phosphorus oxychloride 15.2%gms.
Ether (Ns dried) 95mls.

The mixture, in ethereal solution, was warmed on the
water beth to initiate the reaction which them proceeded
spontaneously with evolution of hjdrogen chloride. On
standing overnight, the anil senarated ss a réd solid from

which the ether was evaoorated.

|
{
|
j
I
i

i



Aldehyde Sodium hydroxide 66gms.
in water . 600mls.

Sulphuric acid (s.g5.1.84) 45mls.

in water 300mls.

The anil was digested with the alkali for thirty
minutes on the steam beth and the mixture distilled. The
eniline formed in the hydrolysis was collected in 300mls. of
distillate. The residuel solution was diluted with 150mls.
ofa;gter and cooled in ice as the ice-cold sulphuric acid
was added with stirring. The yellow solid produced was
filtered after three hours and the {iltraste saturated with
salt. The solid and liquid were exhaustively extracted with
ether, which wes dried over anhydrods sodium sulphate, and
evaporated, The crude product was used without further
ourification. i.B 12931°C (listed -135+°C). Yield
38gms. (907%).

2 :4-DIHYDROXYBuWZONITRILE (4-CY.NORSSORCINQL)

Refefences:— (110) - Process outlined. (73) - Details for
3:4-dihydroxy compound.

Aldoxime 2:4-Dihydroxybenzeldehyde >8gms.
Hydroxylemine hydrochloride 22gms,
2N Sodium hydroxide 160mls.,

To the solution of the aldehyde in alkali, the

hydroxylemine salt wes sdded in concentrated solution with



stirring. In fifteen minutes, a large amount of crystalline
materiasl separated and a further 50mls. of water were sdded.
After two hours at room temperature, hydrochloric acid was
added to slight ecidity and the oxime extracted with ether.
Afier evaporation of the solvent, the oxime crystallised

from hot water as needles, m.p. 196°¢ (listed - 196-7°).
Yield 20gms. (48%).

Diacetoxybenzonitrile 2:4-Dihydroxybenzsldoxime  l4gms.

Acetic anhydride 105mls.
The enhydride solution of the oxime was raised very

slowly to the boiling point (iote I) and refluxed for two
end & half hours with stirring. After cooling, the
mixture was poured into 1 1. of water from which the
diacetate separsted in crystalline form. A sample was
re-crystellised once from slcohol and melted at 70°%
(listed - 72°C). The mein yield was immediately hydrolysed.
Yield 18gms. (90%).

Dihydroxybenzonitrile 2:4-Discetoxybenzonitrile 18guns.
2N Sodium hydroxide 200mls.,

The discetyl derivative was refluxed for two hours
with the alkeli (Wote II) and acidified with hydrochloric
ecid on cooling. The nitrile was extracted with ether
which was dried over anhydrous sodium sulphate and

evaporated. The residue was taken up in alcohol and,
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after treetment with ectivated charcoal, allowed to
crystallise by sponteaneous evaporation of the solution
(Note III). In gpite of repeated crystallisations, a
white product could not be obteined. Yield 8gme. (72%
on diacetyl derivative). M.P.173 °C (listed - 175°C)

Notes, I. If the solution be reised to boiling too
quickly, consliderable decrease in yleld ensues,

II., Even on prolonged boiling, the nitrile group is
not apprecisbly hydrolysed by 2N alkeli. This
is apparently a steric effect.

III. The nitrile is very soluble i water end
organic solvents and is crystallised only with
difficulty.

Attempted conversion of 2:4-dihydroxybenzonitrile to
E:Z-giﬁydroxybenzamidine

References: - (45) - Prenearation of 4-h&droxybenzamidine
(46) - preparation of 2-hydroxybenzamidine.

2:4-Dihydroxybenzonitrile Ogns.
Ethyl alcohol (g dried) 10mls.
Ether (Wa dried) 20mls.

The ether~-slcohol solution of the nitrile wes saturated
with dry hydrogen chloride st 0°C for five hours. The
strongly coloured solution was re-satursted on the following
day end allowed to stand, after sealing, for twelve hours,
when some solid matter hed sepnarated. Solvent was removed

by water pump at 40°C leaving an amorphous red powder.
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Alcohol (Na dried)  150mls.
Ammonia gas.

The above product was added to the alcohol saturated with
ammonia at 0°C and the mixture heated in & closed vessel at
40°C for fifteen hours. The cloudy solution, which was dark
red, was filtered and evaporated lesving a somewhat tarry
residue which was taken up in hydrochloric acid (colour
changed to yellow), filtered and the filtrate treated with
charcosl. It wes not found possible to obtain the free base,
the nitrate or the hydrochloride of the smidine or to isolete
eny materisl with amidine properties.

Attempted conversion of 2:4-diacetoxybenzonitrile to
2:4-di1acetoxybenzamlidine

2:4-Discetoxybenzonitrile (p. 104) 9gms.
Ethyl alcohol (g dried) 15nls.
b Ether (Na dried) 25mls.

The seme procedure as above was followed and the product
obtained es & dark red solid from the first stage.

Alcohol (WNa dried) 300mls.
Ammonia ges.

After the ammonolysis, removal of solvent left a red
syrup which could not be crystallised and showed no amidine

properties.
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2:4-DIHYDROXYBENZAMIDINE
Qutline of Preparation B.

Resorcinol is converted to the dimethyl ether which,
with hydrogen cyenide, gives the eldimine, hydrolysed to the
aldehyde, The aldoxime is dehydrated to the nitrile which is

converted to the dimethoxybenzemidine and demethylated.
,OCH; /ocrg °°“5

// ,,NOH
4 HCON=——> CH, — CH, q ——— CH3

OCH‘,

—-> CHO - ———= CHO —te HO
H 0 >c~ < > “WH, 4 >- \NHA

RESORCINOL »IMBTHYL ETHER (}—METHOXZANISOQ@)
Reference:- (176), (131).

Resorcinol 52gms.

Sodium hydroxide 4Ogms.
in water 300mls.

Dimethyl sulphate 64gms.
The dimethyl sulphate was sdded in smell portions to the
resorcinol, dissolved in sodium hydroxide. After the first
vigorous action hed subsided, &nd ell the dimethyl sulphate
hed been added, the solution was refluxed for thirty minutes
on the sand bath and poured into a sepsrating funnel. The
heavy oil wes run off after settling and the remaining squeous
portion reneatedly extracted with ether. The oil, and the

ether extrects were combined, and washed free of resorcinol
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with dilute sodium hydroxide solution, followed by water to
remove the alkali, After drying over calcium chloride, the
ether wag evaporated leeving & dark oil which was distilled at
atmospheric pressure end boiled sharply at 217°C (listed -
216.5-217.7°C).  Yield 40Ogms. (61.5%).

2:4-PIM THOXYBENZALDEHYDE

References:- (66), (99).

Anhydrous lydrogen Cyenide
Potassium cyanide 70gms.
50% Sulphuric acid 200mls.

The powdered cyenide in & 250wl. distilling flask fitted with
rubber stopper and tap funnel was placed in a water bath, the
temperature of which was adjusted during the preparation to
give a steady stream of the gas. The scid was dripped in
slowly end the evolved gas dried through a calcium chloride
U-tube suspended in & bath of water at 359, The gas was
condensed in & wash-bottle imnersed in freezing mixture.

Yield 50gms. of & pele brown liquid (53%).

Dimethoxybenzaldehyde Resorcinol dimethyl ether 40gms.,
Anhydrous hydrogen cyanide 40gms.

Anhydrous zinc chloride 20gns .
. (approx.)

Ether (la dried) 300mls.

Anhydrous hydrogen chloride.
The zinc chloride was oowdered in a warm mortar and

added to the ethereal solution containing the dimethoxy-
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-compound and hydrogen cyanide. Hydrogen chloride was passed
in with cooling, as quickly as possible without rise in
temperature above 3° and the brown solution became deep red.
The crystalline aldimine hyarochloride senarated quickly and,
efter standing for thirty minutes, was hydrolysed by adding to
1200mls. of water at 70°C, with which it was agitated for
twenty minutes. On cooling %o 0°C end scratching the sides
of the besker, white needles seperated, end were re-crystallis-
ed from aqueous salcohol. 4. P.67°% (1isted - 68°C). Yield
44gus, (92%). The product has a heliotrope odour.
2:4-DINMETHOXYBENZONITRILE

References: - Similar preparations for 2:5-dimethoxy-
benzonitrile - (84); for 2:6- compound - (113

Dimethoxybenzaldoxime - (66)

Dimethoxybenzonitrile, M.P.BQOC, by cyenogen
‘bromide on resorcinol dimethyl ether - (83);
4.,P. 95-96°C, from [ -resorcylic acid -

(164).
This compound has not been previously prepared by the method

described below,

Aldoxime 2:4-Dimethoxybenzaldehyde 35gms.
Hydroxylamine hydrochloride l4gus.
Anhydrous sodium carbonate 10.6gns.
' in water 150mls,

The aldehyde &nd hydroxylamine were added to the sodium

carbonete solution end the mixture refluxed for one hour.
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Pouring into Gold water precipitated white needles of the
oxime which were filtered, washed and re-crystallised from
water. M.P.99°C (listed - 106°C). Yield 35gms. (92;').

hlnelloXYbenzonitrlle 2 s4-rdmethoxyfc@nzaldox.ime 20gras.
Acetic anhydride 100ml.

The oxime, which was perfectly dry, was added to the acetic
anhydride, and the temperature gradually rained to boiling.
The oxime dissolved readily and, after reflux for one hour,
the solution was poured into ice water and stirred for
fifteen minutes, when needles were deposited. The product
was recrystallised three times from alcohol, with treatment
with activated carbon and finally gave white needles melting
sharply at 94°0.

This product was not impure oxime since a mixed melting
point showed & depression of 15°. A oroof of the nature of
the .product was furnished by hydrolysis to the acid. 1 gm.
was refluxed with 10mls, 30p aqueous sodium hydroxide for

eight hours, during which ammonia was evolved and the material

passed completely into solution. Acidification gave a white
solid which was recrystallised from hot water. The substance
was acid in reaction and had . .?.108°Q. 2 :4-Mmethoxy-

benzoic acid melts at 109°0 (149).

The nitrile is hardly soluble in water and only
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sparingly in ether. It is soluble in cold chloroform and

'benzene and in hot alcohol. Yield oI dimethoxybenzonitrile

15gms. (83%%4). .P.94°C (listed - 95-96°).

gggg: The yield of nitrile from.oxime was greatly reduced
if either the oxime wess at a#ll moist or the mixture
was brought to reflux temperature too quickly. In
the latter cese, @ vigorous resction was initisted
and coutinued spontensously for about five minutes.

Yield wes reduced to about 50 of the theoretical.

2:4-DLVETHOXYBENZAM TDINE

Iminoether 2:4-Dimethoxybenzonitrile 6gns.
Ethyl alcohol (g dried) 10mls.
Chloroform (P205 dried) (Note 1) 3Omls.

Dry hydrogen chloride was passed into the solution of
nitrile which was maintained at 0°C (Note 2). When
saturated, the mixture was kept in a sesled vessel over-
night and re-satursted. The dark red solution wss
evaporated after a rurther twentiy four hours, the
crystaslline residue showing s very ditffuse melting point
end decomposing with evolution of gess at esbout 110°c.

Aqmonolysis Iminoether hydrochloride (from above)

Alcohol (if¢ dried) 150mls.
Anmonie ges.
The iminoether selt wes added to the alcohol ssturated

with dry sumonie et 0°C snd the mixture heeted in & sealed



vessel at 41°C (thermostet) for twelve hours. The yellow
solution deposited large white crystals on cooling, and,

on evaporation under vacuum at 5000 a further orop was
obtained. The compound which was the amidine hydroochloride
waé recrystallised from hydrochloric acid at 50-60°C after
clarification with eclivdted chercoel, precipitaetion being
coupleted by saturstion of the solution at 0% with goseous
hydrogen chlioride, Needles, m.P.258°C with decomposition,
Yield asg hydrochloride 5gms. (63;).

Notes: 1. Owing to the sli,ht solubility of the nitrile in

ether, chloroform hed to be used ss diluent.

2. If cooling was too strong, the nitrile crystallised,

Anglzsis Found Required by 09§1392§2gl
‘ C 49.7% 49,85 (hydrochloride)
H 6.09 6.00
¥ 132 .. 12.9

o359 . 164
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2:4-DIHYDROXYBENZAMTIDINE

References: - Prenaration of amidine sulphete ~ (46).

Demethylation of methoxybenzamidines -
see 1. 73.

2:4-Dimethoxybenzamidine hydrochloride
3.5gms.

Hydriodic ecid (57:,3.,.127°C) 30mls.
Silver sulphate (iote 1) 10gms. (approx.)
The 4.R. hydriodic &acid was freshly distilled and

slowly heated to boiling point with the dimethoxy compound.
After ten minutes gentle reflux, the solution was cooled
and terry meterial which separated was filtered. = The
dark brown solution wes evaporated to dryness under
vecuum at 60°C and the residue texen up in 15mls. of
water, The solution was wermed at 40°C with moist,
freshiy precipiteted, silver sulphste (Hote 1) and the
mixture filtered. The clear yellow filtrate was freed
from silver by addition of a few drops of concentrated
hydrochloric acid and the solution trested with activsted
charcoal. The clear and almost colourless solution was
evaporated to small bulk on the steeam bath, graduslly

essuming & red colour, About 4 mi, of viscous material

finally remained, end, aifter seven days at room teumperature

crystal nuclei anpeared; after fourteen days, there were

BT ;
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needle crystals throughout the material which wae now very
viscous. On stirring the mixture with acetone (1Oml.), the
red materiel passed completely into solution end the emidine
sulphate was filtered on sintered glass eﬁd thoroughly washed
with the seme solvent. White needles, 1.P.276°C with
decomposition. The salt is easily soluble in water snd in
alcohol, Yield 0.2gme. (6.2¢%).
Notes: 1. The silver sulphate wes prepared by mixing
neutral concentrated solution of silver
nitrete and sodium sulphate. The precipitate
wag waphed with distilled water snd used moist
2. The dihydroxybenzamidine base is probably watef—
soluble and is not nrecipiteted by alkali
from the salts. kther extraction of the

elkaline solution gave no meaterial.

Analysis Found Required by (C,Hg0-N,),.H,80,
C 42,06 41.8%
H 4.50 4.47
N 14.5 : 13.9
8

8.04 7.96




p-HYDROXYBENZAMIDINE DERIVATIVES
BIOLOGICAL THSTS

The following test for ' amoebicidel property was carried
out by Hessrs. I1.C.I. (Dyestuffs Division), Blackley, Manches-
& ter, on each of the amidines described in Part TI.
. 4,000 to 6,000 amoebae from a three-day culture of
Entamoeba histolytice were inoculated into a buffered medium
containing a known concentration of the amidine under test.
After two days' incubation at 3700, the mixture was examined

microscopically. Lmetine hydrochloride is highly active by

this test at 1:1,000,000.

} Each amidine was tested at concentretions of 1:1,000,

1:10,000, 1:100,000 and 1:1,000,000.

4-Hydroxybenzamidine )

4-Methoxybenzamidine ) Prepnared by G.Dunn (45)
4-Phenoxybenzamidine )

4-Ethoxybenzamidine hydrochloride
4-(p-Bromoethoxy)-benzsinidine hydrochloride

4-(2' -liethoxynhenoxy )~benzamidine

4-(2'-Hydroxyphenoxy )-benzsmidine nitrate S1ightl
4-(4'-ilethoxyphenoxy )-benzemidine hydrochloride% tg yt
4-(4'-Eydroxyphenoxy )-benzamidine hydrochloride i?lovgog
. ’ L]

3-ilethoxy-4-hydroxybenzamidine hydrochloride
3-pMethoxy-4-hydroxy=5-bromobenzanidine hydrochloride
3-Bromo-4-hydroxyhenzamidine hydrochloride
3:5-Dibromo-4-hydroxybenzusmidine hydrochloride
2:4=-Dimethoxybenzamidine hydrochloride
2:4-Dihydroxybenzamidine sulphste.

TR TR i

A1l the above compounds were insctive at the two lowest
concentratious. Only 4-~(4'-.iethoxyphenoxy)-benzamidine and
the corresponding nydroxy-compound showed eny activity at
1:10,000; slight sctivity wes shown by the others st 1:1000.

Similar tests were nerformed on some of the comnounds

| 7described in rext I7e (0.182).

-
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PART IT AMIDIN:S RELATED TO BIOLOGICAL, GROWTH FACTORS

THEORETICAL

Reasons underlying Investigetion

Much work hes been done on the mode of action of
chemotherapeutic agents, in perticular thet of the
sulphonewide series of drugs. It is suggested B re thet
the theory developed regarding the mechanism of sulphonamide
action mey be capable of extension to the amidine serie-.
1. Growth factors end drugs

It has been suggested (58,184) that sulphonamides
compete for the e:.zyne system of the bacteria with
4-aminobenzoic acid, which is an esseantial bacterial
growth factor. The sulphonemide being structurslly
gimilar to the carboxylic acid, substitutes for the acid in
the metabolism of the organism, but, since it does not
setisfy the requirements for growth and reproduction,
bacteriostasis is caused. Thus, the addition of even
small smounts of 4-aminobenzoic acid nullifies the action
of the sulphonamide, since the bacteriaz can then satisfy
their requirements. This action hes been observed both
in vivo end in vitro.

The theory has been further developed, in a more
quantitative aspect, by Bell and Roblin (13) and others

(89,96). These workers have related the acid dissociation



of the sulphonamide to its bacteriostatic activity.
Comparison of the sulphonemide anion (I) with the 4-amino-
benzoate ion reveals e striking similarity in physical
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dimensions.
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The basis of the theory, the steric similarity of the
sulphonamides to 4-aminobenzoic acid, appeare well establishedg,
since the presence of the smino group in the 4 position is
found to be essential for activity and it has been found
possible to apply the analogy to other compounds. For
example, Kumler and Beniels (96) quote tests made with
4-nitroaniline (II) which bears a strong resemblance to the

4-gminobenzoate ion (III):

HN N//o ' +9
N *No_ N i c\O..

) (I) i

4-Nitrosniline was bacteriostatic ageinst B.coli at a
concentration of 1 in 4,000, and this activity was nullified
by 4-sminobenzoic acid at 1 in 10,000.

There sre numerous other factors to be teken into account
as regards druge, for example, solubility, absorption and

toxicity; and the relationship shown ebove is derived from
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in vitro rather than in vivo sctivity. The interpretation
as far as the latter is concerned is open to argument.
Perhaps the mosf significant implication of the work on the
relation of sulphonamides to 4-sminobenzoic acid is that
study of the chemical nature of other essentisl growth
fectors may sﬁggest new. tynes of chemothernpeutic agents.
In this connection, it is noteworthy thut very many of the
bacterial and nlent growth factors that have been isolated
or synthesised are carboxylic acids. Bacterial growth
fectors include 4-aminobenzoic ecid (IV) (151); nicotinic
scid (VI) (119); pentothenic acid (VIIT) (94); traumatic
acid (X) (50,123); fgialanine (XI) (93,120); mixed pyruvic
(XII) and glycollic ecids (XIII) (121). Plent growth
factors, or suxins (erroneously called "plent hormones")
iﬁclude substances such as halogenated phenoxyscetic

acids, e.;. 2:4-dichlorophenoxyacetic scid (XIV),
indole~3-scetic acid (XV) and indole-3-butyric scid

(XVI) etc. (188). On the other hand, compounds glose'y
enslogous in structure to the carboxylic rcids (Tvy, (vr,
and (VITI) heve been shown to exert s bacteriostatic action.
In particular, the sulphonamide series of drugs (V,R =
hydrogen, pyridine, thiazole, guenidine, pyrimidine, etc.
residues) sre related to growth factor (IV); and the
sulphonic acids, pyridine-3-suljshonic scid (VII) (114) sand
pentoyl-taurine (IX) (115), bearing similer relationship

to (VI)and (VIII), also 'show bacteiiostatic'properties.
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gﬂ Amivines and carboxylic acids
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The{chemical analogy between amidines and carboxylic acide
ﬁés slready been mentioned (p.33 ) and the possibility is mow
cgnsidered that this analogy may be extended to biological
sction, the amidines acting as negative growth sgents.

A comparison can be maue of the carboxylate and amidinium
ions, the physical dimensions underlining the similarity. Both
ions are resonence hybrids, though of opposite cherge:

o s ft% NH,

7z 7/ o
- - - A_ - - -
( C\ O c*o ) - ( Ny \\’;‘H.z

«)

The interatomic distances for the carboxylante ion (XVII)
have been quofed by Peuling (127), while those for the
amidinium ion (XVIII) can be approximately calculated from
covalent redit datsa. Since the structure is a resonance
hybrid, the C=-N distences are somewhat less than the mean of
the single and double bond values. The -502- group in the

sulphonemides is shown for comparison:

I 3 I of‘( - 1 rd
N N Y v
LN PN S
\O: o NHg NH,,
(Xt ) (Xvil)

3, Amidines as growth inhibitors

There is a very little to be found in the literature
concerning the mode of action of the therapeutically active
emidines. The original theory that they 1nterferé in vivo
with bécterial metabolism by virtue of their hypoglycemic

action hes been disproved; 1in vitro tests show that these
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emidines exert s direct effect on the bacteria, From the
only generslisetions that Have yet emerged, it is clear that
the maximum trypenocidal activity in the esmidine series is
sgsociated with an «w-diamidine, the two functional groups
being separated by & chain of molecular complexity equivalent
to ten to twelve methylene groups. This suggests a
relationship between the active diemidines, of which
undecems-1:11-diamidine (XIX) is a prototype and the growth

factor traumatic ecid (X):

&3

NH

’

O\\ //O 4
C - CH=CH-(CH, )8- . C- (CHa )"- fe)
OH OH o

2\

2 a

(X) (XX)

The similarity is reminiscent of that of the sulphonamides
t0 . 4-aminobenzoic ecid, of pyridine-3-sulphonic acid to
nicotiﬁic acid snd of pantoyltaurine to pantothenic acid.
In the same wey, it was thougﬁppoasible that the amidine
might replace the carboxylic acid growth substaence in the
enzyme system of the organism, but act a5 & grovth inhibitor.

To test this hypothesis, & number of carboxylic acids
of known growth promoting property were prepsared slong with
the.corresponding amidines, the growth factors being chosen
from both bacterial and plant fields. The synthetic plant
auxins oftered a series of carboxylic acids of well-graded
growth promoting esction, and the method of testing also
readily indicated growth inhibition. There is, moreover,
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a definite relationship between plant and bacterial growth
fasctors, Boysen Jensen (79) showed that bscteria produce
8 substance promoting plant growth while others (18,50,123,
171) heve shown that certain compounde which act as growth
promoters for micro-organisms perform the same funotion for
higher plants. It seams probable that the mechanisms of
growth promotion in both fields are connected.

Two geries of amidines were accordingly prepared:-
Series A

The phenoxyacetamidines (XX), related to the halogenated
phenoxyacetic acids shown by Zimmermenn (188) to be powerful

plent auxins:

xll
/

, oM
- ~O-CH-C
X * TN,

S

X, X\ X! = HYDROGEN or CHLORINE.
1805, MO ILORINE ¢

Sexries B
The sminobenzamidines (XXI), related to the well-known

becterisl growth factor, 4-aminobenzoic acld:

(X1
R = hydrogen, benzene, pyridine or thiaszole residues.
The pyridine and thiazole substiluents were chosen by analogy-

to the sulphonamide series.
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A. Phenoxyacetamidines

Chemical Notes

ihs Pinner method of preparation from the nitriles was
adopted, but required modificetion in some cases as the
nitriles proved extremely reactive under the conditions of
iminoether formation, Wherees, normally, a nitrile wes
treated with excess alcohol and hydrogen chloride, this
procedure gave the iminoether only with phenoxyacetonitrile
and the 4-chloro derivetive &nd in poor yield, In the
second case, the yield of amidine wes only 15¢%. When the
usuel conditions for the reaction were spplied to the
2-chlorophenoxyacetonitrile, it was found that the ethyl
ester and smmonium chloride were produced, presumably
according to the equation:
Oomcm + 2CqH;0H + QHC - Q‘OC*&CQQM + NHeC + CHsCY

o N3
When the ammonolysis was carried out without isolating the
intermediate product, the smide resulted. This is possibly
the type of reaction observed by Pinner (139) when he ‘
suggested the formation of unstable chlorides of the
iminoethers which decomposed to esters and ammonium chloride.

Those nitriles which reected in this menner were treated
with the theoreticel amounts of alcohol and hydrogen chloride
40 form the iminoether hydrochlorides. A solution of dry

hydrogen chloride in dry ether was prepared and standardised,



the borreot amount for the reaction being measured from &
burstte, the alcohol was similarly measured by volume.

The reaction could be seen to commence almost immediately,
eand ths iminocether hydrochloride precipitated as &
crystalline compound. This procedure was followed for the
2-chloro-, 3-chloro-, 2:4-dichloro, 2-methyl-4-chloro- and
2:4:6-trichloro-phenoxyacetonitriles.

That this abnormal reactivity of the nitrile group
was due to the ether linkage was demonstrated by the fect
that pheliylecetonitrile, treated with excess & lcohol and
hydrogen chloride gave the iminoether normelly, and then
the amidine in 70; yleld. It ie noseible that the
ethereal oxygen, being electrophilic, enhanced the positive
charscter given to the carbon atom of the nitrile group by
the electromaric shift, R-ng%. The total result,
exérossed by R-O-ecsg%, wes thet the reactivity of the
nitrile towards nucleophilic reagents was increased, in
the seme way a&s in trichloroacetonitrile (36).

Since the nitrile group was reusoved some distance
from the nucleus, the "ortho effect" (p. & ). disappeared.
TPhis was shown by the preparation of 2-chloro- and
2-methyl-4-chloro-phenoxyscetonitrile which reacted very
readily to form the iminoethers, in contrast to the
unreactivity of 2-chlorobenzonitrile.

The nitriles themselves were prepared from chlorosceto-
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nitrile which was heated, in alcoholic solution, with the
sodium salt of the appropriate phenol. The nitriles were
found to be oils which were thermaelly unstable, =nd, with
the exception of phenoxyacetonitrile, could not be distilled
even under reduced pressure without decomposition. On
gome occasions, possibly due to traces of alkeli, samples
of the nitriles decomposed on standing et room temperature
to tarry msterial. Since the nitriles were so reactive,
they were also rather easily hydrolysed, and their prepara-
tion from chloroadetonitrile did not giv; good yields, The
compounds were oi pungent odour, and unpleasant lachrymatory
properties.

The phenoxyacetic acids for comparison purposes were
readily prepared from chloroacetic acid and the sodium
salt of the appropriate phenol,

Biological liotes

The standard method of testing a substance for plant
growth promotion or inhibition consists of application of
the material unilaterelly on coleoptiles of Avena sativa
(oat seedlings). If a growth promoting substance is
‘applied to one side of such a plant, it accelerates growth
(actually cell elongation) on that side, and hence the plant
curves away from the treated side. If a growth inhibitor

is used, the curvature is in the opposite sense.(80).
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The »lants msy be decapitated, and agar blocks conteining

the material under test #pplied to one side of the stuap;
alternatively, the maierisl may be applied in lanolin to

one side of the othervise untreated coleoptile, This latter
method was adontad, since only en iandication of effect on
growbth was required, and the errors inherent in the decapite-
tion technique were thereby avoided. The lenolin used was
shown to have no action in itself.

Culture conditions necessitated constant temnersture
end huwsidity #nd the spplication of wsateriasl had to be
perfoxumed by phototIOploglly inrctive (red) light. 2
deylight technique hes been described (163).

The phenoxyrcatnmidines showed growth inhibiting
propertics in those cases where th« acid showed growth
promotion, slthough the order of activity wes not the some,
2:4:6-Trichlorophenoxyrcetic acid &nd the corresponding
amidine both csussd growth inhibition. The acid has bheen
brcvioualy noted (188) as showlng no growth-nromoting
properties.

‘Soms compounds of the se:ion were also tested ss

amoebicides (Part I, p. 115 ) but showed only slight

sctivity.
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B. Aminobsenzamidines

Chemical Notes

The eminobenzaemidine series were prepnared by reduction of
the corresponding nitro compounds and the parent 4-nitrobenz-
anidine was formed in good yield from 4-nitrobenzonitrile
through the iminoether with smmnonis. Use of excess (ten moles)
of 2-eminopyridine or 2-eminothisgole instesd of aumonia wes
the best route to the asmidine substituted compounds, but gave
reduced yields. The N-phenyl derivative was easily sccessible
from 4-nitrobenzanilide, through the iminochloride end ammonia,
but attempts at analogous synthesis for the other compounds
confirmed thet the nitrobenzoyl derivetives of sminopyridine
and aminothiszole are not resdily obtuined (172a).

The N-nhenyl compound wes also made by fusion“of‘
4-nitrobénzonitrile with eniline benzenesulphonate (125), but
the product required greater purification.

The nitrobenzamidines were crystalline yellow beses,
weaker than ammonia. Reduction by stannous chloride or,
preferebly, by hydrogen over platinum (except for the thiazole
compound) produced the colourless aminobenzsuidines which were

isolated as the dihydrochlorides, the grouping

]
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which occurs in the pyridyl end thiazyl derivatives, being
mono-acidic, The bases and salts were water soluble,

Biologicel notes

The compounds were tested in vitro for bacteriostatic
action against & representative sgelsction of organisms which
were known to utilise 4-aminobenzoic acid for growth. Standard
procedures were followed, including the Oxford Cub method as
in nenicillin asssy. In addition, 4-eminobengzemidine was
tested in vivo on mice.

All results were negative,
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PART IIA

Phenoxyacetemidine Derivatives:-

Preparation of Compounds

Biological Tests.
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Part IIA. - PHENOAYAC

CHLOROCACETONITRILE

This reagént was used in the synthesis of each amidine.

References:~- All references indicate preparation of the

nitrile by dehyaration of the amide with
phosphorus pentoxide. Scholl (155%),

30-40% yield by distillation of chloroacetamide
with phosphorus pe:toxide at atwospheric
pressure. Steinkopf (165),70% yield by
distillation under reduced pressure. He
indicates that sublimation of the amide is

troublesome.

Chloroacetonitrile Chloroacetamide 100gms .

Phosphorus pe:toxide 160gms.

The chloroacetamide was measured out into a dry 1000ml.
flask a:.d the phosphorus pentoxide added = 1it£1e at a time,
the contents of the flask being mixed by shsking after each
addition. A luminous flame was played on the bottom of
the flaskas a slight vacuum was applied, a pressure of 260mm.
at the commencement of distillation being decreased slowly
to 60mm., towards the end, and the nitrile distilled slowly

'
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(epproximately 45 minutes) as a clear, colourless liquid of

rather pungent odour. It was redistilled at ordinary pressure,

elmost all boiling sharply at 124°C (listed - 124°C). Yield
80gms. (98.5%). No trouble was experienced with amide

sublimation.
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PHEROXYACETA«TDINE

Outline of Preparation

Chloroacetonitrile is refluxed in alcohol with sodium

phenate and the resulting nitrile converted to the amidine.

PHENOXYACETUNITRILE

Reference:- Pomeranz (142), from the unstable aldehyde
through the oxime with acetic anhydride.
Pritzsche (62), from phenoxyacetamide with
phosphorus pentoxide. Powell and Adam (143),
modification of Fritzsche. No yield quoted.
B.P.235°/745um. , 132°/30um.

Nitrile Phenol 1l2gus. (1.2mol)
Ethyl Alcohol 50ml.,
Sodium 2.3gms. (1 mol)
Chloroacetonitrile 6.7ml. (8gms.,1 mol)

To a solution of sodium in alcohol containing phenol,
chloroacetonitrile was added and the whole refluxed for
thirty minutes on the water-bath. After cooling, 250ml.
of water were added to dissolve the precipitated sodium
chloride end the resulting oil separated.
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The aqueous portion waes extracted with ether, added to the
oil, the whole shaken with 2N sodium hydroxide solution till
 free of phenol, and the:u washed with water. The ethereal
solution was dried over anhydrous sodium sulphate and
evaporated to give an alnost colourless oil which distilled at
235-240°C at ordinary pressure, with some decomposition. Even
under reduced pressure, the liquid darkerned on distillation,
The product was & clear colourless liquid of pungent odour, the
vapour being distinctly lachrymatory. Yield 8 gms. (60%).
Note:~ Powell and Adams obtained a 90% recovery after

‘refluxing 25gms. for 15 hours, although the liquid
darkened.(143).
PHUNOXYACETLAIDINE

The method used in Part I was followed.
Iminoether Phenoxyacetonitrile 8 gms.
Ethyl alcohol (ug dried) 20 ml.
Ether (Na dried) 30 ml.
The solution of the nitrile in the alcohol-ether was
saturatedrat 0°C with dry hydrogei chloride, the iminoethsr

starting to crystallise after five hours. The mixture was

re-saturated on the foliowing day and after a further 24 hours

the iminoether hydrochloride was filtered and washed with
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ether, giving a pure white orystalline product.
Amidine Iminoether hydrochloride (from above)
Ethyl alcéhol (Wva dried)  150ml.
Ammonia'gas
The alcohol was saturated at 0° with ammonia gas dried

by ileke sodium hydroxide, the iminoether hydrochloride

added and the pressure vottle placed in a bath thermostatically
controlled at 40° for fourteen hours. The solution, now
somewhat discoloured, was evaporated at 40° under water-pump
vacuumn, and the residue dissolved in 150ml. of 2N hydrociiloriec
acid at 60°C. The solution was treated twice with
decolorisin, carbon and finally filtered through sintered
glass to remove suspended matter. The perfectly clear and
colourless solution was cooled to 0° in crushed ice, and 10cc.
of a 50% solution of ammonium nitrate added dropwise. Within
a few minutes, white plstes of phenoxyacetamidine nitrate
gseparated, which, after standing for an hour, were filtered on
sintered gless, washed with ice-water and dried over
concentrated sulphuric acid under vacuunm. Yield 4gms.

(314). u.P. 123°%.
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Analysis : Found Required by CgH,;0,l,: (nitrate)
6 45.02% 45,04 »
H 5.28 5.16

N 19. 5 19, 7
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PHENOXYACETIC ACID

Reference:- IMinton and Stephen (116).

Phenol 9.5gus.
Sodium hydroxide 4A gus.,
in water 40ml.

Chloroacetic acid 1l0gms.
Sodium carbonate 5.5gms.,

in water 50ml,

The phenol was dissolved in the hydroxide solution and
the chloroacetic acid in the carbonate. The two solutions
were mixed and boiled under reflux for eight hours, wheu the
ori;inal brown colour had lightened considerable. The hot
solution was acidified with 2N hydrochloric acid, and the
white solid precipitated was filtered after cooling. The
phenoxyacetic acid was dissolved in 400ml. of boiling water
and the solution boiled for a few minutes to remove unchanged
phenol. On cooling, white, flat needles of the acid
separated and these were filtered, washed with water, and
dried in air. .P.98°C (listed 96° or 99°). vYield
l4gms. (924).



135 ;

p~CHLOROPHENOXYACETAMIDINE

OQutline of Preparation

Chloroacetonitrile was treated with sodium p-chlorophenate

and the resulting nitrile converted to amidine.

p=CHLOROPHENOXYACETONITRILE

This nitrile is not listed.

p-Chlorophenol 28gns,

Ethyl alcohol 80ml,

Sodium 4.6gus.
Chloroacetonitrile 13.4m1, (16gms.)

The phernol in sodium ethoxide solution and the
chloroacetonitrile were refluxed on a water bath for thirty
minutes and the mixture poured into 500ml. of cold water.

The precipitated oil was separated and the aqueous portion
extracted three times with ether. The extracts were acded

to the oii, and washed free ol phenol with 2N sodium hydroxide,
- followed by water. After drying over anhydrous sodium
sulphate, the ether was removed on the water bath, leaving a
pale brown 511 which could not be distilled even under vacuum

(10mm.) as the liquid decomposed if Ieated above 100°. The
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Liquid did not solidify in e freezing mixture of -5°c, 80
the product wes dried over sulphuric acid in e desiccetor
under vacuum., The nitrile had a pungent odour, and wes
very irritent to the eyes. Yield 30gms. (89%).
Note:- Powell and Adems (143) attempted to prepaio 2 nitrile
from p-bromophenoxyacetamide with phosphorus pentoxide,
No yield was obtained, but deep-seated decomposition

aensued,




137

P-CHLOROPHENOXYACETAMININE -

Iminoether: - p~Chlorophenoxyacetonitrile 30gms .
Ethyl alconhol (g dried) 40ml.
Ether (Na dried) 20ml.

The dry nitrile, alcohol and ether were kept at 0%

as dry hydrogen chloride was passed in for nine hours on the
first dey and for & further six hours on the day following.
The iminoether hydrochloride separated as a very dark
violet compound which was filtered, washed with ether and
dry alcohol, and dried over concentrated sulphuric acid.
Amidine Ininoether hydrochloride (from above)

Ethyl alcohol (Wa dried) 300ul.

Ammonia gas.
The iminoether salt was added to ¢lcohol, saturated with
angonia at 0°C in a pressure bottle which was placed in a
bath of cold water and slowly heated to 40°C, this
teuperature being waintained by a thermostat for fourteen
hours. The solution deposited a considerable tarry
precipitate which was filtered and found to be insoluble in
warm dilute acid. The dark filtrate was evaporated at
40°G under vacuum, leaving a very dark residue which smelt
strongly of the original chlorophenol. It was taken up in
200ml. of 2N hydrochloric aecid and treated repeatedly with
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carbon at 60°C uatil the solution showed no oiliness. On
cooling, this deposited crystals of the hydrochloride, so the
solution was cooled to Ooc a;id hydrogen chloride gas pnssed in
to complele the precipitétion. The product vas filtered,
washed with ice-cold acid and recrystallised from hydrochloric
acid at 60°C. The final product was dried over conce:ntrated
sulphuric acid at atmospheric »p»ressure. The product, MQP.70°C,

was analysed after drying for thirty six hours.

- Analysis Fouud Required by CgH)ON2Clp.3Hp0
37.34 35,00 (P dr°°h19§li{:gs
H 5.54 5.8 :
N 10.15 10.18
Cl 25. 4 25. 8

The compound was further recrystallised and dried in vacuo

over sulphuric acid for ninety six hours. i.P. 169-71°,

Second Analysis Found Recuired by 08310932912
c 4%.8% 43.47 (hydrochloride)
H 4.9 4.5

Finel yield of anhydrous product 6gms. (15.1%).
Note:- Ashley (5a) desoribes amidine hydrochlorides with

water of crystallisation.



E-CHLOROPHENOXYACETIC ACID
Reference:-  (116)

p-Chlorophenol 10gnms.
Sodium Hydroxide J.5gms.
in water 40mls.
Chloroacetic acid B8gms.
Sodium carbonate 4.5gns.
in water 50mls.

The chlorophenol wes dissolved in the hydroxide, added

to the chloroacetic ecid dissolved in the carbonate, and the

solution refluxed on the send bath for eight hours. It wes
acidified with hydrochloric acid and the white solid which
precipitated wes filtered aefter cooling. The s80lid was
edded, a little at a time, to 500mls. of boiling water from
whioh it orystallised as white needles, M.P.154-6°C (1isted
155-6°¢). The product was dried in air. Yield l2gms.

(82%).
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0-CHLOROPHENOXYACETAMIDINE.

Outline of Preparation

Chloroacetonitrile was heated with sodium o-chlorophenate
in slcohol and the resulting nitrile converted to the amidine
by a moditication of Pinner's method. Other methode were also

attempted.

0=-CHLOROPHENOXYACETONITRILE
This nitrile is not listed.

o-Chlorophenol 28gms.
Ethyl alcohol 80ml.
Sodium 4,6gms,

Chloroacetonitrile 13.4m1. (16gms.)
Chloroacetonitrile was a.ded to the alcbholic solution of
godium o-chloroplienate and the mixture reiluxed for 30
minutes on the water bath, The precipitated sodium chloride
was dissolved by addition of 500ml. of cold water forming
an emulsion, which partially separated on standing,
The nitrile was extractea with ether, freed from chlorophenol

by sodium hydroxide solution, and finaelly washed with water,
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Drying. ldethod A.

The ethereal solution was dried over anhydrous sodium
sulphate and the ether evaporated, The pale yellow oil
remaining was kept in & shallow layer over sulphuric acid in
a vacuuwu desiccator. The product had a pungent odour and
was lachrymatory. Yield 22gms. (60%). The nitrile

decomposes on altempted vacuum distillation.

Drying. Method 3.

The ethereal extract was dried over three consecutive
portions of sodiun sulphate and finally over two quantities
of phosphorus pentoxide. The ether was then evaporated and
the nitrile used immediately. The yield by this method was
55%.

NOTES:- (1) The first sodium sulpiete drying was usually
overnight, when the solution sometimes became
cloudy and discoloured, the yield being
adversely affected.

(2) The yields varied greatly in different
preparations, the lowest being 107.

(3) In the pxeparations, even when a large excess of
chlorophenol was added, ammonia was evolved

during the reflux and amide was also formed.
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0=-CHLURUPHENOXYACETAIDIN, - Method I.

The nitrile was submitted to the procedure previously
described, using excess of reagents.

Ininocether o-Chlorophenoxyacetonitrile
(dried by rethod 2) 9gms,

Bthyl alcohol (ug. dried) 13ml,
Lther (Ka.dried) 20ml,
The nitrile, alcohol and ether were meintained at
0°C while hydrogen chloride dried through sulphuric acid
was passed in. The mixture was saturated for six hours on
the first day and a further six hours on the second. On the
third, the solvent was evaporated under vacuum at 50°C.

Ammonolysis %thyl alcohol (wa dried) 150ml.

Amuonia gas.

The alcohol was saturated at 0°C with dry ammonia gas,
thé above product added, and the sealed pressure bottlé
placed in a bath at 40°C (thermostat) for fourteen hours.

The resulting solution, filtered from a little dark material,
consisted of a clear yellow ligquid whiph was evaporated under
water-pump vacuum at 45°C. The reeidue crystallised from

hot water as white plates which showed no amidine properties.
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The substence héd no baeic character end melted at 15000.
o-Chlorophenoxyacetamide melts at 149.5°C (116).

Analysis Found Bequired by CgHa0,N C1 (Amide)
51.9% 51.7%
H 4.65 4,32
7.65 7.55
Cl 19. 2 19. 2

The product was entirely amide.

REPEAT of PREPARATION
It was thought that the production of amide waes due to

unsatisfactory drying of the originel nitrile, so the
preparation was repeated using nitrile dried by ilethod B,
Lpproximately the same quantities were used and similar

conditions were adhered to, but o-chlorophenoxyacetamide was

again the only product.

CUURSE of REACTTON

The actuel course of the reaction was investigated as

follows:~ ,
o~Chloraphanoxyacetonitrile Ogms .

Ethyl alcohol (ig dried) 30ml.
. HCl gas
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The nitrile, which had been dried by Method B, was mixed
with the alcohol and cooled in e freezing mixture as hydrogen
chloride, dried through concentrated sulphuric acid was
passed in. VWhen the solution was saturated, the bottle was
sealed and allowed to stand over:i ht. On the following day, |
the solution, which was stili clear and pale yellow, was |
re-saturated. During the next four days, a crystalline
solid separated and proved to be ammonium chloride. The
alcoholic solution wes evaporated to small bulk under vacuum
at 50°C and the large crystals which were deposited on
cooling were filtered and washed with alcohol., The product
had a pleasant smell and welted at 329, 5thyl o-chloro-
,-phenoxyacetate melts at 32°C (116).

The reaction apparently followed the course:-

'QOCHECN + AHY + & C4HsOR — OOCH,;CQ;C;H; + N+ CHsC |
Ny : |

N

The ethyl o-chlorophenoxyacetate gave the amide with alcoholic
ammoniea: -

romco;c,.,ﬂs + NHy —> OCH, CONH, + CjHsOH
o o

Po utilise the Pimner method to prepare the iminoether,

it is necessary to control the amount of alcohol, or HC1l, or

both.
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0-CHLOROPHENOXYACETAMIDINE -~ Method II

From the foregoing it is seen that the formation of
imincether from o-chlorophenoxyacetonitrile does not teake
plece in fhe presence of excess alcohol and hydrogen
chloride. A modificetion wes made by adding these two

reactents only in the proportions required by the equation:

o NHeHQE
RCN + CH;OH + HY¥ — R-C

*OC,H;

Ethereal Hydrogen Chloride |

The simpleet method of adding & specific small
quentity of hydrogen chloride was by measuring a volume
of a standerdised solution of the ges in dry ether.

The ether wes dried and distilled over sodium, and the -
absorption carried out in e dry vesesel, the exit from which
wes protected by a calcium chloride tube., The hydrogen
chloride ges wes generated by dropping concentrated
sulphuric scid on sodium chloride, and dried through
concentrated sulphuric acid. The ether was saturasted
with hydrogen chloride at about 20°C, end then an equal
quantity of dry ether added, The final solut;on was
staéred in a tightly stoppered bottle,
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For standardisation & volume was run out under the
surface of about 50ml. of weter and titrated with standard
alkali, The ethereal hydrogen chloride was measured for
use from a 10ml. burette, dried and fitted with a calcium
chloride tube,

The strength of the etheresl hydrogen chloride was
found to be 1lml, = O.l64gm. HC1.

0=CHLOROPHENOXYACKT AMTDINEG

Iminosther o-Chlorophenoxyacetonitrile 10,.65gms.
Ethyl alcohol (ilg dried) 3.7ml. (2.9gms.)
Ethereal HC1l (see above) 14.1lml.(=2,33gm.HCl)
Bther (Na dried) 20ml.

The nitrile, dried by .iethod B, was mixed with the
alcohol and ether aud the ethereél hydrogern chloride added
from a dry burette, after which the vessel was sealed with
a well-fitting grounc stopper. A crystalline precipitate
eppeared in 15-30 minutes, with the evolution of some heat,
and the mixture was allowed to stand for two days at room
temperature, when the solid material was filtered and
washed with dry ether. The residue consisted of pure

white crystals of pleasant odour, which showed chloride ion
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when shaken up with water. #.P. 100°C with evolution of
gas, re-solidifying and remelting at 148-50°C
(o-chlorophenoxyacetaﬁide melts at 149w5°C).

Amumondysis - Procedure A

Iminoether hydrochloride (from above)
Ethyl aleohol (s dried) 150ml,
Anmmonia gas.

The iminocether sslt was added to the alcohol,
saturated at 0°C with dry ammonia gae and heated for
fifteen hours at 40°C under pressure. The solution,
originally yellow, was now very dark and on removing
excess a:monia, a pronounced odour of the original
chlorophenol was apparent. livaporation of the solution
to dryness at 40°C under vacuum left‘a very dark resgidue
smelling strongly of the phenol. Thie was taken up in
dilute hydrocnloric acid at 70°C and treated with
decolorising carbon to give crystals on cooling which were
filtered sand washed with cold water,. The melting point
of this compound was 144-6°C and it showed no ionisable
chlorine or other amidine properties. It did not melt
below 145°C when mixed with a sample of o-chlorophenoxy-

-acetamide (M.P.l49;5°0).
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The filtrete was given further treatme.t, but heating
appeared to cause decomposition and darkening. Addition of
strong ammo:xium nitrate solution did not give any precipitate,
nor did saturation with hydrogen chloride or treatment with
sodium hydroxide or ammonia,

Ammonolysis - Proceuure -

The iminoether hydrochloride was made &s before and added
to the alcoholic ammonia, The mixture was shaken at room
.temperature for tvwo hours, allowed to sta:d overnight, and
then heated for one hour at 3000 giving a clear yellow solution,
the colour darkening during the final heatiny. A 8light
smell of free pheunol was noticed and a little crystelline
material (amide, M.P.l49°0) was filtered. The solvent was
evaporated under water-pump vacuum at 4u°C and the residue
taken up in dilute hydrochloric acid at 50°C filtered from
tarry uweterial, which yielded some amide on recrystellisation,
and the hydrochlorid solution trested twice with charcoal at
50~60°¢. The clear, pale yellow solution was clarified by
filtration trou h sintered glass and & 507 solution of
ammonium nitrate added drepwise. A orystalline precipitate
formed immediately and wes filtered after thirty minutes

and washed with ice;water. It was recrystallised from



water at 60°C, giving needles and plates of the amidine
nitrate. This salt is only sparingly soluble in cold water
and the solution shows nitrate ion in the brown ring test.

1.P.154°C with decomposition., Yield 9gms. (53%)

Analysis Found Required by OgH,,0,N,C1 (nitrate)
¢ 39.1% 38,8%
H 4.10 4,04
16.7 16.96
Cl 14.5 14.3

NOTE:- In another preparation, ammonolysis for 10 hours at 30°C
elso ylelded amidine, but in smeller yield (35%) and
with greater quantities of chlorophenol and
chlorophenoxyacetamide.

0-CHLOROPHENOXYACETAMIDTNE ~ Method IIT

Reference:- (98) o-Chlorobengonitrile did not form the
iminoether by the Pinner method, but this
compound was made by action of silver oxide and

ethyl iodide on the amide:-

’ o A’ao , OCyHs
R-C\NH; + C,'H.;I ——— R—C\NH + ASI
Iminoether o-Chlorophenoxyacetamide 1lgn,
Ethyl iodide 6gms, (3.1ml.)
Silver oxide 58ms.

ither (Ne dried) : 50ml .
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The ethyl iodide was dried over calcium chloride and
freshly distilled and the silver oxide was prepared by
addition of sodium hydroxide solution to silver nitrate solution
the oxide being washed and dried at 90°¢c. |

The amide, ethyl iodide and ether were heated on the water
bath, the silver oxide added and tho mixture refluxed for 3
hours, when the brown colour had disappeared. The solution
wag filtered, but evaporation of the ether gave only unchanged
amnide, m.P.l50°C., showing no depression when mixed melting
point was taken with known amide.
0-CHLORQOPHENOXYACET AMIDING — LPHOD IV .

Reference: - (54) A nitrile is heated with an alkali amide
to give the metallic derivative of the amidine,
The reactants are heated alone or in an inert
solvent,

o-Chlorophenoxyacetonitrile  1Ogus.,
Sodamide _— 2.9gme.
Toluene (Na dried) ' 50m1,

The toluene was dried and distilled over sodium and
added to the nitrile which was dried by method B. The
sodamide was powdered in a warm mortar, quickly weighed and
trauasferred to the flaék which was heated gently under

reflux. After a short period of e ating, however,
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)

decomposition of the nitrile was obvious and no amidine was
isolated.

Similar results were obtained using benzene as diluent.
NOTE:- The difficulty of thermal instability might be obviated

by the use of liquid emmonia at reduced temperatures (54)|

g~CHLOROPHBNOKYACETIC ACID

Reference:- (116)

o=-Chlorophenol 26gms.
Sodium hydroxide 9.1gms.
in water 100ml.

Chloroacetic acid 20,8gms.
Sodium carbonate 1l,7gms.

in water 150ml.

The chlorophenol, dissolved in the hydroxide, was added to
the solution of the chloracetic acid in the sodium carbonate and
the mixture refluxed on the sand-bath for eight hours. The hot
solution was acidified with hydrochloric acid, cooled and the
white solid filtered end recrystallised by édding it a little |
at a time to a 1litre of boiling water. ?ha acid crystalliseﬁ
on cooling as white plates. M.P.144-5°C. (listed - 145-6°C)

Yvield 3lgms. (84%).
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2:4-DICH,OROPHSNOXYACKTAMIDINE

Qutline of Preparation

- Phenol was chlorinated to give the 2:4-dichloro compound,
treated in alcoholic alkaline solution with chloroacetonitrile
to give the nitrile and converted to the amidine,

2:4~-DICHLOROPHENOL

Reference:- (74) Chlorine passed into phenol until the
required increase in weight is observed.

Chlorination Pherol  47gus.

Chlorine
Chlorine was ge.erated by dropning concentrated
hydrochloric acid (s.g.1.16) on to solid potassium permanganate
in a distilling flask,snd dried through sulphuric acid. The

phenol was kept molten on a boiling water-bath and the chlorine|
passed in until the increase in weight was 35 gms., when the 1
molten material was transterred to a 250ml, flask and distilled
et atmospheric pressure under a good draught. The fraction |
boiling 209-210°¢ was collected (listed - 209-10° ) and the

material solidified as a white crystalline eolid of unpleasant |
and distinctive odour, of M.P.43-44° (listed - 45°). Yield

61gus. (75%).

Note:- On storage, the dichlorophenol turned slightly pink

and sublimed as fine needles.
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2:4-DICHLOROPHENOXYACETONITRILE
This nitrile is not listed.

2:4-Dichlorophenol 18gns.

Ethyl alcohol 50ml.

Sodium 2.3gms.
Chloroacetonitrile 6.7ml, (8gms.)

The sodium was dissolved in the alcohol, the dichloro-
-phenol &added, followed by the chloroacetonitrile and the
mixture heated on the water-bath for thirty minutes under
rerlux., The solution was diluted with 300ml. cold water and
extracted repeatedly with ether. The extrsct was washed with
21 sodium hydroxide followed by water and, after drying twice
over sodium sulphate, then twice over phosphorus pentoxide,
the ether was evaporated Lo give a clear yellow oil, which did
1ot ghow & boiling point at ordinary pressure, but became dark

and tarry when heated. Yield llgms., (55%).

NOTH:- In a second preparation, the chloroacetonitrile was
refluxed with 10ml. of alcohol while the alcoholic
alkaline solution of the phenol was run in over

twenty minutes. The yleld, however, wae almost

identical
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2:4-DICHLOROPHENOXYACETAMIDINE

Controlled amount of reagents for iminoether formation
and mild ammonolysis are necessary.

Iminoether 2:4-Dichlorophenoxyacetonitrile 10gms.

Ethyl alcohol (g dried) 2.9m1. (2.3ms) |
Ethereal HOl (p.145) 11.1ml. (= 1.83gme. HCl) |
Bther (Wa dried) 15ml. §

The nitrile was weighed into a dry bottle and the ether
added followed by the alcohol and ethereal HC1, After about
sixty minutes, the iminoether hydrochloride started to |
crystallise and this was completed overnight giving long white f
needles which were filtered on sintered glass and washed with i
dry ether, It had a plessant smell and showed chloride ion ;
when sheken with cold water. .7, 108-110°C with evolution
of gas, resolidifying and remelting at 199—20100.

Ammonolysis Iminoether hydrochloride (from above) |

Ethyl alcohol (la dried) 150ml.
Ammonie geas
The alcohol was saturated with dry ammonis gas a#.ooc and
the iminoether hydrochloride added. An immediate reaction was
apparent, ahd a clear colourless solution resulted, although

the solid material turned yellow at the moment of contact with
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the ammonia. After twenty hours at room temperature, the
mixture was heated for one hour at 40°C and the selution, after
evaporation under water-pump vacuum at 40°C, left a rathex dark
residue which had a distinct odour of the dichlorophenol. The
so0lid was taken up in 100ml. of 2N hydrochloric acid at 50°C,

filtered from & little dark material and treated with

decolorising carvon till all oiliness had disappeared, though a f

slight brown colour remained. The liquid was clarified by
filtration through sintered glass and chilled in a freezing
mixture as 504 emmonium nitrate was auded dropwise. The
nitrate crystallised imuwediately as small needles, which were
filtered after one hour on sintered glass and washed with
ice-water. The product was dried in vacuo over sulphuric

acid for 96 hours. #.P.181°C with decomposition. Yield

(ss nitrate) 8 gms. (574).

Analysis Found ﬁeguirod by 085994H59l2
C 34.3% 34,05 (nitrate)
H 3.5 3.2
N 14.3 - 14.8

O1 24,7 25,2

e
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8:4-DICHLOROPHENOXYACETIC ACID

References: - (116) (141)

2:4-Dichlorophenol 8,5gmse.,
Sodium hydroxide 2gms,
in water 50ml,
Chloroacetic acid S5gms.
Sodium carbonate J&ms .
in vater 50ml.

The chlorophenol was dissolved in the alkali hydroxide and
added to the solution of theacid in the carbonate. The mixture
was refluxed for eight hours on the sand-bath and the sodium
dichloropheroxyacetate, which crysiallised on cooling, was
redissolved and the solution acidified with concentrated
hydrochloric acid, The white solid which precipitated was
collected when cold, washed, and recrystallised by adding it a
little at a time to 500ml. of boiling water. To prevent the
formation of an oil, the solution was cooled slowly and the acid
formed fine white crystals which were filtered and washed with

water. The product waseir dried. M.P, 135‘?90.(115ted - 1389C)

Yield 9 gms. (82%).




2:4:6-TRICHLOROPHENOXYACETAMTIDINS

Outline of Preparation

Phenol was trichlorinated end the sodium salt reacted in
alcohol solution with chloroacetonitrile, The
trichlorophenoxyacetonitrile was converted to the amidine.
Yields from the trichlorophenol stage were poor.

234 :6-TRICHLORUPHSNOL

References:- Faust (57) direct chlorination of molten phenol.
Datta and Mitter (40) sulphonated phenol, then

passed chlorine into the aqueous solution.

Method I
Phenol 47gms,

Chlorine gas.

The phenol was kept molten in a boiling water-bath and
chlorine, generated by dropping hydrochloric acid on to solid
potassiun permanganate, was passed in until an increase of
weight of 54gms. was noted. The contents were transferred
to a 250ml. flask and distilled at ordinery pressure under a
good draught. The fraction boiling 243-46° was collected
(listed - 243-244.5°C) and solidified to a lightly coloured
solid of extremely unpleasant odour. .7.67-8%¢ (liéted'-

69.5°C). Yiéld 66gms. (657%) after recrystallisation from

aqueous alcohol.




Method II ‘
Phenol 24gns,

Sulphuric aciad
(8.G.1.84)  75ml.

Chlorine gas

The phenol was heated with the sulphuric acid on the
water bath for four hours at 100°C and then diluted with
400ml, of water. Chlorine, generated as before, was passed
into the clear, faintly coloured, solution which slowly
turned cloudy and deposited crystalline meterial, The
product was filtered, washed with water and recrystallised
from aqueous alcohol. ..7.68°C. Yield 18gms. (361),

2:4 : 6-TRICHLOROPHENOXYACKTONITRILE

Thiguitrils is not listed.

2:4:6-Trichlorophenol 25gme .,

Ethyl alcohol 50ml.

Sodium <. JgMS.,
Chloroacetonitrile 6.7ml. (8gms.)

The chloroacetonitrile was sasdded Yo the alcoholic
gsolution of sodium trichlorophenate and the mixture refluxed
on the water bath for thirty minutes. The solution was
diluted to 400ml. with cold water, an oil being thrown out
along with some s0lid material, The solid was filtered anc
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weas found to be impure unreacted trichlorophenol. The

filtrate was repeatedly extracted with ether and.the extract

washed with dilute sodium hydroxide solution, followed by water.

After drying twice over anhydrous sodium sulphate, then twice

over phosphorus ventoxide, the ether was evaporated and dark

oil remaining filtered from a very little crystalline material

(M.P. about 190°C probably auide). The filtered nitrile was

taken up in dry ether, treated again with phosphorus pentoxide

and the ether evaporated. The finél residue consisted of a

rather dark brown oil, of very pungent odour, sand lachrymatory

effsct. The nitrile darkened and decomposed if ﬁeated above

100°%. Yield 2.8gms. (11.9%).

HOTE:~ The preparation was repeated a number of times with
almost identical yield. The hydrolysis of the nitrile
group was obvious by evolution of emmonia and was not
diminishéd by increasing the sroportion of
trichloropheuol, or by adding the solution of

trichlorophenate slowly to the chloroacetonitrile.

2:4 :6-TRICHLOROPHENOXYACKTAMIDING

Iminoether 2:4:6-Trichlorophenoxyacetonitrile 2.5gus.
Ethyl alcohol (Magnesium dried) 0.6ml,
Ethereal HC1 (P.1%5 ) 2.3ml. (=0,38gms.HO1)

Ether (Sodium dried) 10ml.
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The nitrile, ether and alcohol were mixed in a dry bottle,
the ethereal hydrogen chloride added, and the bottle tightly
stopoered. A white precipitate appeared almost immediately
and the mixture was shaken and left overnight, when the solid
materiel was filtered and washed with ether. 4.2,128°C with

evolution of gas, resolidifying end re-melting at 188-190°C.

smmonolysis  Iminoether hydrochloride (from above)
‘ bthyl alcohol (Wa dried) 150ml.,
Ammonia gas
The solution of the iminoether hydrochloride in the
aloohol, saturated with ammonia at 0°C, was shaken for thirty
minutes, then allowed to stend for twenty f{our hours at room
tenperature and finally heated at 3500 for one hour. The
mixture hed darkened somewhat even at room temperature and the
firnal heating gave a very‘dark solution, which smelt strongly of
the trichiorophenol. The excess esmmonia and alcohol were
removed at 40° under the water-nump vacuum, after s 1little dark
tarry material had beeu filtered, and the residuevfroh thq
evaporation consisted of dark meterial with a pronounced odour
of trichlorophenol. This was taken up in 80ml, dilute
hydrochloric acid at 50°C and undissolved materisl filtered and

discarded. The solution was treated with decolorising carbon
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until all oiliness had heen removed, though repeated heating
apparently caused further decomposition. 50% ammonium nitrate
solution was added dropwise to the cold solution and a
crystalline precinitate appeared at once. This was filtered
after thirty minutes and washed with ice-water, Needles,

M.P. 165-6°C with decomposition. Yield 0.8gme. as nitrate
(24%).

Analysis Found g;fi%fﬁgggg (nitrate)
¢ 30.3% 30, 3%
H 2.57 2.53
N 13.0 13.26
Cl 35.3 53.6

2:4 :6-TRICHLOROPHENOXYACETIC ACID
References:- (116) - method of preparation. (16) - M.?.177°%C.

2:4:6=-Trichlorophenol 10gms .
Sodium hydroxide 2gms,
in water 50ml,
Chloroecetic acid 5gme .
Sodium carbonate 3gms.
in water 50ml .

The trichlorophenol was dissolved in the aqueous alkali,
the seid in the carbonate and the solutions mlxed and refluxed
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on the sand-bath for ten hours. The solid sodium salt which
separated on cooling wes redissolved and the solution acidified
with hydrochloric acid, The precipitate was filtered when cold
end repeatedly recrystallised from dilute alcohol, giving
glistening white needles. Trouble was experienced in removing
unchanged trichlorophenol which caused the product to come out

as an oil and materially reduced the yield, but the final product
had no odour of the phenol. M.P.177°C. Yield Sgms. (39+4).

LMY R 4
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m~CHLOROPHENOXYACETAMIDINE

Outline of synthesis

m-Chloronitrobenzene is reduced to the amine, whioh
is diazotised and converted to the phenol, This, in
alcoholic sodium ethoxide, is heated with chloroacetonitrile

to give the nitrile readily converted to smidine.

m=CHLOROAKTLINE

Referenée:- Beilstein, Rurbatow (12)
m-Chloionitrobenzene 46gms.
Ethyl alcohol 100ml,
HC1l (s.g.1.14) 200ml.,
Tin foil 55gms8.

The chloronitrobenzene was dissolved in the alcohol with
warming, the acid added and the solution heated to boiling
as the tin foil, torn into strips, wss added at a rate
gufficient to maintain the teuperature. Jetween additions
of the tin, the flask was conunected to a reflux condenser
and, at tlhe end of the addition, which took about thirly
minutes, the mixture was refluxed for ten minutes. The
solution waé rendered alkaline with solid sodium hydroxide,
sufiicient being added to redissolve the stannic hydroxide,
and the mixture steam distilled until no more amine passed

over The condensate was allowed to settle and the oilyf
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layer separated, The aqueous portion was extracted with ether,

and the extract added to the main yield. The solution was dried

over solid sodium hydroxide, the ether removed snd the residual
0il distilled at atmospheric pressure. The fraction boiling
225-30°C was collected (listed b.p. 230°0). Yield 30gms.(81%).
w=~CIHLOROPHELQL

References:- Varnholt (175), Beilstein and Kurbatow (12) and

Uhlemann (173).

Diszotisation m~Cnloroaniline 30gms.
Sulphuric acid (s.g.1.84) 13ml. (23,.5gms.)
in water 1800ml.
Sodiwa nitrite 16.5gms.
in water 150ml,

The amine was dissolved in the diluted sulphuric acid and
the solution cooled in a freezing mixiure as the nitrite
solution was introduced with good stirring, the temperature being
maintained below 500. The end-point was indicated in the usual
wey with starch-{I peper. 4 considerable smount of an orange
compound was precipitated and filtered, the clesr solution
coupling ~°-  with ﬁ-naphthol to give & red dye. This solution
wag allowed to warm up to room temperature during ninety

minutes, then heated on the steam bath with good stirring.
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Hitrogen was slowly evolved as the temperature rose and the
clear eolution gradually grew cloudy, a strong odour of
chlorophenol clso being apparent. The final temperature was
6000, at which the mixture was maintsined until nitrogen ceased
to be evolved. The final mixture was reddish~brown and there
was also some ter formed. The tarry materiel was filtered
and extracted with ether, which was used to extract the aqueous
vortion, and the total dried over anhydrous sodium aulbhate.
The dark oil remaining after removal of the ether was
distilled at atmospheric pressure and the meterial passing
over at 210-14°C was collected (listed b.p. 214°). The
product consisted of a brown oil of strong phenolic odour
which solidified on standing to needlesbof low melting point.
Yiela 7.5gms. (25%).
yote:~ Varnholt (175) indicates the use of only two
equivalents of acid, so the orange compound is
possibly the diazo-amino compound.

n-CHLOROPHENUA {xCuTONITRIL:

This nitrile is not listed.

m~-Chlorophenol 7.58us,
Ethyl alcohol 30ml,
Sodium l.2gms.

Chloroacetonitrile 3.4ml, (4gms.)
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The chlorophenol, dissolved in the alcoholic ethoxide solution,
was mixed with the chlorozcetonitrile and the mixture weas
refluxed for thirty minutes on the water bath, when sodium
chloride wes seen to separate. After dilution with about
430ml., of cold water, the nitrile was extracted with ether and
the extract washed with dilute sodiwn hydroxide solution to
remove unchanged phenol. s ter wrishing with water, the
ethereal solution was dried twice over annydrous sodium
sulphate, then twice over phosphorus pentoxide. The solvent
was evaporated on the water bath, leaving a pungent brown oil
which could not be distilled even under reduced pressure and
did not freeze at -5°C. Initial yield was 4.3gms. (44%).

The compound was stored in vacuo over sulphuric acid, but,
after two days, had become very dark =nd deposited tarry
material. The nitrile was extracted with dry ether, leaving
2.6gus. of decomposed material. Final yield 1,7gms.(17.57).

m=-CHLOROPHENOXYACET A IDING

Iminoether m~-Chlorophenoxyacetonitrile 3.2gms.

Ethyl alcohol (iiz. dried) 1.1ml.
Ethereal HC1l (p.14S) 4.501. (=0.74gm.HC1)
Ether (& dried) 20ml,

The reagents were mixed in a well-stonpered bottle and there

was an immediate reaction, an oil being thrown out. The
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stopnered bottle was éhaken for thirty minutes, when the
waterial crystallised, and the whole action appeared complete
after sixty minutes. After standing overnight, the somewhat
discoloured iminoether hydrochloride wes filtered on sintered
glass and washed with dry ether.
Lmidine Iminoether hydrochloride (from above)

Ethyl alcohol (Na dried) 15Cml.,

Aamonia gas.
The iminoether was added to saturated slcoholic ammonia and
kept at room temperature for twenty hours, then for a further
hour at 30°C. The solution was now very dark end, after
evaporation of the solvent under vacaum at 40°C, the dark
residue had the odour of the chlorovhenol. The material
was taken up in dilute hydrochloric acid at 500 , and
filtered from a little tarry solid. After treatment with
charcoal, the solution, which showed no oiliness, was
cooled to 0° and 50% ammonium nitrate acded dropwise.
slmost immediately, & crystalline precipitate apneared and
was filtered after thirty minutes, Small white plates

p.139-41%C. Yield 2.5gms. (478). |

Analysis Found W%Hm_,, 32.
. : (nltrate)
N 17.0 17.0

Cl 14.5 14.3
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2=METHY",~4 -C HL,UROPHEN JAYACETAMIDINE

Qutline of Preparation

o-Cresol is chlorinated to 2-methyl-4-chlorophenol,
converted to the phenoxyacetonitrile by treatment with
chloroacetonitrile, and hence to the amidine.

2=iBTHY -4 -CHT,ORUPHENOL

Refereunces:~ Claus, Jackson (31) direct ohlorination of

o=-gresol, 3.P, 222-5°C (40).

o=Cresol 25gms.
Gleeial acetic

acid 50ml .
Jron wire

Chlorine gas.

The cresol was dissolved in the glacial acetic acid and a
short length of iron wire placed in the solution, which was
cooled in crushed ice ss a slow stream of dry chlorine gas was
passed in. The process was continued until the weight has
increased by 8.5gms., when the solution was poured into 300ml.
of water and the ?roduct extracted with ether, The ethereal
solution was washed free of acetic acid with aqueous sodium
bicarbonete, followed by water, and then dried over anhyarous

sodium sulphate. The ether was evanoreted on the water bath

and the residual brown oil distilled at atmospheric pressure,
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the fraction boiling at 220-25% being collected. The
product was a pale brow: liquid, solidifying on cooling to
room temperature, end of typical phenolic odour. Yield
18gus. (54%).

2= THY ) =4 =CHLOROPHINOXYACETONITRILE

This nitrile is not listed

2-lethyl-4-chlorophenol 13gms.

Ethyl alcohol 50ml.,

Sodium 2.1gms,
Chloroacetonitrile 6.2ml, (7.3gms.)

The phenol wers dissolved in the alcoholic sodium ethoxide,
the chloroacetonitrile &added, and the mixture refluxed on the
water bath for thirty minutes. On pouring into 250ml, of
cold water, & little solid meterial senarated end was filtered
and the filtrate extractied with ether. The extract was
waghed with dilute sodiuam hydroxide solution, followed by
water, and after drying (twice over anhydrous sodium sulphate,
then twice over phosphorus pentoxide) the ether was evaporated
and the residue filtered, giving the product as a clear pale
yelloﬁ 0il of pungent odour. Yield 6gms. (33.3%).

Decomposes above 100°¢.

2 METHY =4 =G HLOMUL HEN QXY ACET L TDINE

Iminoether -
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2-Methyl-4-chlorophenoxyacetonitrile bgus.

Ethyl alcohol (Mg dried) 1.9ml,
Ethereal HCl (p.145) 7.2ml, (=1.18gms. )
Ether (Na dried) 50ml .,

The nitrile was mixed with the ether and slcohol and
the ethereal hydrogen chloride added. After fifteen
miputes sheking, the iminoether hydrochloride started to
crystallise., The product was filtered after stauding for
seventy-two hours and washed with sther, giving white
crystals of nleasant smell, showing chloride ion when
shaken with water. .P.115°C with evolution of gas,
re-solidifying and re-melting at 185-90°,

Amidine Iminoether hydrochloride (from ahove)
Ethyl alcohol 150ml,
Ammonia gas

The iminoether was added to elcohol seturated with
aamonia at O°C, the mixture was shaken in a pressure vessel
and left overnight at room temperature.  ‘The solution which
had darkened from the originel light yellow was finally
heated for one hour a% 35° &nd the solvent removed at 50°
under vacuum, leaving a dark residue with a etrong smell of

the chlorophenol, The solid wes taken up in dilute
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hydrochloric acid at 65° and treated with decolorising carbon
to give a clear yellow solution, This was cooled and 50%

ammonium nitrate added dropwise. The nitrate which seperated
was filtered aiter thirty minutes, washed with ice-water, and
recrystallised from water at 60°.,  W.P7. 180°C with decomposi-

tion. Yield 2.5gms. (28.9%).

Analysis Found Required by Cgiy pQ N5C.L (nitrate)
C  40.0% 41,3%
H 4.46 4.58
N

15.4 16.1

Note:- The algohol for the ammonq;yzis was not speclally
. dIi'Qd.: RO
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ks 0-GHLOROBENZONITRITE.
j o-thorobenzonltrile was prepared to compare its
reactivity with that of the o-substituted phenoxyaoetonitriles.\

Outline of Preparation

,Q~Chloron1trobenzene was reduced to the amine, which was
diazotised and converted to the nitrile.

0=CHLOROANTL TIE

Reference:- Beilstein and Furbatow (12).

| o-Chloronitrobenzene 324ms.,
Tin foil 36gmns. H
HC1l (=.g.1.16) 130nl.,
Ethyl alcohol 100ml,

The nitro-cowpound was dissolved in the hot slcohol, the
hydrochloric acid added, and the tin foil in strips at a rate

sufficient to maintain the mixture at boiling point. The

reflux was continued for ten minutes after the last of the tin
had dissolved and the whole treated with solid sodiuw hydroxide
until all the tin had_redissolved. The amine wes steam
distilled and separated from the distillate: the aqueous
portion was extracted with ether which was combined with the
main yield and dried over anhydrous sodium sulphate.

Eveporation of the ether gave a brown oil solidifying to
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needles. The crude product was utilised for the prepsration
of the nitrile. Yield 20gms. (80%)
0=CHLOROBENZORITRILE

References:- FKorczynski (92); WMontagne (117).

Diazotisation o=-Chloroaniline 20gns.
HC1 (8.£.1.16) 40ml,

Sodium nitrite 1llgms.
in water 100ml.

Phe solution of amine in the acid was diluted to 300ml. and
meinteined at 0-5°C while the nitrite eoiution was run in
under the surface with good stirring. The amine diezotised
smoothly, the end-point being indiceted with starch-KI paper
end wée filtered from a very little suspended meterisl,
giving & cleer solution a little of which coupled readily
with f-naphthol to form a red dye.
Sandueyer Nickel chloride (6H20) 35gms .
in water 200ml .

Potassium cyanide 52gus,

The nickel chloride was dissolved in warm water and the
powdered KCN added with stirring, giving a light brown
solution which was maintained at 80-90° while the diazonium
solution was added‘with good stirring., . When the addition
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was complete, the reaction mixture was heated on a boiling
water-bath until no more nitrozen was evolved and, after
being rendered acid,'was distilled in a current of steam.

The nitrile was separated trom the distillete and the aqueous
portion extracted with ether; The total yield was dried over
sodium sulphate and the ether evaporated leaving a brown oil
which solidified to discoloured nsedles, .The nitrile was
dissolved in alcohol; treated with decolorising carbon at the
boiling point, and precipitated by dropwise addition of ice-
water to the cold solution. The precipitated product was ﬁ

filtered and washed with ice-water and dried over sulphuric

aoid. M.P.40-42° (ilisted - 42-43°).  Yield 5.5gms.(25%). }
REACTION OF o=CHLORUBENZONITHITE WITH ALCOEOL AND HCL.

Reference:- According to Tander and Jewson (98) ‘

o-chlorobenzonitrile does not form an iminoether

by the normal Pinner method.

Pinner procedure

o=-Chlorobengonitrile igm.
Ethyl alcohol (Mg.dried) 10ml.
HCl gas.
Thebdry nitrile was dissolved in the alcohol and dry

HC1l passed in to saturation at 0°C. This was repeated on
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the next day, but, although the solution turned red, no
iminocether was isolated from the mixture, only impure nitrile.

The reaction, if teking place at all, did so in negligible

yield.
Modified Progedure

i

o~-chlorobenzonitrile 2.5gus.

Bthyl alcohol (mg dried) 1.lml,

Ethereal HC1 (p.145) 4.5ml. (= 0.74gme.HC1)

Ether (We dried) 25ml. ]
The mixture was shaken for one hour with no appreciable #

action and,after twenty-four hours, the only change visible
Removal of the solvent

was that the colour had become red.

left only discoloured o-chlorobenzonitrile.




ERENYLACETAMIDINE .

Reference:- ILuckenboch (105),

Iminoether Phenylacetonitrile 25.4gms,
Ethyl alcohol (Mg dried) 25ml.
Bther (Na dried) 30ml.

The fresilly distilled nitrile was mixed with the alcohol
and sther and saturated at 0°C with dry hydrogen chloride.
After standing for two days, the solvent was removed at 40°C
under weter-pump vacuum and the imihoether hydrochloride
remained as a lighf yellow powder, which was not purified.
'Amidins Iminoethexr hydrochloride (from above)

Bthyl alcehol (Na dried) 300ml,
Ammonia gas .

The iminoether salt was added to the alcohol, which had
béenlsaturated with dry ammonia at 0°C, and heated in a sealed
bottle &t 4000 for 1ifteen nours. The clear yellow solution
was evaporated at 40°C at the water-pump, leaving a syrupy

residue, which was taken up in waﬁer at 40°C, treated with

activated chercoal und filtered, To the filtrate, which was

clear and colourless, 50% aumonium nitrate was added dropwise

giving wiite plates of the nitrete. The salt was filtered on
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sintered glass, washed with distilled water, and dried inmn
vacuo over sulphuric aeid. 1.2.170°C. Yield 25gms. (70%).
The free base was prepared by adding sodium hydroxide
solution to the nitrate, evaporating to dryness over
}sulphuric scid in vacuo, and extracﬁing with boiling benzene
(125ml. for 2 gms. of phenylecetamidine) (105). The base

was recrystallised from benzene,  li.P. 106-8°C (listed -

108-112°¢).



178

PHENOXYACETAMIDING DERIVATIVES

BIOLOGICAT TESTS

References: Techniques of testing for plant growth promotion
or inhibition are described by Jensen (80). A
daylight procedure has been developed by Soding
(163).

Growth of test seédlings (coleoptiles).,

The seedlings were grown from "Ayr Bounty" seed oats
(Avena sativa). After sosking for two hours in distilled
water, the seeds were spreed on moist filter paper and exposed
to bright deylight for two hours (Note 1). After thirty-six
hours in carkness the seods were plented in tubes, 60mm.x 15mm.‘
filled with sterile silver send (Note 2), each contsining one
seed. The send was well moistened with distilled water and
the tubesg, held together by rubber bands, incubated at 26°¢
(+ 0.5°) under s dark cover (liote 3). After 36 to 48 hours,
those plants were selected which were 15 to 25mm. in length
end were straight for their whole length (e high nrovmortion
showed some curvature), This operation and the application of !
growth subgtance, were nerformed in the dark-room by photo-
tropically inactive light (wevelength greater than 5,5001).

Thie exposure decreased the length of the first

internode of the coleopntile.

2. The sand wes sterilised by ignition, the tubes
by heating to 150°C for thirty minutes.

3, The dark cover inverted over the nlants also

maintained the necessary humidity.

Notes 1.
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Preparation of growth substances

A 1:100 (weight/volume) solution in ethanol was made of
each of the acids and amidines under test (Note 1) and 1lml. of
this solution mixed with 10gms. molten lanolin (Wote 2). The
mixture was suspended in s bolling water-beth for & few minutes
and then allowed to sst. A blank was also prepared with only
alcohol and lanolin,

Notes 1. The solution of en amidine salt was made up to
contain 1:100 of ths emidine basa,

. A gseries of ranging tests with 2:4-dichlorophenoxy-
scetic sci’ chowed thet a concentration of 1:1000
was suitable for the technique described,

N

Application of growth substances

Using a small glass snatula, the lanolin paste containing
the substance under test wers annlied to one aide of each
seedling for about 20mm. from the tip. This operatidn was
conducted by ohotropically insctive light and the plants
replsced under the dark cover before incubation at 26°c. Eech
compound was applied unilaterslly to nine to twelve seedlings
(Note 1) which were accompanied by three controls, After 200
to 300 minutes, the curvatures were photographed,

Noteg 1. Six to eight test objects are considered sufficient
to demonstrate growth action in a compound; ten to
twelve sre nrefereble for semi-quantitative work (8Q),

. Twelve »nlents, treated with "3lenk™ lesnolin péste,

no

showed no curvetures.
Results - An approximation to the relative growth promoting
end inhibiting properties of the compounds tested was provided

by measuring the average sn.le of curvature, of, nroduced by

& comnound et & concentretion of 1:1000.
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UNTREATED GROWTE GrowzE T
CoLEOPTILE Proworzon 1 INAIBITION

Photographs of typical curvatures induced by acids and the
corresponding ainidines are shown, the preparations being
applied on the left of the plants, as seen in the photographs.
Details are given in the table.

Fig.1l. 4-Chlorophenoxyacetic Fig.2. 4-Chlorophenoxyacet-
acid. Slight growth promotion amidine hydrochloride. Power-
ful growth inhibition.

Fig.3. 2 :4-Pichlorophenoxy- Fig.4. 2 :4-Dichlorophenoxy-
ecetic acid. Powerful acetamidine nitrate. Moderate
growth promotion. growth inhibition.
Fig.5. 2:4:6-Trichloro- Fig.6. 2:4:6-Trichlorophenoxy-
phenoxyacetic acid. acetamidine nitrate. Moderate
Moderate growth inhibition. growth inhibition.

The following table summarises the results. The concen-

tration of each compound v/as 1:1000 (ainidines as bases) and
there were three controls for each compound tested. According
to convention (80), -of indicates growth promotion, +of

inhibition.
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Compound , Photo- Time of No. of Average
: - graph epplen, test curvature

refsyencs in mins. objects o, in
' ‘ degrees

Phenoxyscetic

acid - 210 9 -4

Phenoxyecetamidine

nitrate - 210 9 +3

2-Chlorophenoxy- .

acetic mcid - 210 10 -15

2=Chlorophenoxy-

acetamidine nitrate - 230 11 - +6

4-Chlorophenoxy-

acetic acid Figo 1. 280 9 -8

4-Chlorophenoxy-

acetemidine

hydrochloride Fig. 2. 260 12 +34

2:4-Dichlorophen~

oxyacetic acid Fig. 3. 300 11 -22

2:4-Dichlorophen-

oxyacetamidine

nitrate Fig. 4. 200 12 +12

2:4:6-Trichloro-~-

phenoxyacetic

acid Fig. 5. 280 12 +11
2:4:6-Trichloro-

phenoxyacetamid-

ine nitrate Fig. 6. 280 10 +14

Note: Meximum curvature in these tests occurred after

about 200 minutes,
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Amoebicidal tests
' The following compounds were also tested as amoebicidal
agents. The technique is described in Part I, p. 1195
Phenoxyecetemidine nitrate
2-Chlorophenoxyacetamidine nitrate
4-Chlorophenoxyacetamidine hydrochloride
2:4=Dichlorophenoxyecetanidine nitrate and also
Phenylecetamidine nitrate.
All compounds showed slight activity at a concentration
of 1:1000 end none at 1:100,000. p-Chlorophenoxyacetamidine
nitrate showed some activity at 1:10,000 but wes insctive in

vivo esgeinst Entamoeba histolytica infection in rates at e
dose of 250mg./Kgm. body weight.

RV R




PART IIB

EXPERTMENTAL

4-Aminobenzanidine Derivatives:-

Preparation of Compounds
Biological Tests.
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Part IIB. - 4-AMINOBENZAMIDINE DERIVATIVES
4-AMTNOBENZAMIDINE

Outline of Preparation

4-Nitrobenzonitrile, made from p-nitroaniline, was

converted to 4-nitrobenzemidine and reduced to the amino

compound.,
4 -NITROBENZONITRILE -
Referenceg:- Diazotisetion of amine and addition to
cuprocyanide - (17,153): use of nickelcyanide
solution - (92): nitrile, M.P.149°% - (19).
Diagotisation 4-Nitroeniline TOgms .
Hydrochloric acid 180mls,
(s.8.1.16)
in water 180mls.
Sodium nitrite 38gms.,
in water 250mls,
Crushed ice 250gms.

The amine was dissolved in hot dilute acid end allowed
t0 cool to room temperature with good stirring. The
crushed ice wes added, followed by 200mls. of the nitrilke
solution in one quentity, the temperature rising fo 8°¢c.
After stirring for fifteen minutes, the diszotisation was
completed by careful eddition of nitrite and the result was
a cleer yellow solution which coupléq with elkaline ﬁ-naph-

thol to give a red dye. 3

' Sandmeyer Nickel sulphatel . T8gnms. .
‘ in watey 1000mls.
Potassium cyanide ‘;BOgmsf

(technical) .,

~r
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The nickel sulphzte wss dissolved in hot water end the
Ipowdered cyanide added. The light brown solution resulting
was maintained af 80-90°C while the diazonium solution wes
added over forty five minutes with good stirring. The
solution was then rendered eclid with hyarochloric scio snd
kept at 90° till ges cersed to be svolved, The wixture was
steem distilled and the nitrile obtrined as nlates which were
filtered from the condensete (10 litres), waslied and dried in
eir. :.7.148°C (Listed - 149°)., Yield 28gms. (38-).

4-NITRUBEKZAIITDINE

References:- M.P., of iminoether hydrochloride 197°C
(140): #.P. of smidine hydrochloride
295-6°C - (46).

Iminoether 4=Nitrobenzonitrile Bgus.
Ethyl eicohol (iig dried) 1Omlas.,
Chloroform (PZO5 aried) 4ouls.

The ether-slcohol solution ot the nitrile wss saturated
with dry hydrogen chloride &t 0% (kote 1.) and re-saturated
efter twelve hours. After & further eizhteen hours, the
derk red liquid was evevorsted st 45°C underfreduced nressure
(iiote 2.) end the crystalline residue wmeited at 196-8°¢ with
decomposition (listed - 197°C).

Wotes 1. Cooling was not intsnsive since the nitrile

tended to crystsllise.
2. The iminoetiner hydrochloride was resdily

goluble in cnloroform.
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Amidine Iminoether hydrochloride (from above)
'~ Ethyl alcohol (lia dried) 150mls.
Aumgonis gas

The alcohol was sstureted at 0°0 with dry ammonis, the
iminoether hydrochloride added, and the pressure conteiner
sealed. The mixture was hested for ter hours in a water
bath, thermostaticelly msintsined at 410, Torwing a clear
and lightly coloured solution, wihich, on cooling, deposited
e crop of light yellow rhombs, #.~.294°C with decomposgition
(Listed - 294=-6° for 4-nitrobenzsmidine hydrochloride).

This product, when shaiken up with werm weter, showed
chloride ion. The mother liquor wes evenorated at 4500 ond
gevé e further crop of the hydrochloride. Totel. yield of
hydrochloride 8.9gms. (82%).

4 -ARTHOBIENZAMIDINE

Reference:~  (46)

4-Nitrobenzamidine hydrochloride 6.5gms.
Stannous chloride, 2H20 20 gms,
Hydrochloric acid (s.g.l1l.16) 35 ml.
Tin foil 10 gme.

The amidine hydrochloride w-s dissolved in the
golution of stennous chioride in tne hydrochloric scid sand

the tin foil, torn into swell strips, sdded over e short

time. After gentle rexrlux for one hour most of the acid
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was removed under reduced pressure and the solution

. diluted fo éboux 150mi. The tin wee rewoved as sulphide
and the clear aolution evaporated on the steam béth to
;cr&stallisation point. On cooling, the dihydrochloride
separeted as long needles, which were filtered and wsshed
with the minimum of cold hydrochloric acid. M. 2, 317-20%
with decomposition (listed = about 320°G). This salt is

very soluble in water or alcohol end sodium hydroxide does

not precipitate the amidine from an equeous solution.

The monohydrochloride wes nrenured from the
dihydrochloride by treeting # solution with the theoretical
amount of standsré sodium hydroxide solution and evaporating
to dryness. The smidine wes extrected with boiling
alcohol and gave crystals which were re-crystellised from
. eleohol. 4,P,220-22°C (listed - 225-6°) after drying\
in vecuo over sulphuric ascid. Totel yield (as

”fﬁ'éiﬁidfbcﬁloride) 2 gms. (30%).
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4~AMTNO=N*~PHENYLBENZAMIDINE
Qutline of Preparation

The 4-nitro-N3-phenylbenzamidine wae prepared by two
methods: -
(A) 4-Nitrobenzoyl chloride and aniline geve
4-nitrobenganilide which was converted to 4-nitro—N‘—
~ =phenylbenzemidine vie the iminochloride.
(B) 4-Nitrobenzonitrile wes fused with sniline

benzernesulphonete to give the smidine benzenesulphonate.

2 Iy NHy
A o, -&- NHG g —> N04®~Q-Ncbu, —_— NOJ -c{
/_\_:.> NG
‘ NH Y
® NC i+ 4803 O Hg

in both ceses,the nitro compound wes catalyticaily reduced to

the amine.

Prepsretion &.

4-NITROBENZOYL CHLORIDE

 References:- (3), (61).

4-Nitrobenzoic. gcid . 50gas.,
‘Phosphorus.; pentachloride 65gns.
' Phe acid was acded with shaking to the’ phosphorus.

.pentachloride end the mixfure warmed on'the weter bath to
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initiate the remction. When this hsd suhsided, the reaction
megs wes heated for thirty minutes snd volatile matter
distilled off at 100°C under reduced pressura. The residue
wag exhaustively extracted with boiling petroleum ether
(boiling 60-80°C) wkich wes filtered and, on cooling,
deposited pale yellow needles of tﬁe acid chloride. M.2,
74%¢ (listed = 75°). Yield 49Ygms. (88.5%).
4-NITROBENRZANTLIDE

Reference:  (10).
4-Nitrobenzoyl chloride 8gms,
Aniline 3.78“13. (3.6“110)
2 Sodium hydroxide 30ul., (excess).

The aniline wasg shsaken up in & glsss-stonnered bottle with
the esqueous alkali end the nitrobenzoyl chloride added in
one quantity. There wes en iamediate resction and, after
sheking for twenty ainutes, the yellow crystalline product
was filtered and waeshed thoroughly with water. Crude

meterisl, ¥.7,209° (listed - 216°). Yield 9zms. (937).

4-NTTRO=N}=PIELRAYTBEHZAATDINE

Leferences:~- (101) - 3-litro-xl-vhenylbenzomidine;
(179) - F-phenylbenzauidine.

Iminochloride 4-Nitrobenzanilide Sgus.
Phosphorus.. pentachloride 8gms.

The enilide wes trested with the phosphorus pentachloride

et 100°C for thirty minutes with sheking end volatile ustter
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removed under vacuum. The dark residue was extracted three
times with boiling petroleum ether (B.P.60-80°) which
deposited on cooling lemon yellow plates of the iminochloride,

#,P.118°. Product was easily soluble in ether.

Amidine Iminochloride (from above)
Ether . T5ml.
Aqueous Ammonia 25nml.,
(s.8.0,.,88)

The iminochloride was transferred to a glass-stoppered bottle
contsining the ether and the aqueous ammonie edded. The
bottle was shaken for a short time, when the solid passed into
solution, and it was noticed that the ether leyer was coloured
yellow, while the aqueous portion was colourless. After
standing overnight, the yield of bri ht yellow solid was
filtered and the ether lsyer evaporsted to give more of the
seme crystalline product. Bright yellow needles (base)
¥.P.185°C. When shaken with concentrated hydrochloric acid,
this compound formed a sparingly soluble hydrochloride of a
paler yellow colour and #.7.240°C with preliminary darkening

at sbout 230°C. Yield (as base) 4.2gms. (474).

Prepaxation B.

. ANILINE BENZAWESULPHONATE

Aniline sulphate 15gms.
Berium benzenesulphonate 20gms,
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 The two salts were dissolved in the minimum of water,
heétad to boiling point snd mixed. After settling on the
steam bath, the barium sulphate was filtered énd the
filtrate eveporeted to dryness. The residie which was
not purified, was dried at 100°0.
4-NTTRO-N}-PIENYLBENZAMIDINE

References: (124,125).

4-Nitrobenzonitrile (p.183) Tgms.,
Aniline benzenesulphonate 30gms .

The two couponents were intimately mixed and heated
on an oil-bath in a herd-gless tube. The temperature weas
slowly raised until e homogeneous melt wes obtsined (200~
210°C,intornal tempnereture) and the fusion meintained for
fifteen winutes. After cooling,‘the tube wes broken and
the product ground and tritureted with scetone. From the
residue, after filtration, hot dilute hydrochloric acid
. extrected all besic materiel end, sfter treatment with
chercoel, tnis was precipitated with sodium hydroxide.
~The yellow amidine bese was flltered, wsshed snd re-oryst-
‘allised from alcohol to give yellow needles, M.P,185°C and
showing no depression of wmelting point when mixed with the
product from Preparation A.

4gms., of 4-nitrobenzouitrile were obtrined from the
acetone extract.

Yield of amidine bese, 2.3gms. (207 on 4-nitrobenzo-

nitrile). Recovered 4-nitrobenzousitrile, 4gms.(57%).
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4~AMTHO-11} ~PHENYTLBSNZAMIDINE

References:- Platinum oxide hydrogenation catalyst - (2)

4-Nitro-N‘-Phenylbenzamidine 3gms.
in ethyl aleohol 30mls.
Platinum oxide cetalyst 0.1gm,

The platinum oxide catalyst wes prepared according to
reference (2). The nitro-compound was dissolved in hot
glcohol, the platinum oxide added and hydrogen nessed in
at slight'y above astuoenheric pressure (fifteen inches of
watar), With constent sheking, hydrogen wes readily
absorbed snd 840mls. were taken up sfter ailowing 70mls. for
reduction of the catalyst., when hydroyen ahsorption was
complete, the pletinun was filtered ena the elcohol
evaporeted uunder reduced pressure. The residue was
gissolved in 154l1s.2N hydrochloric acid, treated with char-
coel and the volume reduced to 5 mls. Additior of excess
ecetone (200mle.) precipitated ths white dihydrochloride as
a microcrystalline powder which was filtered and washed with
acetone. . 2.254-6G. | This salt, on exrosgure to air,

agsumed a light brown colour. Yield 2.2gms. (624).

Analysis Pound Regquired by Glaglsgsglz.geg
C 52.8% 51.7% '(dihydrochloride3
H 5.66 5.6% 1H,0

N 13.7 13.9




4-AMINO~NY = (2' -PYRIDYL) ~BENZAMIDINE

Qutline of Preparstion
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4-Nitrobengiminoethyl ether, prepared from the nitrile,
wag treated with excess 2-sminopyridine to give 4-nitro-N'-
( 2' «pyridyl)-benzamidine which wes catalytically reduced to

the amine.

4-NITRO=N'=(2'=-PYRIDYL)=-BENZAMIDING

Iminoether 4-Hitrobenzonitrile 3.4gms,
‘Ethyl elcohol (ug dried) 5ml.
Chloroform (PZOS dried) 30mls.

The iminoether was prepared as previously described

(p.184). 7Yield of hydrochloride, 4.2gms. (79%).

Amidine Iminoether hydrochloride (1 mol.) 4.2gms,
2-Aminopyridine (10 mols.) 17gms.
Ethyl alcohol (lia dried) 150mls.

The iminoether hydrochloride was added to the slcoholic

aminopyridine end the solution heated in a sealed bottle for

ten hours at 40°C (thermostat). The volume wasg reduced,

under decreased pressure, to Il ss than 100mls,, and the yelloy

crystalline product which deposited on cooling was filtered

and washed with cold alcohol. A further crop was obtained

on evaporation and the total yield was recrystallised from

aqueous alcohol. Bright yellow plates, sparingly soluble

in cold water, end not alkasline to litmus, Free base,
M.7.1849%. Concentrated hydrochloric acid produces the

hydrochloride as white needles, M.P.226-8°C, soluble in
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'
water to a colourless solution from which ammonium nitrate 1}

precipitates the amidine nitrate as white needles. N.P.
212°C. Both these salts were filtered, washed with ice-
water and dried over concentrated sulphuric acid, Ammonia
precipitates the base from solutions of the selts.

Yield (as base) 3.,lgms. ( 70 %).

Anelysis Found Required by G, H, 0,N, (bege )
. H 4.32 4,14
N 23.6 23.1
4-AMINO=NY- (2" ~PYRIDYL)-BulZ A IDINE

Refeience:- Platinum oxide hydrogenation catalyst - (2).
4—Nitro-N1-(2'-pyridyl)-benzamidine 2gms.
in BEthyl elcohol 30mls.
Platinum oxide catalyst O.1lgms.

The platinum oxide catalyst, prepared according to the

above reference, was added to the solution of nitro compound
which wes sgiteted as hydrogen weas pessed in under slight

pressure (fifteen inches of water). A total of 600mls. of

hydrogen were absorbed in five minutes with the evolution of

heat end the colourless solution, after filiration, was

evaporated to about 15mls. under reduced pressure. Three
mls. concentrated hydrochloric acid were added and the
solution clarified by warming to 40°C with charcoal. The

solution was evaporated to crystallising point and the
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product obtained on cooling filtered~and washed with acetone,
Similar re~crystallisation from alcohol gave the dihydro-
chloride as a micro-crystalliﬁe powder. i{.P.284-6°C with
decomposition. Yield 2.0gums. (85%).

Analysis Found Reguired by G, H,,N,01,
_ , %dlh§ﬁrochloride)
C 50.3% 50.5%
~H 5.05 4,91

§20.15 19.7
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4-AMINO-N' - (2-THIAZYL) -BENZAMIDINE

- Qutline of Preparxation
The iminoether of 4-nitrobenzonitrile was treated with

exgesgs 2-aminothiazole and the resulting nitrothiazylbeng-
eamidine reduced to the emine,
4-NITRO-N1—(ZLTHIAZYL)-BENZAMIDINE

Iminoether 4~Nitrobenzonitrile (p.183) 6gms.
: Ethyl alcohol (Mg dried) 10mls.
Chloroform (PZOS dried) 40nls.

4-Nitrobenziminoethyl ether hydrochloride was prepared as
described on p.18%.

‘Amidine Iminoether hydrochloride (from above)
2-Aminothiazole 42gms.
Ethyl alcohol (Wa dried) 150mls.

The iminoether was added to the alcoholic solution of

the amine and the mixture heated at 41°C for eighteen hours.
"The volume was reduced to 100mls. et the water-pump end 150

mle., 2N hydrocialoric acid added.  The solution, after

clarification by treatment et 70°C with charcoal, was cooled

to 0°C and non-basic materiel filtered. Aqueoug emmonia

(8.5.0;98) precipitated thé amidine base which was recrystall-

iped from dilute alocohol. Yellow plates, l.P.166-7°C.

Yield 4.4gms. (44%). |

Analysis Found Required by C, Hg0,N,5 (base)
C 47.2% 48.4%
H 3.88 3.23

N 22,2 22.4
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4 =AMTRO-N=(3=THIAZYL ) ~BENZAMIDINE

Reference:- Reduction by alcoholic stannous chloride - (152a)
. 4-Nitro-NJ—(ZLthiazyl)-bonzamidino 1l.5gms.
£ in alcohol 15mls.

Stannous chloride, 2H20 5.3gms.
in alcohol 6mls.

The stannous chloride was suspended in the alcohol and
dissolved by saturation with dry hydrogen chloride. The
solution was cooled and the passage of gas continued during
the dropwise addition of the alcoholic solution of the nitro
compound . The temperature rose, and the yellow colour was
discharged immediately with the separation of the white
crystalline emine stennichloride. After standing for twelve
hours, the solid was filtersed and the filtrate eveporated to
dryness under reduced pressure. The two residues were |
dissolved iﬁ 50mls. water and the tin removed by hydrogen
sulphide. The clear solution was evaporated to ebout 5Smls.
under reduced pressure and the crystalline solid obtained on
cooling filtered on sintered gless and washed with acetone.
Dihydrochloride, needles, #.7,235-8°C (decomposes) with
darkening at 230°C. Yield, O.4gms. (23%).

Anslysis Found Required by C,.H,,N,S01,
C 40.3%  41.3% (dihydrochloride)
H 4.15% 4,13
N 18.6 19.3
s 11.2 11.0



Note - The nitro compehnd 6ould not be hydrogenated over

platinum oxide (2) while excess Raney nickel (118)

I

i caumed desulphurisation of the compound.

L : at

\
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#MINOBENZAMIDINE DERIVATIVES

BIOLOGICAT, TESTS

In Vitro Tests | | o N

Preparation of Solutions

1:1000 solutions of the dihydrochlorides of 4-aminobens-
amidine, 4~aminoeNl-phenylbenzamidine, 4-amino-N1-(2prridyl)-
bengamidine, and 4-amino-N1-(thhiazyl)-bonzamidino were
prepared in sterile distilled water and seriel dilutions mede
from these to give concentrations of 1:2000, 1:4000 and 1:8000.
By following the usual bacteriological precautions in the
preparation of the dilutions, it was found possible to diepense
with sterilisation of the solutions by Seitz filtration.

Testing of Compounds

The tesf organisms were Bacterium coli, Bacterium typhosun,
Staphylococcus pyogenes (eureue) end Proteus vulgeris,all of
which are known to utilise 4-aminobénzoic acic in their life
processes.

A channel, 3-6mm. wide was cut from one sgide of an ager
plate 6-8mm, desp end 100mm. in diemeter. A streak was made
of each orgenism from the edge of the channel across the plate,
using a platinum loop snd a suspension in eterile water and the
chennel filled with the solution under test. Similar plates

were prepared for each concentretion and e control with water

-wes included for each compound. After 20-24 hours at 3700,
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growth on the treated plates was compared with that on the
controls.

A further seriss of tests were conducted by first
seeding en agar plate by flooding it with a water suspension
of Stsphylococcus pyogenes, dresining the excess, and placing
the'plate in the incubator for one hour. FPour porcelain
rings, 9mm. long and 6mm. internel diemeter, were pressed
lightly into the surface of the agar, and the resulting cups
filled with the various concentretions under tsst, Similar
plates were prepared for each compound and incubated at 37°C
for 20 hours.

Results
Inspection of the plates in both series of tests and

comperison with the controls showed that, in the concentration
1:1000 to 1:8000, the four amidines did not inhibit the growth
of the organisms tested. '

In Vivo Test

Professor C.H. Browning, of Glasgow University, made
subcudaneous injections of 4-aminobenzemidine dihydrochloride
in mice. The meximum tolersted dose, 600mg/Kgm. body weight,

showed no ohomothorapeuxic‘effact on Trypanosoma brucel or

Trypanosoma congolense.
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COMPOUNDS CLAIMED AS NEW, - =~ f

The following compounds are not described in the literature
up to that covered by Chemicml Abstracts of October 1946.

"d" indicates decomposition at tempersture quoted.

Melting point °C

4-Amino-2'-hydroxydiphenyl ether 170°
4~Amino-N' -phenylbenzamidine dihydrochloride 254-6°
4~Amino-N' «(2" -pyridyl)benzemidine dihydro- o
chloride 284 =6
4~-pAmino-N! -(2'-thiazolyl)benzemidine dihydro- o
chloride 23538 d
4-(p~-Bromoethoxy)benzemidine hydrochloride 250°d.
3-Bromo-4-hydroxybenzamidine hydrochloride 270o .
2-Chlorophenoxyecetamidine nitrate 154 d.°
3-Chlorophenoxyecetamidine nitrate 139-41o
4-Chlorophenoxyacetamidine hydrochloride - 139571
Q 0
2=-Chlorophenoxyacetonitrile 2 Unstable oil
3-Chlorophenoxyecetonitrile Unstable oil
4-Chlorophenoxyescetonitrila Uhutabls oil
3:5-Dibromo-4~-hydroxybenzamidine base 30874 o
hydrochloride 275580
2:4-Dichlorophenoxyscetamidine nitrate 181%a
2:4-Dichlorophenoxyacetonitrile Unstabls oil
2:4-Dihydroxybengemidine sulphate 276°d
2:4~-Dime thoxybenzamtdine hydrochloride S 258°d
4-Ethoxybenzemidine basse 104 °
4- 2v_Hydroxyphenoxygbenzamidine nitrete 1646
4-(4'-Hydroxyphenoxy )benzemidine base, 1H,O 218 o
| hydrochlorid8, 1H,0 228=31
3-Methoxy-4-hydroxybenzemidine hydrochloride 27506
3-lethoxy~-4~hydroxy-5-bromobenzamidine base 286 o
» hydrochloride 275-80, d!
4-(2'-ifethoxyphenoxy )benzamidine base 148.51°
4-§4'-Methoxyphenoxy) benzemidine hydrochloride 158-60
2-Methyl-4-chlorophenoxyacetonitrile Unstabls oil
2-llethyl-4-chlorophenoxyacetamidine nitrate 180°d
4-Nitro-N'-phenylbenzamidine bese 1852
hydrochloride 240_d
4-Nitro-N'-(2'-pyridyl)benzamidine base 184°
hydrochloride 226-8°
nitrate 212
. 4=Nitro-N'-(2tthiaszolyl)benzemidine base 16557°
Phenoxyacetemidine nitrete 1237
Phenylacetamidine nitrate 170
2:4:6-Trichlorophenoxyacetonitrile Unstable gil
2:4:6-Trichlorophenoxyacetamidine nitrate 165-6"d






SUMMARY AND CONOLUSIONS

Part I
The preparation is described of twelve derivatives of

4~hydroxybenzemidine of the general formulae:-

R = H":Caﬁs-:BrCHZCHz": R = H-: CH3"
o-CH3006H4f:p-CH3006H4-:

R,K"= H-:Br-: CHy0-

The method of prepsretion wes from the nitrile through
the iminoether h&drochloride (Pinner's method) epplying
modifications es required, e.g. as regards solvent,
method of isodstion of product, etc, Owing to the
failure of the methods attempted for the synthesis of
2- and 4-hydroxy-4'-cyanodiphenylether, the corresponding
smidines were prepared by demethylation of the methoxy
compounds with 57% hydriodic scid. Similarly,
demethylation of 2:4-dimethoxybenzemidine produced the
dihydroxy derivative which was not aveilable through the
nitrile. A full list of the compounds is given on
p.115.

The compounds were submitted to WMessrs. I.C.I.,

Dyostuffs Division, Bleckley, Manchester for test as

201
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amoebicidal agents, Emetine hydrochloride being used as a
comparative standard. A few of the compognds showed slight
activity in concentrations of 1:10,000: the remainder were
slightly ective at 1:1,000. None of the compounds whowed
eny promise as a therspeutic agent. The tests are fully

reported on p.1ll1l5.

Part II
Two series of amidines were prepared, the phenoxyascetamid-

~ines (A), and the aminobenzamidines (B).

Xl" ’

. 'WW\ o N s
P OCHac\NHa - T “NHR
xl

A. B.

X*,X',X'"" = He:Cl-. R = H-: phenyl: 2-pyridyl:
2-thiazelyl.

Both series of compounds are analogous to earboxylie acid
growth factors, A to the phenoxyacetic acid derivatives which
are synthetie plant growth factore, and B to the natural

bacterial growth fsctor 4-aminobenzoic acid.

Part IIA.

Phenoxyacetamidine and four chlorinsted derivatives were
prepared from the corresponding nitriles, of which only
phenoxyacetonitrilo has been previously describved. These
" nitriles, which were thermslly unsteble oils, wmhowed
abnormel reactivity towards slcoholic hydrogen chloride,

and it was found necesssry to modily the conditions of
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reaction in order to obtain the iminoether hydrochloride.
Using the conditions for iminoether formastion developed in
" Part I, a nitrile such as 2-chloro-phenoxyascetonitrile gave
the ester and ammonium chloride.

It wes shown that the reactivity coulq be ascribed to the
ethereal oxygen atom, snd was not sffected by ortho substitu-
-tion in the aromatic nucleus.

Concurrent biologicel tests of each amidine snd its
cerboxylic acid analogue were cerried out by the recognised
technique on oat deedlings (p.178).The amidihes were found
$o show distinot growéh inhibitory propertiese, though in
varying degree, 4-chlorophenoxyacetamidine being the most
powerful. The carboxylic acids have alreedy beenlisted as
plant growth promoting agents.

Part IIB.
‘Four emidine anelogues of 4-aminohenzoic acid were
prepared, 4-smino-benzemidine itself, and three amidine
gubstituted derivatives, in each cese by reduction of the
corresponding nitro compound. The parent unsubstituted
amidine and the 2-pyridyl end 2-thiszolyl compounds were
prepared from 4-nitrobenzonitrile, through the iminoether
" with excess ammonie or primery amine; the phenyl derivative
was most eesily made from 4-nitrobenzanilide through the
iminochloride and snother method consisted in fusion of
4-nitrobenzonitrile with aniline benzenesulphonate. The
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smines were prepared from the nitroamidines by reduction with
stannous chloride or, where applicable, with hydrogen over
platinum,

The biological tests were carried out using four bacteriel
organisms which are known to require 4-aminobenzoic ecid in
their metabolism. The techniques uped are standard and are

».198. The organisms were cultured on ordinary

Y,

described on
agar media and exposed during growth to concentrations of the
amidines varying from 1:1,000 to 1:8,000. No indication
could be found of interference with growth by any of the four
eamidines tested.

Suggostions for further work.

‘The uniformly negative results of the 4-hydroxybonzamidine
series indiceto that there is little to be hoped for from the
investigation of mono-smidines derived from this compound, a2t
any rate as regerds amoebicidal activity. ‘

The growth inhibitory properties demonstrated in the
phenoxyecetamidine derivetives are of biological significance
end it would be of interest to prepare the amidines
corresponding to other plant growth fectors, msny of which are
cerboxylic acids, eig. indole-3-scetic ecid, naphthoxyacetic
acid, the chlorophenoxypropionic end butyric acids, etc.

Suech biological acid-amidine antithesie suggests possible
extension to the carboxylic acid bacteriel growth factors,

even though the 4-sminobenzoic escid analogues gave negative
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results; for example, emidines related to traumatic_acid,
nicotinie acid, pantothenic acid, end other naturslly
occurring growth factors might be prepsred. Other examples
are quoted on p.118. A necesssry prerequisite would be =
strictly controlled and stendardised method of in vitro
testing. Culture of the orgsnisms on an inorgenic substrate
(silica gel) with synthetic nutrient end growth substance
added in known amounts would be nrefereble, and should be
supplemented by in vivo tests.

The effect of substitution in the emidine grouping of
active compounds could be investigated, in the first place
by systematiec substitution with elkyl, eryl snd heterocyclio
groups to show whether significent elterstion of activity
could be expected, finally narrowing down the type of
substituent to achieve maximum biologicel activity. JFor
the compounds intended as anti-bacterial agents the type of
suﬁstituént shown to be sctive in the sulphonamide series
of drugs would be of particular interest, viz. pyridine,
thiszole, pyrimidine, guenidine, ete.



ARV TR (1 T R S e g

S

P

104

BIBL




208 '

BIBLIOGRAPHY

(1) Adame,R., Cohen,P.L., and Rees,0.W.: J.Amer.Chem.Soc.
N 49,1093 (1927).
(2) Adems,R., Vorhees,V., and Shriner,R.L.; Organic
Syntheses, Collective Volume I, 2nd Edition, p.463.
John Wiley and Sons, Inc., New York (1941).
(3) Adams,R., end Jenkins,R.L.: Organic Syntheses, Collective
- Volume I, 2nd Edition, p.394., John Wiley eand Sons,
Inc., New York (1941).
(4) Adkins,H., and Shriner, R.%L.: "Organic Chemistry. An
Advanced Treatise", edited by II.Gilmen, Volume I,
2nd Edition, pp.779-834. John Wiley and Sons, Inc.,
New York (1941).
(5) Ashley,J.N., Barber,H.J., Ewing,A.J., Newberry,G., and
Self, A.D.H.: J.Chem.Soc., 1942,103-116; (e) p.107;
(b) p.113; (c)p.114; (4) Ashley,J.W., and Herris,J.D.:
J.Chem,Soc., 1946,567-72.
(6) Auwers,K.V., and Ernst,W.: Z.Physik.Chem., 122,217-49,
o (1926).
(7) Avery,G.S., Berger,J., end Shalucha,B.: Botan.Gaz. 104,
281-7 (1942); Chem.Abstrects 37,1471 (1943).
;(8)‘Barber,H.J., and Self,A.D.H.(May and Baker Ltd.):
British patent 551,445 (1943). '
(9) Barber,H.J., and Sleck,R.: J.Amer.Chen.Soc., 66,1607
| (1944).
- (10) Barnet,E.de B., and Nixon,I.G.: Chem.News 129,190-1 (1924)
(11) Beckmmsm,E., end Fellrath,E.: Ann. 273,1-30 (1893).
. (12) Beilstein,F., and Kurbatow,A.: Ann,1767 28-29,45 (1875).
Ann,182, 104-5 (1876).
" (13) Bell,P.H., end Roblin,R.0.: J.Amer.Chem.Soc., 64,2905
(1942).
(14) Bernsthen,A.: Ann.184,321-70 (1877).




207

(15) Bernsthen,A.: Ann.192,1-45 (1878).
(16) Bischoff,C.A.: Ber.33,1605 (1900).
(17) Bogert,M.T., and Wise,L.E.; J.Amer.Chem.Soc., 32,1495 (1910)
(18) Bonner,J., and Axtmen,G.: Proc.Nat,Acad.Sci.U.S. 23,
453-7 (1937).
(19) Borsche,W.: Ber.,42,3597 (1909).
(20) Bredy,0.L., and Dunn,F,P.: J.Chem.Soc., 1915,1860.
(21) Braun,Jd.V.: Ber., 37, 2678-85 (1904).
(22) Braun,J.V., end Weissbach,K.: Ber., 65B,1574-80 (1932).
(23) Brewster,R.Q., and Groening,T.: Orgsnic Syntheses,
Collective Volume II, p.445, John Wiley and Sons,
Inc., New York (1943).
(24) Broom,W.A.: J.Pharmecol., 57, 81-97 (1936); Chemical
Abstrecte, 30,5658 (193%6).
(25) Buchen,S., end Scarborough,H.A.: J.Chem.Soc., 1934,706.
(26) Bures,E.E., end Kundera,.: Casopls Ceskoslov Lekarnictve,
14, 272-83 (1934). Chemical Abstracts, 29, 4750 (1935).
(27) Burtles,R., end Pyman,F.L.: J.Chem.Soc., 1923,361-T7.
(28) Chapman,A.W.: J.Chem.Soc., 1922,1679.
(29) Chepmen,A.W.: J.Chem.Soc., 1929,2133-8;
J.Chem,.Soc., 1930,2458-62,
(30) Chapmen,A.W., and Perrott,C.H.: J.Chem.Soc., 1930,2462-8;
J.Chem.Soc., 1932,1770-5.
(31) Claus,A., and Jackson,U.A.: J.prakt.Chem. (2)38,328 (1888);
British Abstracts, 1889, (i), 128-9.
(32) Cohen,J.B., and Marshall,J.: J.Chem.Soc., 1910,328-36.
(33) Cornell,E.F.,: J.Amer.Chem.Soc., 50,3311-18 (1928).
(34) Cullinane,N.M., Davey,H.G., and Padfi¢ld,H.J.H.: J.Chem.
Soc., 1934,718.
(35) Curd,F.H.S.: Private communication.
(36) Dachleuer,K. (I.G.Parbenindustirie): German patent 671,785
(1939); Chemical Abstracts, 33,6345 (1939). ;
(37) Deins,F.B.: J.Amer.Chem.Soc., 22,188-190 (1900).




208, -

(38) Deins,F.B., Roberts,R.C., and Brewster,R.Q.: J.Amer.
Chem,.Soc., 38,131-2 (1916).

- (39) Dekin,H.D.: Amer,.Chem.J., 42,493 (1909).

(40) Detta,R.L., and Mitter,H.K.: J .Amer .Chem.Soc., 41,2032
(1919).

(41) Dietz,R.: Ber.ll,1485 (1878).

(42) Dimroth,0., and Zoeppritz,R.: Ber., 35,995 (1902).

(43) Doebner,0.: Ber., 15,232-9 (1882);

; ' Ann., 217,39-69 (1883).

(44) Dox,A.W.: Organic Syntheses, Collective Volume I, 2nd
Edition, pp.5-7. John Wiley and Sons, Inc., New York
(1941).

(45) Dunn,G.: Privete Communication,

(46) Easson,A.P.T., and Pyuwen,F.L.: J.Chem.So0c.,1931,2994-9.

(47) Eberhardt,P.: Ber., 23,2952 (1890).

(48) Eckelmann,A., and Koch,E. (I.G.Parbenindustrie):
Germen patent 635,494; British patent 448,469 (1936);
Chemical Abstracts, 30,7584 (1936).

(49) Ellingworth, S.: Privete communication.

(50) English,J., Bonner,J., and Heagen-Smit,A.J.: Scilence,
90,329 (1939).

(51) Evans,T., and Fetsch,W.C.: J.Amer.Chem.Soc., 26,1158 (1904)

(52) Ewins,A.J., and Ashley,J.N.: U.S. patent 2,204,893 (1940);

' ' Britieh patent 510,097 (1938).

(53) Ewins,A.J., Berber,H.J., Newberry,G., Ashley,J.N., and

Self ,A.D.H. (iey and Baker Ltd.): British patent
- 538,463 (1941).

(54) Ewine,A.J., and ishley,J.N. (iay and Baker Ltd.):
British pstent 545,708 (1942).

(55) Ewins,A.J.: (&) J.Chem.Soc., 1944,352-4 (b) U.S. patent
2,395,471 (1946), Chemical Abstracts, 40,4082 (1946).

I

(56) Fastier,F.N.: Nature,154,429-30 (1944).
(57) Faust,A.: Ann.,l42}49 (1869).



(58) Fildes,P.: Lancet,238,955 (1940).

(59) Fox,D.L., and Turner,E.B.: J.Chem.Soc., 1930,1119, ;

(60) Frenk,B.: Naturwiss. 15,213-5 (1927); Chemical Abstracts,
21,2320 (1927). |

(61) Pranklend,P.F., and HYarger,J.: J.Chem,Soc., 1904,1576.

(62) Fritsche,P.: J.prakt.Chem., (2)20,278 (1879); British
Abstracts, 1880,318-9.

(63) Fuller,A.T.: Biochen.J., 36,548-58 (1942),

(64) Fuchs,W.: Monatsh., 36,138 (1915). ;

(65) Fusco,R., end lusente,C.: Gazz.chim.ital., 66,258-64(1936)

(66) Gatterman,L.: Ber., 31,1149-52 (1898); '

Amn., 357,369 (1907).

(67) Gerhardt,C.: Ann., 108,219-20 (1858).

(68) Gurcke,0.: Ber., 8,1114 (1875).

(69) Hazard,R.: J.pharm.chim. (8) 9,371-80 (1929).

(70) Hesse,0.: Ann., 200,254 (1880).

(71) Hey,D.H.: "Some Recent Advences in Chemistry in

'~ Relation to iedicine"., Royal Institute of Chemistry

Lecture,pp.11-12. (1944).

(72) Hill,A.J., and Rabinowitz,I.: J.Amer.Chem.Soc., 48,
732-T7 (1926).

(73) Hoesch,X., end Zarzecki,T.V.: Ber., 50,462-8 (1917).

(74) Hollemen,A.F.: Rec.Trav.chim., 37,100-101 (1917). |

(75) Hubner,H.: Ann., 209,355 (1881).

(76) Hunter,L., end lMarriott,J.A.: J.Chem.Soc.,1941,777-86.
' Chem.& Ind.,60,3%2-37.

(77) Jacobs,W.A., Heidelberger,ii., and Rolf.,I.P.: J.Amer,
Chew.Soc.,_41,467 (1919).

.(78) Jancso,N.V., and Jencso,H.V.: Z.Immunitatforsch.,86,1 30

‘ (1935). »

(79) Jensen,P.B.: Biochem.Z., 236,205-10 (19%1).

(80) Jensen,P.B.: "Growth Hormomes in Plants", pp.16-33; 120. |
McGraw-Hill Book Co., New York (193%6). '

(81) Johnston,T.B., and Lane,F.VW,: J.Amer.Chem.Soc., 43,353
(1921).

|
i




210

(82) Joshi,S.P., Khanolkar,A.P., and ¥heeler,T.S,:
J.Chem,Soc., 1936,793-7.
(83) ERarrer,P.,, Rebmann,A., and Zeller,i.: Helv.Chim.Aots,
‘3, 261-72 (1920).
(84) Keuffmann,H.: Ann., 344,73 (1906).
(85) Eauffmann,H.P., Budwig,J., and Lohnke,¥.: Ber., 758,
1585-1600 (1942); Chemical Abstracts, 38,1215 (1944).
- (86) Xing,H., Lourie,i.M., end Yorke,¥W.: Lencet, 233,1360-3
(1937).
(87) Xing,H., and Vright,2.,V.: J.Cheu.Soc., 1939,254.
(88) Kirsenov,4.V., and Ivaschenko,Ys,l,: Bull.soc.ohinm.,
($)2,2109-2124 (1935). ~
(89) Klotz,I.i,: Science, 98,62-3 (1943).
(8%) Knorr,i.: Ber., 50,229-36 (1917).
(90) Kooh,W.F.: J.3iol.Chem,, 12,313-5 (1912);
J.Biol.Chen., 15,43-63 (1913).
(91) Korosynski,A., Mroginski,W,, and Vielsn,W,: Gompt.
rend. 171,182-4 (1920).
(92) Korogynski,A., and Pandrich, B.: Compt.rend., 183,421
| (1926).
($3) Koéer,S.A., Finkle,kK.D., Dorfmen,A,, end Saunders,F.:
J.Bact., 35,6-7 (1938).
(94) Koser,S.i., Finkle,K.D., Dorfman,A., Gordon,4.V., and’
Seunders,F.: J.Infectious Diresses, 62,209-18 (1938).
(95) xXrausxopf,E.J., Snell,E.E., and {cCoy,k.: Engzymologis,
7,327-30 (1939); Chemicel Abstracts,34,6314 (1940).
- (96) Kumler,%.D., end Daniels,T.C.: J,amer.Chew,Soc., 65,
2190 (1943).
(97) Lemb,I.D., and White, A.C.: J.Chea.S%0c., 1939,1253-7.
' (98) Lander,G.D., and Jewson,FT : J.Chem.Soc., 1903,766-771.
(99) Liebsymenn,C., and Lindenbsus,S,: 3Ber,, 41,1612 (ic08),
(100) Limpricht,H.: Ann., 135,82 (1865).




211L

(101) Losaen,W., Mierau,P., Kobbert,i., Neubert,id., and
Grabowski,G.: Ann,, 265,129-78 (1891); (a) 138;
(b) 152-4.
(102) Lossen,W.: Ann., 297,385 (1897).
(103) Lottermoser,C.A.A.: J.prakt.Chem. (2),54,116-31 (1896);
' British Abstracts, 1897,38-39.
(104) Lourie,x.M., and Yorke,W.: Ann,Trop.Med.Parasit., 31,
435 (1937).
(105) Luckenbach,G.: Ber., 17,1421-8 (1884).
(106) Luckenbach,G.: Ber., 17,1428-37 (1884).
(107) Lund,H., end Bjerrum,J.: Ber,, 64,210 (1931).
(108) Lander,G.D.: J.Chem.Soc., 1903,327.
(109) Hemelli,E., and Pinna,G.: Arch.d.Farmacol,sperim.
| 6,193-238 (1907); Zent.,78,2044 (1907).
(110) Marcus,£.: Ber., 24,3651-7 (1891).
(111) Marckwald,W.: Ann., 286,343-68 (1895).
(112) Mershell,E.X., and Acree,S,F.: Amer,Chem.J., 49,143 (1913).
(113) Meuthner,F.: J.prakt.Chem., (2) 121,259 (1929).
(114) McIlwain,H.: Brit.J.Exptl.Path., 21,136-47 (1940).
(115) McIlwain,H.: Socience, 95,509-11 (1942);
Biochen.J., 36,417 (1942).
(116) Minton,T.H., and Stepher,H.: J.Chem.Soc., 1922,1599-1600.
(117) Montagne,P.J.: Rec.trav.chim,, 19,50 (1900).
(118) Mozingo, R.: Orgenic Syntheses, 21,15-17 (1941). John
Wiley and Sons, Inc., New York.
(119) Mueller,J.H.: J.Biol.Chem., 120,219-24 (1937).
(120) Mueller,J.H., and Cohen,S.: J.Bact., 34,381-6 (1937).
(121) Nielsen,N,: Arch.exvtl.Zellforsch., 19,212 (1937).
(122) 0ddo,G., and Puxeddu, E.: Ber., 38,2752-5 (190%5).
(123) Overbeek,J.V.: Proc.Natl.Acad.Sci.U.S., 26,441-3 (1940).
(124) Oxley,P., and short,W.F. (Boots Pure Drug Co., Ltd.):
British patent, 573,266 (1944).
(125) oxley,P., and Short,W.F.: J.Chem,Soc., 1946,147-50.




213

(126) Pasl,C.: Ber., 28,2409 (1895). |

(127) Pauling,L.: "Nature of the Chemical Bond", 2nd Edition,
p.203. Cornell University Press, New York (1940). |

(128) Pechmern,H.V.: Ber., 28,869-79 (1895). f

(129) Pechmenn,H.V.: Ber., 28,2362-T74 (1895). |

(130) Pechmann,H.V.: Ber., 30,1779-83 (1897). ;

(131) Perkin,W.H.: J.Chem.Soc,, 1896,1187.

(132) Pinner,A.: Ber., 10,1889 (1877).

(133) prinner,i., and Klein,P.: Ber., 1l1,4-11 (1878).

(134) Pinner,A.: Ber., 16,1643-55 (1883),

(135) Pinner,A.; Ber., 23,161-6 (1890).

(136) Pinner,A.: Ber., 23,2917-9 (1890).

(137) »inner,A.: Ber., 23,2927-33 (1890). |

(138) Pinner,A., end Dietz,R.: Ber., 23,2942-56 (1890).

(139) Pinner,A.: "Die Imi8oAther und ihre Derivate®". Berlin,
Germany (1892),

(140) Pinner,A., end Gradenwitgz,P.: Anm., 298,49 (1897).

(141) Pokorny,R.: J.:imer,Chem,Soc., 63,1768 (1941).

(142) Pomeranz,C.: Monatsh., 15,746 (1894); British Abstrects,
1895,1,360-1.

(143) Powell,S.G., and aidams,R,: J.Amer.Chem.Soc,, 42,655=7
(1920).

(144) Pymen,P.L.: J.Chem.Soc., 1923,367=-70.

(14%) Pymen,F.%L.: J.Chem.Soc., 1923,3359-75.

(146) Regendangz,P.: Zentr.Bakt,Perasitenk., 118,175-86 (1930).

(146e) Reither,H., and Hess,E.: Ber., 40,3020-5 (1907).

(147) Remmers,L.: Ber., 7,346 (1874).

(148) Robinson,R., end Smith,J.C.: J.Chem.Soc., 1926,393.

(149) Robinson,R., and Venkateremen,K.: J.Chem,Soc,,1929,62,

(150) Rouiller,C.A.: Amer.Chem.J., 47,481 (1912); Chenmical

; Abstracts, 6,3091 (1912).

(151) Rubbo,S.D., and Gillespie,J.M.: Nature, 146,838-9 (1940).
(152) Rupe,H.: Ber., 30,2444-7 (1897).




213

(152a) Seko,S.: Bull.Chem.Soc., Jap., 9,64-5 (1934).

(153) sendmeyer,T.: BRBer., 18,1492 (1885).

(154) Schern,K., and Attagaveytia-illende,R.:Z.Immunitatforsch.
89,21 (1936).

(155) Scholl,R.: Ber., 29,2417 (1896).

(156) Scholl,R., and Bertsch,E,: Monatsh.,, 39,238-40 (1918).

(157) Schuler,J.S.: U.S.patent, 1,384,637 (1521); Chemical
Abstracts, 15,3725 (1921).

(158) Selbie,F.R.: Brit.J.EBxotl.Path., 21,90-3 (1940).

(159) Sen,l., and kay,J.N.: J.Chem,Soc., 1926,646-8,

(160) Shikinemi,Y., Yonechi,S, Kawai,S., and Tatsuo,H.:
Chemical Abstracts, 22,4652 (1928);
Chemiceal .bstracts, 24,5375 (1930);
Chemical Abstracts, 25,5665 (1931).

(161) Shriner,R.L., &nd Neumann,¥F.,%.: Chemical Reviews,
35,351-425 (1944).

(162) sidgwick,N.V.: "The Organic Chenmistry of Nitrogen"
(revised by T.W.J. Taylor and W. Baker), pp.l153-4.
The Claredon Press, Oxford (1942).

(163) Soding,H.: Ber. Deut.Bot.Ges., 53,331-34 (1935).

(164) Speth,E., Klager,K., and Schl8sser,C.: Ber., 64,2206-11
(1931). ’

(165) Steinkopf,W.: Ber., 41,2541 (1908).

(166) st8hr,R.: Z.physiol.Chem., 201,142-8 (193 ).

(167) Strecker,A.: Ann., 103,326-35 (1857).

(168) suter,C.M., and Olberg,&.: J.amer.Chewm.Soc., 53,1566-9
(1931). ‘

(169) Tafel,d., and %noch,C.: BRer., 23,103-8 (1890). a

(170) Terentiev,i.P.: Z.enorg.Chem., 162,350 (1927). g

(171) Thomss,M.: Sci.Hort., 6,178-90 (1938); Chemical !
Abstracts, 32,8476 (193%8).

(172) Tiemenn,F., &nd suller,¥.H.d.: Ber., 14,1985 (1881).

(1728) Tschitschibebin,i.B.: Ber., 55,998 (1922),




214

(173) Uhlemenn,X,: Ber., 11,116 (1878).

(174) Ungnade ,H.E.: J.Amer.Chem.Soc.,, 63,2091-3 (1941).

(175) Varnholt,L.: J.prakt.Chem., (2)36,27 (1887).

(176) Vermeulen,H.: Rec.trav.chim., 25,28 (1906).

(177) Vermillion,G., and Heuser,C.R.: J.0rg.Chem., 6,507-15
(1941).

(178) Wegner,5.C.: J.0rg.Chem., 5,133-41 (1940).

(179) Wallech,O.: Ann, 184,77 (1877).

(180) Welther,R.: J.vrakt.Chem., (2)50,91-2 (1894),.

(181) Walther,R.V., and Grausmann,R.: J.prakt.Chem., (2)78,
478-96 (1908).

(182) VWheeler,H.L.: Amer.Chem.J., 20,489 (1898).

(183) Wingfoot Corporation; U.S. patent 2,109,164 (1938);
Zentr.109,968 (1938).

(184) Woods,D.D.: Brit.J.zxptl.Path., 21,74-=90 (1940).

(185) Ziegler,K., and Ohlinger,H.: Ann., 495,84-112 (1932).

(186) Ziegler,K.: U.S.patent 2,049,582; Chemical Abstracts
30,6389 (1936).

(187) Zimmermann,P.W., and Hitchcock,A.X.: Contrib.Boyce
Thompson Inst., 12,497-507 (1942); Chemical Abstracts
37,2040 (1943).

(188) Zimmermann,P.W.: Ind.Eng.Chem., 35,596 (1943),




