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104. Antituberculous Compounds. Part VII. Some Further
N-Substituted Amidines and Analogues.

By P. T. CHarLTON, G. K. MarLipHANT, P. OxLEY, and D. A. PEAK.

In order to investigate "the relation between structure and activity
against Mycobacterium tuberculosis a number of N-substituted aromatic,
alicyclic, and aliphatic amidines have been prepared in which the N-substitu-
ents are in most cases aryl groups of varied type, modified in some compounds
as NN’-cyclised structures. A few related unsubstituted amidines, dihydro-
glyoxalines, and N-alkyl- or N-cycloalkyl-amidines have also been prepared.

THE activity in vitro against Mycobacterium tuberculosis of di-(p-N-arylamidinophenoxy)alkanes
(Part I1; J., 1949, 2683) and p-alkoxy-N-arylbenzamidines (Part III; J., 1949, 3043) prompted
us to examine a wider range of N-substituted amidines in the hope of gaining further insight into
the relative importance of the N-substituent and of the amidine moiety. Except in a few of
the compounds prepared, the N-aryl substituent was retained throughout, though of varied
type and often considerably modified as an NN’-cyclised structure. In a large proportion of
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the compounds, however, the aryl radical of the amidine moiety was replaced by an alicyclic
or an aliphatic radical, a change frequently resulting in compounds of high activity in vitro.

The compounds prepared are enumerated in the accompanying table, together with yields
and methods of preparation. The methods were for the most part those developed in these
laboratories for the preparation of amidines (Oxley and Short, J., 1946, 147; 1947, 497; 1949,
449; Oxley, Partridge, and Short, J., 1947, 1110) and presented no novel features. In a few
cases other methods had to be adopted. These are noted in the discussion below in which the
number in parentheses following the name of a compound refers to the number of the compound
in the table. Activities in vitro are also recorded in the table. Compounds were tested as
aqueous solutions of their salts, free bases being in most cases dissolved in an equivalent of
aqueous lactic acid. Derivatives unsuitable for testing, such as picrates and reineckates, were
first converted into solutions of the base hydrochlorides by standard procedures.

The parent compound N-phenylbenzamidine (1) had little activity. The symmetrically
substituted NN’-diphenylbenzamidine (2) had an even lower activity in agreement with the low
activities of the two NN’-diphenylbenzamidines described in Part III (loc. ciz.). The unsym-
metrically substituted NN-diphenylbenzamidine (3) gave appreciably higher activity and this
effect will be referred to again later. A cursory examination of other N-phenylbenzamidines
(compounds 4—9), substituted in one or both p-positions, indicated nothing of promise.
N-Alkyl substitution as in N-methyl-, N-octyl-, and N-2-diethylaminoethyl-N-phenylbenz-
amidines (10, 11, and 12) gave moderate activity only in the case of the octyl compound.

NHPh-C(:NH)@O-[C(H)z],,-0<_\>\C(:NH)-NHPh HNZCPh-NHC\/?I}i—)-/<;>NH-CPh:NH
I = .

An interesting alternation of activity in the odd and even members of the di-(p-N-phenyi-
amidinophenoxy)alkane series (I; # = 2—6) was noted in Part II (Joc. ciz.). No such altern-
ation was shown in a series of di-(p-benzimidamidophenoxy)alkanes (20, 21, and 22) (II; X =
O+[CH,},*O where # = 2, 3, and 4, respectively) in which nitrogen atoms of two benzamidine
residues are linked by the diphenoxyalkane group. All three compounds had comparable high
activity, as had also the analogous di-(p-benzimidamidophenyl) ether (19) (II; X = O).

In contrast to the low activities of N-phenylbenzamidine (1) and p-methanesulphonyl-N-
phenylbenzamidine (8), the corresponding N-2-diphenylyl compounds (13 and 14) showed activity
of a high order. This powerful activating effect of the 2-diphenylyl group has already been noted
in Part III (Joc. cit.) and is a feature of other 2-diphenylyl derivatives described in the present
communication. The corresponding N-3-diphenylyl- and N-4-diphenylyl-benzamidines (15
and 16) were less active in the absence but of the same order in the presence of serum. The
preparation of a series of N-4-diphenylyl-amidines, including the latter compound, for anti-
tuberculous test has recently been described by Bauer and Cymerman (J., 1950, 1826) who make
no reference to the high activity of the analogous N-2-diphenylyl compounds here described
although the latter author was aware of our results. An increment of activity of a somewhat
lower order, especially in the presence of serum, was produced by N-1-naphthyland N-2-naphthyl
substitution (compounds 17 and 18).

2-Phenylbenziminazole (23), which may be regarded as a cyclised form of N-phenylbenz-
amidine, had moderate activity but a series of 2-phenylbenziminazoles (24—33) substituted in
the p-position of the 2-phenyl substituent or in the benziminazole nucleus proved of no interest.
A number of these compounds were more conveniently prepared by oxidation of a mixture of the
appropriate o-phenylenediamine and arylaldehyde with copper acetate (Wiedenhagen, Ber., 1936,
69, 2263) than by the fusion method.

The series of N-arylamidinocyclo-hexanes and -hexenes (compounds 34—43) presented several
points of interest. With the noteworthy exception of 1-N-2’-diphenylylamidinocyclohexene
(43), replacement of the aromatic nucleus of the benzamidine by cyclohexyl and cyclohexenyl
groups if anything enhanced the activity. On the other hand, replacement of the N-aryl group
by an N-cyclohexyl group, as in 1-N-cyclohexylamidinocyclohexene (42), led to a compound ef
low activity. In contrast to the deactivating action of a p-chloro-atom in the N-phenyl sub-
stituent of 1 : 3-di-(p-N-p’-chlorophenylamidinophenoxy)propane (Part II; loc. cit.) and its
neutral action in p-butoxy-N-p’-chlorophenylbenzamidine (Part III; loc. cit.), similar substitu-
tion, though not o-chloro-substitution, of 1-N-phenylamidinocyclohexene appreciably increased
the activity (compounds 40 and 41).

The benzamidine moiety may be further modified without loss of activity. Higher members
of the series of N-phenylamidinoalkanes (compounds 44—50) exhibited high activity in the
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absence of serum but both these and the less active lower members were considerably de-
activated by serum. Of three analogous N-2-diphenylyl compounds, only 1-N-2’-diphenylyl-
amidinononane (53) and, to a lesser extent, the heptane analogue (51), showed the expected
exaltation of activity. In contrast the corresponding octane analogue (52) was of relatively
low activity. All three compounds were, however, reduced to comparable levels of activity by
serum.

The analogous series of 1-N-2’-naphthylamidinoalkanes (54-—62) showed only a uniformly
moderate activity in serum comparable with that of the N-phenyl analogues. 1-N-1’-Naphthyl-
amidinononane (63), the only member which was prepared in the corresponding l-naphthyl
series, was considerably more active than the 2-naphthyl analogue (62). This is the reverse of

.
N h‘>

(111.) rRC [cH. v,
N

NR’
oH 1o

the observed order of activity of the two naphthylamines themselves (Bloch, Lehr, and Erlen-
meyer, Helv. Chim. Acta, 1945, 28, 1406; Doub and Youmans, Amer. Rev. Tuberc., 1950, 61, 407).

In view of the general high level of activity of the amidinononanes, further examples of
compounds containing this grouping were prepared. 1-NN-Diphenylamidinononane (64) was
of unexpectedly low activity in view of the positive effect of NN-diphenyl substitution in
benzamidine (cf. compound 3) and was, in fact, no more active than the unsubstituted 1-amidino-
nonane (65).

In 4 : 5-dihydro-2-nonylglyoxaline (66) (III; R = CgH,;,, R’ = H, » = 2) a compound of
high activity in both the absence and the presence of serum was encountered, but the homologous
tetrahydropyrimidine (67) (III; R = CgH,,, R” = H, » = 3) was feebly active in comparison.
Introduction of an N-phenyl group into the dihydroglyoxaline (66) gave a compound (68) (11I;
R = CgH,5, R” = Ph, # = 2) also of high activity but more susceptible to deactivation by serum.
2-Nonylbenziminazole (69) was about as active as its uncyclised analogue N-phenylamidino-
nonane (50), but 2-nonyl-1 : 3-diaza-4 : 5 : 6 : 7-dibenzcycloheptatriene (70) (IV) much less so
than its analogue, 1-N-(2-diphenylyl)amidinononane (53).

A further example of the potent effect of the dihydroglyoxaline group was furnished by the
high activity of 2-heptadecyl-4 : 5-dihydroglyoxaline (72) (III; R = C,;Hg;, R’ = H, n = 2)
in comparison with the virtual inactivity of 1-amidinoheptadecane (71).

Finally, a few N-mono- and -di-alkylated acetamidines were prepared which support the
indication observed in the case of the NN’- and NN-diphenylbenzamidines (2 and 3) that
unsymmetrical rather than symmetrical substitution of the amidine group favours activity.
Purely aliphatic amidines, mainly N-unsubstituted or N-monoalkyl-«-alkylated acetamidines,
have previously been found active against M. tuberculosis (Newbery and Webster, J., 1947, 738).
N-Octyl-, NN-dioctyl-, and N-hexadecyl-acetamidines (73, 75, and 76) were prepared by the
Pinner route. The usual procedure of treating the imino-ether hydrochloride with the base
gave complex mixtures from which it was not possible to isolate the required amidines. How-
ever, reaction of a two-fold excess of the base with free acetimido-ether (cf. Ashley et al., J., 1942,
107) for several days (as judged by the rapidity of development of an alkaline reaction to Titan-
yellow indicator) provided a practicable method. Attempted preparation of N-octylacetamidine
from methyl cyanide and octylamine by the aluminium chloride method (Oxley, Partridge, and
Short, loc. cit.) afforded none of the expected product, but NN’-dioctylacetamidine (74) in poor
yield. Peak activity was again associated with the unsymmetrically disubstituted NN-
dioctylacetamidine, both the isomeric NN’-dioctyl- and N-hexadecyl-acetamidines being
considerably less active. The complexity of the factors involving activity is, however, illustrated
by the complete reversal of relative activities of the isomeric pair, N-octylacetamidine (73) and
1-amidinononane (65), in comparison with the analogous isomeric pair, N-heptadecylacetamidine
(76) and 1-amidinoheptadecane (71).

Tests in vivo on certain of these compounds, selected for favourable activity and toxicity,
have already been reported (Croshaw and Dickinson, Brit. J. Pharm., 1950, 5, 178). The results
were uniformly negative.

EXPERIMENTAL

Preparation of Amidines.—The following general methods were used as indicated in the table. The
yields recorded in the table refer to the pure compound first isolated.



Charlton, Maliphant, Oxley, and Peak :

488

P11 ¥I1
60l &0l
-0l 90-01l
L0101l
LI 611
¥ G-Il
it €11
€0l €0l
€00 ¢91-01
L91  ¥91
6-L1 9Ll
oL 1L
g6-L 96-L
g€-61 ¢6-€1
0-6 6-8
(4] S 1) §
‘pbay ‘punoyg
% ‘N

D*NH"O oLZ
— 69%
IO'NFO*H"™D  081—6LI
HO'NPO"H®D  g91—E91
IO'NCO%H®D  » 08%
O'NOT*H®*D 903
INT'HID £a1
INT'HTD opl
INPTH®O 28l
IN'HMO  gg1—eel
NP0t H D 601
ho.vw@ Zaumauo

911

'SIOPNPOTHE'D & 1L3—0L3

it z.o:m”d » L8G—983
O*H* mwz ohm ”u 8e1—LEl
SIO*NPO®'H"'D » $93—£92

S*NPO" H"'D o8LT1—¢-LLI

“B[OULIO d W

S9[PION
SWSIIJ

swstad
[rews

sareld
sojeld

sojeld
sayerd
mofe4 ared
S9[PIaN.
SI[PIdN
swsuI g

Sa[pPeeN

So[peslu Uy
‘59339580

S9[PIdN
sj1opesT
saqn)

SO[PoaN

‘w10
1esh1p

HO¥
HOY %09

O°H
O°H
O*H
O'H
HOY %08
HO¥ %08

HO¥
HO¥T %08

HO’IN

O°'H

O°H
[ouey3d

-Axoyje ‘by

HOSIN

HO¥

HO¥H by

1jusatog

apraopy204pAEy

apraory04pAYtq
aprAo1Y204pAyq
apuorya04phyrq
apraopya04pLyrq

aandrq
3VYIIUIY

apLaopy204pA

HVANg
IPUOIYI0APA

‘BATBALIO(

Ly
124

91
g8

09

"%
‘PIBIX

|| <<dd < « < = oo

=)

“POUIoN

08—0l

0¢—o0lI
(11§
0g

08—0l

(0o1) o1

1
(1]¢

ol

-14101.-4-2 (¥3)
-[Ausyg-z (€2)
'SIP0ZDUIUMIZUIET

sueyng (Axousydoprure

-pranizuaq-¢)-1q-% : 1 (33)

suedord(£xousydoprue

-pruizusq-¢)-1q-¢ : 1

sueyje(Axousydoprure

00l
001
0$—o0t
001

0g
001—0¢

001

(00g) 0ot

[

-prurzuaq-¢)-1q-g : 1
1030 ([Ausyd
-oprwrepruzuaq-¢)-1q

(
(
A
A
14y doN-3-N (
“[AuydeN-1-N (
-[Aduaydig-#-N (
-14)4uaydrq-g-N (
-1Auoydnssueyjow
-d-1414weudig-3-N (¥1
-[A1Aweydiq-g-N (€1
-1dueyd-N-j1Ayre
-outwelAy3alJ-g-N (
-JAuayd-N-14300-N (
-1Auayd- N-TAUISIN-N (

soussaxd ur
N

-(1huayd
-1fuoydinsauvyow-d)

_ 1>  -N-1huoydmsauvyapy-d (g)

-(16uayd
-1fuoydmsauvya pyr-d)-N
-[Ausyd Axoyia-¢-N

-[Auayd-N
-1Auoydnssueyjo-¢

1~ (
(
(
-[Awreyd|ns-¢-1AusyJ- %, (
(
(
(

_ 01

-[Ausy
- N-Axopeung-y : ¢
.;,EE%Q -NN

.355.2 (v
SouIprUDIUIg

‘WInIas ‘punodwio)

%01 30

‘WInIss Jo
soussqe ur

)

1: &yanoy



L-91

489

Lyl
gLl
6-G1

6-L1
gLl

Part VII.

¢l
811
1l
611
16
g Eol
8¥1
T oo
S  sL
S &
8
(]
Q €9
m 301
~
R
N
S emn
S 67l
S el
Y sl
el
A
831
el
691
8-g1
SL-01
i g3l
o vl
S orel
L

P FQUOIDIAPHD
10D D 1D 1D —
—t e p— et et p— p—

~

N NOHDW—O
0N~ 100D
—t ettt

0
—_—

6-g1
9-01
I-€1
SI-11
-1

nzho~«:¢~0
«memﬂo
wzhOanmnuo
uZe-mnao

wzhoh“m....mo
u‘«- : U

N
0 N:ONHID
~Un~mhMQ~maaw

—QuZw—mnao

4 9%y ril
~oumwcam5—w

LIS Patid e ak2

NVH Ocumnuo
NOH"'D

Wu ZcOva mouo

S*N'O™H"D
«.Z,Ovumh—o

«ﬁOnZn— mn— o)
u—UnZn~ :n~o
—QnZuOo~In«O

O'HID’NOH!'D

NOPH''O

O*H'SIDEN*O HE'D

WnZuo~ T mnno
u—OnZﬁmn—U

O°HS T N*Q*H*'D

_o”zommno
NO!TH"'D
—Ouzozmﬁu
uzosma—o

L6

8¢
0¥1—¢-6€1

69

G-evI—avl
L9

= 163
a8l
LL
€61
181
1341
69
981
g6

1Ll

691—¢-891
06

(143
9%
* 69T
662
8¢
¢ge
138

[¢€
682

668—86¢
L9%
Lg%
9%¢€
6LS

“Jopu]
so[pasu
eld
swistrd
orquIoyy
so[posu
Yerq
soyerd
srquioyy
squouy

Jopu]
‘Jopu]
SWISLIJ
‘J9pul
SWISLIJ
saye[d
SWISII]
‘Jopuj
Jopu]

SwSLI

SoYeld
so3e[d

swst g
SWwISLI ]
SwstI g

S9[PaaN

SO[PION
SWISLIJ
SWISLI

SWSLI
sa[paou
anuIy
S9IP3dN
S9[PadN
SWSLIJ
swsLI g

HOWud
101334
HOMUd
o124

HOid
o194

HOWd
[oned

DH
-HO¥H 'bv
HO¥ %08
HO¥H
HO¥ %0¢
HOY
HO¥H
HO¥H by
[OH "be-
HO¥ %0¢

HO¥ %08
HO¥
HO®N by
HOY
HO¥ %09

NVANT
NVANG

avang

IP140]YI0APAH
avANng

noAang

P 14014 20APA F]

Aving

apuoydins
-ouazuag

avuoydns
-d-auango |

9PLIO[YI0IPAYL]

IPLIOIYIOAPAYLT
IPLAOIYI0APA ]
P 1401y 20APAF]

ap1401Y204p AT

SpLIOTO0IPAYI(]

210apLyinbsas
ap1401YI04PA ]

apraopyIosp L]

09

69

99

16
184
36
<9
4]
Le

144

18
6¢
IR 44
09

144

|« m @M < « o

| m

RS

<

o1—¢

(o1) 1>

0¢—01
001

05—01

or—g

001—0T1

01—y

01

0g

(000‘01) 00g

09

or
(o) ¢

001
(oD ¢

suvuad- (9%)

suvmmg- (g¥)

aupdosd- (%)
"SOUDYD-0UIPLUDIAUIY T -N-1

-1A14usydid-,3-N (&%)
-1AxoHo0p49-N (3%)

%)
0%)
6¢)
8¢)
-[AusydAxoyoN-¢-N (L€)

-TAusyd-N (9¢)
*SIUIXIYOOAI0UIPLU -]

-1fuaydosopyn-o-N
-14uaydosopyn-d-N
-1huaydiromg-d-N

(
(
(
(
-1huaydhroysg-d-N (
(

-16usydhzromg-d-N (gg)
-[Ausyd-N (¥¢)
*SIUDXIYOTORI0UIPIUL
-[Auayd-g-outmry-¢ (g¢)
-1Ausayd-g-outwry-¥ (3g)
-1Aueyd-g-onIN-¥ (1¢€)
-1Aing-2-z (0g)

-1husydifmryding-d-g (63)

-[Aueydouty-¢-g (83)
L3)
9%)

-1usydhxosplpr-d-g (¢g)

-[fuaydonIN-¢-g

(
(
-1Auayd Lxomio-¢-3 (
(

(*pIuco) ssjorvupmizusg



Chariton, Maliphant, Oxley, and Peak :

490

]

~A® Yoo ¥ oo wo

WO HMEE AA—~D O © S HD
—t

—— ———

ey
2

P11

]
=8
~N —
—_

el
> -

el

bt
N
— -

‘pbay ‘punoyg

el
s o
S & ©

10

el
ol

e
0 - ~<H o0~ N—~O O (=} ©

ew  Hepore o
—t

—— ———

0P
-

Scl-6

ge-11
G-L
Lyl
Lrl
0-¢l

9L
6-Gl

9-¢1

.nxu .,Z

T 789811l
manm-ma.“w

ngmO-uIewo
NZoumﬂo

muZmOuamn«U
aZvumm .~U
mNZnOonmv«U

S NFO®H")
NS Tt
RTINS

S TS ~8T 81
mZumnﬁmN—w

meum~ uo

l%Zcume—U
mulmOOamﬁuU
m&nosz_wo

NI LU
~E\TE 8281708
KR

NZNNEZO

‘enwIo

8¢1
SL

9G1
L

191
19

8¢1

69
yL—32L
¥9—29

VE1—EE1
99—%9
08—6L

44!
G8

86—¢-L6

sajelq HOud
sareld oned
sereld HO¥A by
soye[d 101394
sajeld HO¥F by
[oxzed
swstI -0%4
sfield HOMW by
SWISLLJ [o1ed
se3e[d [o130d
sa3e[d Toned
sareld HOA ‘bv
SWSLI ] o134
swistid Suog 10194
SWSLI] HO®d
SwISLL ] 101334
SO0 "be
10 (,09—0%)
SOIPaaN 101324
SA[PaaN 018d
593l %3IN0D
soyerd
ews HOud
sa[pssu
Jeld [o1eg
S93e[] i\ (0]
sorerd o*d
sa[pesu
3uog 101394
‘urIo} Ljusafog
[831841)

apuoydms
-d-auangoJ,

2puoydns
-d-ausngo 1

avuoydns
-d-ausnjo g

apvuoydns
-d-auanjo

apuoydmns
-auITUIG

apuoydins
-ouszusg

vuoydns
-audTUIg

pvantg

a1ou0Ygms
~ouIzUIg
AT

*BAIIBALIN(

L9

€8

69

6L
g€
144

98
g-0¢

89

%9

¥9

08

-0/
/0

‘PIRIX

<<M

<<

| <

< |

v

‘POUIBI

n

(]

08—01

0l
ol
(1]

ol
01

(121

00—0¢

0g
001

01

0S—01

ol

‘mniIas

%001 30
9ouasaxd ur

— Juvuou- (gg9)

— auv20- (19)

— auviday- (09)

ol auvxay- (6g)
— auvuaq- (gg)
— suvnqg- (Lg)

— auvdosd- (9¢)
— auvyta- (gg)

— suvytaw- ($9)
“SOUDYID-0ULPIUDIAYIYGON -, 5-N-T

000g sueuou- (gg)
001 suvp20- (39)
0001—00S sueyday- (1g)

souDyv-omprUDIAUYdi-,3-N-1

suejnq
(001) 0¢  -ourprwrelA[01-¢-N-1 (0€)
009 auvuou- (6%)
00¢—001 aupp0- (8%)
00¢ auviday- (L¥)
(*pyuod) sauvyv-ourtpruvifnayd-N-1
‘WINISs JOo ‘punodwon
soussqe ut

1 Ayanoy



‘urny

o
S °d ¥ '1q 4q suonereda1g (gL) Pue ‘(pL) (¢L) ww /. #%1 "d 'g (89) ‘uNmH 'd "M IQ £q suoneredoig (g99) pue (g9) -prem 'S 'O 1 £q uoneredsig
<  (0g) ‘(729 °907) 310Uy pue uewBOWAY (gg) wewLSWA) "I Aq uonjeredeid (gg) (12 "907) 310us pue wewdwi) (1¢) “(6¥F ‘6¥61 /) Hous pue LsxQ (0¢)
‘uewIswA) “1(J Aq uonyeredeld (6%) PosIIBISAIO 9q JOU P[NOD SpUIO[Y0IPAY oY (¢F) (‘729 "907) 310UyS pue uewIowAi) (¢F) -Sunesy mos ym ,cey 'd ‘w
1,661 "d "w 0y BursyreisLroor ‘Buneey pider yum gp1 ‘d “w ‘wsiqdiownp pemoys 9puO[ooIpAY SUL (68) (6FF ‘6¥61 /) 1oys pue Lox( (gg) PuE (¥g)
‘punodwos sty3 10y *d "W B PI0331 30U S0P (“732 "207) IoUqUH (g€) 9SeQ 39U} 10¥ ,98%—¢83 'd "w §2a18 (729 "907) usBequeparm (08) %L 1T ‘S ‘1% ‘H ‘T-L¢
) sexmbax SENFO'THYO  $-31 ‘S (1% ‘H ‘€-LS D :9Seq dy3 10§ punoy (63) -OpLIO[Yo0IPAUID oY} 10} ,8F¢ "d "w pue aseq U} 10} ,0FE ‘d ‘W PI031 (06T
P8 ‘1061 ‘47g) DISMOJUSWSIN PUE INSMOzSB[{IN 9Seq oY} 10} 0% "d "w ‘(819 ‘AT ‘L68I ‘wys "J0S ‘ing) Yane| pue ‘,9eg—ceg 'd "W spIodss (8587 ‘8¢
‘0061 “42g) WA (83) %G-¥ ‘H 8-8¢ O semmbaz OPHS- 1 EN*O*H®'D '#% ‘H 1989 ‘D :DPunog (L3) ".083—833 'd "W soald (‘119 "o07) ueSequaparyy  %¥-¢
‘H {0-6L ‘D :°*NO®H"D 10} o[eD "$-¢ ‘H ‘9-%L ‘D :9Seq I0J punoj (9g) ‘oseq oy} I0} ,695—993 'd "w ‘('129 '20;) 10udem pue salfjoH pue :,¢9g "d ‘wr
‘(63¢ ‘8Y ‘6E61 " F1og wiryd "20S “ying) YSIoquaIdEA PUE S}Anp 893 'd "W p1ooa1 (63¢ ‘0T ‘1881 'Prqr) PUqNH Pue (811 ‘G0G ‘0881 ‘“sivuul) 19x0n1g (3g)
m (1€ ‘8 PP61 “wayD 840 *[ ‘10uep\ pue SallloH 3O (63) oI¥I 'd "wi 9A1S (LgLT ‘TI ‘SL81 ‘4ag) 19339dwiory, pue uasyzuisd (L1) "g0L ‘6¥61 [ }I0Us pue
W~ UewdwA) () pue (g) ‘93E}OSUIRI WNIUOWUE YHM SpLIO[Y20IpAY opnId 5y yo uoneyrdoard Aq paredarg (11) ‘19 '907 ‘330ys pue ‘@8puyred ‘LorxQ (o1)
N e8puired ‘M I IQ 4q suoneredaid (6) pue (8) 6%F ‘6¥61 '/ 210US pue L3xQ (L) pue ‘(9) ‘(¢) ‘(B) L¥T1 ‘9¥61 [ 310US pue LoxQ (g) pue ‘() (1)
"UINISS Jjo Doﬂowﬂd a3 ﬂm Oﬁ wo 0=~d> e 0>.mw .nvmu.m o:%oﬁm%ﬁ.ﬁ&m-w 31593 Jo mﬁO_ﬁﬁGOQ swres |y} MO@GD “pPa1Indd0
R uonqryur renxed yorym je suonnyip jussaordox sosojuared ur saxnS1g (‘720 007 ‘uosuryol] pue meysoi)) (poyrewr apored Suneoy Sy} £q) wnipsw s, 8uog
S  PayIpow Ul §}oom § JOJ POurejUrew Sem (UTBI)S JUSIILIIA UBWINY) S2S0In243qny *Jy JO Umold ay3 jo uoniqryur a3o[dwod yomym e (spuesnoyy ul) uonnyiq t
R *(,08—09 "d "q) wnsjorjad Y = foneg | "uon1sodwooap YHM
so[pasu
o L€l GL-El NFO®H") 40 synuIpy o*d avantd
~ 00T €0l ENPEHRID S 1L "Jopu] ohd — gl ) — ol -1492pvx3-N (9L)
m L€l 998l ‘N‘OY"H™) 68 swsud 0%d npand  ¢8 ) — 0¢ -[£3001d-N N (SL)
SIN0D
88 06 I*N°H®'D  892—¢98 ‘Jopu] “HO¥  opuopy204phH 8 a — oL 1430010~ NN (¥L)
g 0-€% 366 D'SENEHD LE1 ‘Jopu] O*H apyoouay LY 9 — > -143°0-N (gL)
FOv SIUIPIMUDIII
- auDx0A1504pAY
u 1-6 %6 IN""H"D ¥6 sa3eld _INOD — gL o) 001 0001—008 -G : $-1499pv2da -3 (3L)
S apuoydins suedap
N 9 19 S'NPOVH™D  96—36 ‘Jopu] HOPI -ouazusg  9g v — > -ejdegourprury-1 (12)
N ua1403dayo10Ad
2 N -0zUIQIP-L 19 1C 1 ¥
X 9.8 16 NPPH®D  gL—¢L ‘Jopu] 101354 — a¥ o) 01—¢ o1 -0201p-¢ © [-1AuoN-g (0L)
= <8 AR B INTPHTO  931—¥31 ‘JpPUl - HOYE "bv — 44 o) 01—¢ 0¢ ajozvurusrzusqiluo N -z (69)
.m auvxolldiAuayd
< €0l  ¢01 INF*HTO — — o — 81 D (00¢) ot 0001 -[-1{uou-g-o4payrq-c : ¥ (89)
so[paau "1QHO surprmuAdiAuou-g
1§13 D'SENTTHYYD  sPI—LEL A15yyes | -%BNOD apyYIIuay 06 o) o1 —  -0IPAUE1BI-9:C: ¥ : g (L9)
[oxyed (0001} auwrof11duoun
erl € ¥l INHETO O 9L—FL seyeld -0%d — 09 o) (009) 001  008—00T -g-o4pAyrd-9 = % (99)
- puoydns
¢ ¢8 S*NEO¥HID  ¥6—T6 seyeld HO¥A %08 -ouszusd 1% A — o1 sueuououIpIUIIy-1 (¢9)
e¥l G ¥l NEOPHED  ePI—aFl spoy HOY a1pu00421d
QGNGOGOﬁmv«EM
— L3l 93l NPOPHPPD g8l1 SwSLI HO¥H Hvand €9 a [ ol -[Ausydi-NN-T (¥9)
e SQQQQ\QNSM vﬁﬁﬁoaOE_UMEd
S g9 <19 S*NPO™H**0  GL—oL soreld 100 -ouszusg g% v 001 001 “AwydeN-, 1-N-1 (g9)
— SNOLAD 4



492 Antituberculous Compounds. Part VII.

Method A. A mixture of equimolecular quantities of the appropriate cyanide and substituted
ammonium benzenesulphonate was heated with stirring (or under pressure if necessary) at temperatures
ranging from 180° to 220° (260—265° when ammonium benzenesulphonate was used) for periods of
2—6 hours (Oxley and Short, J., 1946, 147). The product was either isolated as the benzenesulphonate
or converted into the free base by dissolving it in water or ethanol and adding an excess of 5N-sodium
hydroxide. The crude amidine could be purified by direct crystallisation or by collection in benzene
and extraction from the benzene solution with acetic acid-sodium acetate buffer (pH ca. 4-6), which did
not extract the arylamine. Basification of the buffer extract then gave the amidine in almost pure
condition.

Method B. As for method A, but the substituted ammonium toluene-p-sulphonate being used.

Method C. For the preparation of cyclic amidines the cyanide was similarly fused with the appro-
priate diamine mono-benzenesulphonate or -toluene-p-sulphonate [or an equivalent mixture of diamine
and diamine di-benzenesulphonate or -toluene-p-sulphonate (Oxley and Short, J., 1947, 497)].

Method D. A mixture of cyanide and amine was treated with a molecular equivalent of anhydrous
aluminium chloride at 160—200° for 20—60 minutes (Oxley, Partridge, and Short, loc. cit.). The free
base was liberated by aqueous sodium hydroxide solution and isolated as a suitable derivative.

Method E. A mixture of the appropriate o-phenylenediamine and arylaldehyde was oxidised with
copper acetate in aqueous ethanol or methanol according to Wiedenhagen’s method (loc. cit.).

Method F. The corresponding nitro-compound was reduced with ammonium sulphide according to
Pinnow and Wiskott (Ber., 1899, 32, 906).

Method G. A mixture of acetimidoethyl ether (2 mols.) and the amine (1 mol.) was kept at room
temperature for 6—24 days, alone or diluted with anhydrous ether. During this time the mixture
became strongly alkaline to Titan-yellow. Ether and excess of acetimidoether were removed under
reduced pressure, and the amidine isolated either as a suitable derivative or by distillation under reduced
pressure.

Arylammonium Benzenesulphonates and Toluene-p-sulphonates.—The following benzenesulphonates
and toluene-p-sulphonates used in methods A, B, and C have not previously been described : p-Butoxy-
antlinium toluene-p-sulphonate, needles (from isopropanol), m. p. 189° (Found: N, 43. C;,H,;O,NS
requires N, 4:159%); 4 :4’-diaminodiphenyl ether dibenzenesulphonate, m. p. 285° (not analysed);
1 : 2-di-(p-aminophenoxy)ethane dibenzenesulphonate, plates (from water), m. p. 280—281° (Found : N,
5:2. C,gH,304N,S, requires N, 5-09,) [prepared from 1 :2-di-(p-aminophenoxy)ethane, pale buff
needles (from aqueous ethanol), m. p. 170—172° (Found : N, 11-5. Calc. for C,,H,4O,N, : N, 11-5%,).
Wagner (/. pr. Chem., 1883, 27, 206) records m. p. 176°]; 1 : 3-di-(p-aminophenoxy)propane dibenzene-
sulphonate, plates (from ethanol), m. p. 236—238° (not analysed); 1 :4-di-(p-aminophenoxy)butane
dibenzenesulphonate, plates (from ethanol), m. p.262° (Found : N, 5-0. C,4H3,04N,S, requires N, 4-89,) ;
3-aminodiphenyl benzenesulphonate, needles (from water), m. p. 187—188° (Found : N, 4-45. C,,H,,0,NS
requires N, 4:39,); p-phenylenediamine dibenzenesulphonate, needles (from ethanol), m.p. 158° (decomp.)
(Found : N, 6-8. C,gH,,O¢N,S, requires N, 6-69,).
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