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I. INTRODUCTION

The original object of this investigatlion was
the synthesis of possible antimelarial drugs containing
the indole nucleus and possessing a structure somewhat
analogous to that of plasmochine.
| This aim was subsequently dropped because of
experimental difficulties and in its plece a study of
Mannich reaction products derived from indole, was sube-
stituted.

e In addition to the above, we undertook the
synthesis of 4,4'-di-(4,6-dimethylpyrimydyl-2)-1,3-

~ diphenoxypropane which sould be obtained from 4,4'-
diamidino-l,S-diphenoxypropane (Propemidine) and acetyl-
‘acetone. The propamidine presented considerable diffi-
culty in this reaction because of its insoluble nature,
end hence we undertook to obtain 4,4'-di-(4,6-dimethyl-
pyrimydl-2)-1,3-diphenoxypropane by preparing 2-(4'-
‘hydroxyphenyl)-4,6~dimethylpyrimidine and allowing it to
regct, in thevform of its sodium salt, with trimethylene

- bromide. Both methods of attack eventually met with suc-
éess.

Since this latter procedure makes it possible to
prepere numerous homologues, we began the synthesls of the
‘isomeric 3,3'-di-(4,6-dimethylpyrimydyl-2)-1,3-dipbenoxy-
propene in an identical manner. The necessary pyrimidine

was prepared from the known 3-nitrobenzamidine hydrochloride
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~and acetylacetone,

An interesting sidelight of this investigation was
the fact that the 2-(3'-nitrophenyl)-4,6-dimethylpyrimidine
thus obtained was identical (by mixed melting point) with the
compound prepared by Japanese investigators who nitrated 2-
phenyl-4,6~dimethylpyrimidine. These workers did not locate
the positioﬁ of the nitro group. This we tentatively sug=-
gest 1s in the 3 position of the phenyl ring.
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II. HISTORICAL

A. Introduction

(1} Need for Antimalarial Research. - In the field
of chemotherapy, the discovery of synthetic medicinals ef-
fective in the prevention and treatment of malaris is a
problem whose importance can be scarcely over emphasized,

In World War II, meny of the battle fronts are in
tropical regions where the insect vectors of malaria are most
~prevalent, hence the problem of treatment and control assumes
tremendous proportions. One military medical authority has
sald, "We have four enemies, Japan, Germeny, Italy, - and
ﬁalaria. There 1s only one fhat can lick us. That's malerisa.
We'me got to get results."

The three dmugs in general use - quinine, plasmochin,
#nd atabrine - though éatisfactory in the majority of cases,
are still far from being perfect drugs., Thus, quinine, al-
though relatively nontoxic in man, does at times, produce
symptoms such as tinnitus, deafness with prolonged use, and,
at times, even allergy. In spite of these undesirable features,
many members of the medical profession étill prefer to use
quinine when they can get it. Itsuse in the present emergen-
cy is almoat en lmpossibility, except in apeaiai cases, due
~to the fact that almost eall of the quinine in the world to-
aay comes from the Dutch East Indles. This source has, of
éourse, been cut off since all these lands are in the hands

of the enemy .
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Plasmochin, although possessing a relatively high
therapeutic index when tested in birds, is considerably de-
creased in effectiveness when tested in man and an effective
dose approaches almost the toxlec level in many cases. It is

‘ définitely not a drug which may be used 1ndiscr1minantlj by
individuals not under medical supervision. Atebrine, although
possessing a relatively high therapeutic index, when tested
in man, possesses the undesirable feature of frquéntly

turning the skin yellow (1).

B, Chemotherapy of Malaria
The earliest investigations on the use of the cin-
chonas against malaria were carried out on patients who were
suffering with the disease. The Jesuits, on their arrival
~in Peru learned from native medicine men that malarial fever
could be effectively treated by drinking an extract of the
bark from the tree "quiniaquinie". Tt is from this eborigen-
al name of the tree- that quinine takes its neme., Cinchona,
another alkeloid occurring in the bark of this tree, 1is
supposed to have received its name in commemoration of the
Countess of Chinchon who was treated for malaris ﬁith an
extract of the bark.
When the study of chemotherapeutics began to expand
,(it became apparent that a test animal would have to be found
 *7ﬁe£oro any proper evaluation of possible antimalarials could
| be carried out.

(1) Ihe Use of Birds as Test Animals. - A beginning
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in this direction was made by Roehl (2) of I. G. Farben-
 ;_1ndnatr1e, when he introduced birds as test enimals to

| guide the chemotherapeutic studies which ewentually led to

- the discovery of Plasmochin. Roehl's lead was subsequéntly
continued by KiKuth (3)(4) who studied a variety of strains
of bird malaria and finally found the haemoproteus infection
of the paddy bird to be a valuable tool for this purpose.

Similar studies were carried out by Fourneau and

Bovet (5) in France. Collier and Krause (6) introduced the
ﬁse of the Java sparrow in 1929 and James (7} in 1937 intro-
duced the use of canaries infected by mosquito bite instead

~of the straight blood inoculation devised by Roehl. Magid-
son et al (8) in Rusesia used siskins for tﬁair tests and
1ntroduced the idea of injecting the drugs instead of feeding
them,
~ (2) Other Test Methods. - In addition to the use of

avian malarias es a test means, the use of Par@moecis has
been suggested by Hegner, Shaw and Manmell (9). The use of
Piasmodium'knowlesi infections in monkeys dates from the year
1932, when Knowles and Das éupta,(lO} described this malarial
'parasite. It has been found to be particularly valuable in
- the testing of the sulfanilamide drugs (11)(12)(13}(14) be=-
cause of the close similarity of simian a,nd human mslaria.
Recent attempts have been made by Hewitt (15} and.
Coggeshall (16))14) to develop a method of testing anti-

‘malarial drugabigainst parasites grown in vitro. Great
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difficulty, however, has been experienced in trying to ob-
tgin good and prolonged propagation of the protozoa. The

 latter's method involves the determination of the inhibition
of oxygen uptake of protozoa, by drugs added to the protozoa
in a:Warburg apparatus,

The interdependency of the two branches of chemo-
therapeutic research, namely, that which is concerned with
the physiological aspects of testing various substances,

~and that which 1s concerned with the purely chemical aspect
 0£;synthesis of poasible drugs, is close indeed. From the
chemist's point of view it 1s relevant, therefore, that a
discussion of the various drugs, naturally occurring and syné
thetic, their properties, and the pertinent facts of their
history be briefly swmaerized.

C. The Naturally Occurring and Chemically Modified Alkaloids.
(1) Quinine and Cinchonine. - The Shemotherapeutic

approach to malaria had its beginning in 1827 when Pelletier
aﬂd Caventon received the ten-thoussnd franc prize from the
French Institute of Science for 1isolating the active principles
of cinchona bark. It was not until 1908, however, that the
now accepted structure of quinine, I, was announced to the
world of science by Rabe (17). Much research followed a8

| ~y CH(OHK) Ch — Ni— CHy
MO 9 1% 4eu,
;i ! 5‘3—"1
"Z' 1 A hed 1 " l° o
NN CH, — M —3Cp Cli= CH,,
I
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the result of attempts by many investigators o synthesize

: the cinchona alkaloids. Kaufmann's (18) publication on the
synthesis of compounds related to quinine in 1913 and the
synthesis of dihydroquinine by Rabe et al (19) in 1831 re-
present an exceptionally interesting phase of alkaloid
chemistry. |

The following facts are brought out by a study of

the structure of quinine and cinchonine, The formula of
each 1s made up of a quinoline and a’quinuclidine heterocycle

~ joined together by a_carbindl bridge in position 9. Quinine
differs from cinchonine only in the presence of a methoxy
group at position 6' of the quinoline portion of the mole-
cule, Examination of the formula for quinine shows that
positions 3, 4, 8, and 9 are centers of optical asymmetry.
anee the given formitla might represent one of sixteen possi-
ble optical isomers. Fartunately, however, nature tends toe
wards simpliclty and while quinine (a)D = -158,.2° 1s 1som§r1c
with quinidine (a)D = 274.7°, they both give the same ketone
(a)D‘= 73.8° on oxidation, thus showing that their primary
'difference is about Cg. The same holds true for cinchonine
and cinchonidine (20).

(2) Chemicel Msnipulation. - Chemical alterations
upon the quinine and einchonine mplecules shows that no
alterétion of the secondary hydroxy groups at Cg has yet:
been achieved without destroylng the asctivity of the parent

~cinchona alkaloid (21)(22)(23)(24). The presence of the
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’ iffiriyl group at position 3 in the guinuclidine heterocycle

»;ﬁ of minor importance for 1its aétivity is increased somewhat
by hydrogenation (25) and its activity remains even after
‘addition of the elements of water (26), hydrogen halide, or
halogen (26}, Oxidation to the carboxylic acid, however,
renders the molecule inactive (21)(27). DMore than likely,
this is due to the altered physical properties rather than
té,its chemical structure for esterification will partially
réstore the original activity (21)(27)(28}.

1 There is also no obvious relatidnehip between op=-
tical activity and antimalarial action. Thné Buttle, Henry,
and Trevan (29) have pointed out that epimerism at the Cg
ﬁfom,reduces the quinine equivalent from 1l in quinine to
0.1 in epi-Cg-quinine and from 0.5 in quinidine to 0.1l in
epi-Cg-quinidine. 8imilarly the l-bases, quinine and cin-
chonidine, are more attive than the corresponding d-bases,

- gquinidine and cinchonine. On the other hand the d-quinine-
isomer, methyle-apoquinidine, is more active than either of
1ts l-isomers; alpha- or beta4dsoquinine. / A
‘ King and Work (30), as the result of substituting
the quinuclidine heterocycle by tertiary amine groups, have
stated the requireménts for activity of the quinine type .
i ¢o@pounds as:"being a system in which a basic group approaching
m size that of the quinuclidine radical is attached to the

aipha carbon of a 4-quinolyl ethanol."
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Other studies concerned with the location of the
tertiary aemine groups in positions other than 4 seems to
indicate that only this position confers such activity &o
theéa groupings (31)(32}).

D. Synthetic Antimalarials.

| Since the difficulties are conslderable in manip-
ulating the various groupings in the Quinine molecule,'it
was only natural that investigatoré were led eventually to
vtry the substitution of similar groupings in other hetero-

cyclic ring structures.

- (1) Methylene Blue Derivatives. - The molecule of
methylene blue, IT, had been shown to exhibit some anti-

malarial action by Ehrlich and Guttmann in 1891 (33). With
this as their lead, Schulemann (34), SchbnhbBfer (35}, and
Wingler (36) of the 1. G. Farbenindustrie befan their in-
'veatigations by médifying the methylene blue molecule.
Their first experiments were aimed at increasing the anti-

malarial effect by introducing alkyl groups onto the aromatiec
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10

~amino radical in place of the meﬁhyl groups already there.
As a first trial, compounds, III and IV, were synthesized

and when tested in canaries infected with malaria they showed
‘a slight increase in activity over that of methylene blue (2).

The therapeutic index of thewe oompgunds (the ratio between

+
(CJ!’); N-CH 1_"—“"1¢“’3 (C.IQLN

11T | v
the maximum tolerated dose and the minimum curative dose)
was still quite low,,scafcely exceeding 1l:1, & far greater
degree of success was achieved by the introduction of basic
alkyl groups into the aromatic amino grbup of methylene blue.
Gompound, V, showed only a slight increase in activity over
that of methylene blue, but did not ‘show a decrease in toxicity,
1. 6., & therapeutic lndex of 2, Compound, VI, showed a marked

increase in 1ts effect, the therapeutic index being almost 8.

-4 CHy
(e N N2 CH ) N (Callg)y

CHy
N~- GH- eHoN (c“-ﬂf)a_
Chy ' :
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11

These investigations, carried out with regard to tha
the methylene blue molecule, showed that the introduction of
én N-basic alkyl group enhanced the effect of methylene blue,
and the nature and structure of the basic alkyl group. The

!‘BXpérience thus gained was soon applied to other rling systems
“underlying dyes, such as, triphenylmethgne, szines, oxazihes
and acridine and quinoline. This latter gave compounds
possessing marked activity agalnst the malarial parasite and
;iﬁcking the character of a dye. The quinoline series led
'eventually to Plasmochin, VII, with an index of 0. Similar
studles in the acridine series by Mietzsch and Msuss (37)

" ylelded atabrine, VIII.

CHy - M- (CH) N (GHs),
NK
cH o c@o .

NH
CH, - CH. (CHa) g N(CaHs),
VII VIII

When atabrine was tested by Kikuth (3) it proved
to be schizonticidal drug of considerably lower>toxicity than
Plasmochin.,
(2) Quinoline Compounds other than the Quinine Type. =
The effect of adding similar dialkylamino‘alkylene amino

groups to heterocyclic rings other than methylene blue and
particularly to those nuclei which had been shown to have

strong specific action against parasites in themselves,
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12

subsequently led to experiments towards inereasing the activity
exhibited by 6-methoxy-8-aminoquinoline, IX, (38). Accordingly

‘the formula of

0430

NH,;
IX
a large number of 6-alkoxy-8-dialkylamino alkalene amino
qulnolines were prepared and tested. Among those which
showed hpromise was 6-methoxy-8-(c( ~methyl-§ -diethylaminobutyl-
amino) quinoline (Plasmochin}(39}. This, it turned out, ex=
hiﬁited the best relationshlp between activity and toxicity
of all the quinoline compounds studied,
With the discovery of Plasmochin numerous investie
gatdrs began a systematic study of the basic structure, 8-
amino-quinoline with the following features in mind:
1.. Variations in the length of the side chailn,
2. Variations in the degree of branching of the
o - side chain. ‘ ‘
3. Alterations of the terminal baale group of the
slde chain. |
4, The effect of different types of side chains,
5, Modifications of the alkoxy group in position 6.
It 1s generally agreed, as the result of testing a
\lafge number of derivatives, tha$ the fundamental structure
.which appears to be responsible for thelr antimalarial activity
may be represented by the general formula, %, in which Y repre-

sents a chain either of a hydrocarbon, ether, thioether, or
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13

amino residue and where R is a basic radical. A methoxy group

NH—~Y~R
in position 6 18 desirable but not essential (40)(41).

The second most important group of compounds in
the quinlline series of the Plasmochin type is made up of
the 6-methoxy~4-dlalkylamino alkylene amino derivatives

“which may be synthesized by means of the Conrad-Limpach (42)

condensation, as follows:

CH30 ?oo CyuHs C‘SO CGOC Hs
)
——
+ (;_H:. C‘Hz ____>
N“l OT_Q'C“S N-:C‘Q’H:B

a

OH NH.(CH, ) N (¢, H¢)
CiH: ¢ c *
€30 cio Ho \ :
—_ s -
mﬁg (I)wg s

Since the synthesis of the corresponding compounds
lacking the Z2-methyl group requires ebnsiderable manipulation
and because Kricheveskii et al (43) reported the presehce of
this group destroyed the actlvity of the 4-isomers, little
work has been done in this serles. Mbré recent work by
}Hbleomb and Hamilton (44), however, has shown thét these de-
rivatives do possess appreclable activity. A recent patent

issued to Winthrop Chemical Company (45) indicates that a
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~ S=-methyl group enhances the activity and that a 6-methyl
'vgroup 1s not essential and may be replaced by a halogen in

thé 7w position;

(3) Acridine Compounds as Antimalarials. - The earliest

reference to the use of acridine compounds against various
types of infective organisms, including the malarlal parasite,
is the work of Mannaberg (46). His work was concerned with

the testing of dyeatuffs containing the phosphine nucleus,

X. These tests as well as gpose of Kalberlah and Schlossberger
~ 5.

, X
(47} with tryflavin, XI, were found to have no effect in

XI
‘malarie. However, 1t must be realized that these studies

were carried out prior to the development of the test method
: qf*Roehly(B) and only serve to illustrate the haphazard
methods of charactgrization in use before the advent of the
1h£ensive researches undertaken by I. G. Farbenindustrie.
’ Investigations using the acfidine nucleus in place
of that of quinoline were begun at about the same time as the
work with 8-amino quinoline derivatives. Thué, not long afe
‘ tbrilQZG, when Plasmochin was placed at the diapesai of the

. medical profession, Mauss and Mietzach (48) obtained patents on
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analogous compounds based on the nitrogen bearing nusleus
i of acridine. Among these was S-chloro-v-methoxy-g-(lnmethyl-
4-diethylamino) butylamino acridine (Atabrine}, the formula

of which was not made known to the public until 1933 (49).

Thia, when tested ¢n Plasmodium praecox infections in siskins
cdmpared favorably with the action of quinine as & schizontle
cide, Also, like quinine, it was ineffectige agalinet the
gametes in the peripheral blood (5)(59).

| Subsequently other research workers throughout
the world took up the hunt for compounds of a similar nature.‘
Since very little has been published by the German investi-
gators outside of the patent literature, it 1s necessary to
turn to the Russlian publications for definite information
between therapeutic activity and'chemioai atructuré.

Before entering into such a discussion it should |
be noted that two general methods of numbering the acridine
 fing are in use, Both systems are used by various journals
end it is usually necessary to check the starting matérials
and method of synthesis 1in order to be certalin of the struc-
ture. System XII, was used by the French and by Chemical
Abstracts prior to 1936. System XIII, has been used by the

”}Germans, Russians and by Chemical Abstracts, subsequent to

1936,
e © S 4
7 2
% 2
to ¥
XII
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The relation between theraepeutic activity and
6hémical structure of the 2, 6 and 8 substituted acridines
| ean be best seen through an examination of the following:
e (a) Effect of variations in the dialkylamino
alkylene amino group in position 9.
(b) Effect of changing the group in position 2.
(¢) Effect of ehanging the group in position 6.
" From the data of Magiddon et al (51)(52)(53)(54),
the conclusions which have been made with regard to the
acridine type aﬁtimalarials may be summarized at this point,

(a) When the length of the diglkylamino alkylene
amino side-chain 1is increased the activity rises
until n is equal to four, whereupon a maximum is
“obtained. For a further increase in the length

of the side-chain, activity abruptly decreases.

The lower homologues are more active, but they are
also more toxic. The C, compounds therefore repre-
sent an optimum on the basis of both activity and
toxieity.

(b} The consideration of the butyl homologues,
shows thet unbranched isomers are more than twice
as effective as branched isomersa. However, the
presence of an algha-meﬁhyl group in an amyl side-
chain more than doubles the therapeutic index.

(e} If the -OCHa group is replaced by the -CH,
group in the 2~position, the index is lowered

but not destroyed entirely. On the other hand,
when the ~-SCHz; group is used in place of the -OCHS
group distherapeutic results are obtalned.

(d) When a nitrlle group is substituted for the
chlorine atom in the 6-position, & compound of
comparable activity 1s obtained. It 1s ilnteresting
to note that & nitro- group in position 7 seems
capable of compensating the removal of the chlorine
in position 6. All other substituents dn peaiticn
6 give distherapeutic results.
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(4) Sulfanilamide Derivatives. - In 1935, Mietzsch

and Mauss (55) obtained a patent in which they desecribed
‘some sulfanilamide substituted acridines, for use in com-
bating blood parasites. However, the first‘reported test of
 a'su1fani1amide_compound against malaria appeared in 1937 (58}).
k Since that time most of the better known sulfanilamide come
pounds have been tested by one of more different methods, An
kanomaly which appeared in this connection 1s that certain of
these drugs glve negative results in avian'studies, but were
: found ﬁo give positive results in human maleria,

Thus, when "Promin", XIV, was used against Plasmodium

CaH NuO.SO ~Q NH.CH . CHy
Gmo@y Qmoﬂq

¢H10H cH OH

XIv
lophurae infections in chicks, Coggeshall (57) obtained nega-

tive results, however, when it was given to human parestics
infected with induced benign‘tertian malaria, a reduction of
fevsr was observed. As a consequence of this anomaly,
 Coggeshal1 undertook to invéstigate the use of drugs such as
sulfadiazine, XV, 2-sulfanilaemidopyrimidine, against human

e XV ,
‘malaris regardless of the fact that they might exhibit no

activity either 1n bird malaria or in vitro.
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The value of sulfanilamide in the treatment of
mélﬁria has been a much argued point, and meny papers on both
',sides of the question appear in the literature. For a dis=-
cussion of some of these the reader 1s referred to the paper
; by_sinton, Hutton and Shute (58).
From the recent publications it seems qulte certain
~ that sulfanilamide itself is of no value in human malaria (59)
V(GO)(61)(62) and has little or no effect on Plasmodium in-
 fections in birds (16)(63). It does, however, exert a definite
effect on Plasmodium knowlesi infections in monkeys (11)(12)
(13)(16}. The positive action of some of the other sulfanil-
amide derivatives 1s a little more firmly established, and
‘Walker and Van Dyke (64) have found the reactivity on Plas-
mOdium lophurae in young ducks to be in the decreasing order,
~ sulfathiazole, sulfadiazine, sulfanilamide. Sulfathlazole

hﬁs also been shown to be active against FPlasmodlum vivax
yinféctions in human malaria (65}, whereas sulfadiazine is
: effective against all forms of malaria in man (57}.
An important aspect of the problem which needs
~’mmfe study before its value can be determined is the pro-
' pﬁylactic action of the sulfanilamide derivatives, That
such action of the sulfanilamide derivatives exists is
well known. Thus, when Proseptazine (N*-Benzylsulfanilamide),

'XNI was given to neuro-syphilitics
< >,cu1.NOSD,_N Hy

XVI
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k‘prior to inoculation with Plasmodium falciparum, the patiemts

}vfailed to develop malaria. This prophylactic'action was of
short duration and, because of toxicity and dietary limlika-
tions, it is of little practical value (58). These same in-
vestigators stated that the drug 1s effective agalnst the
sporozoltes in tertian melaria, but that it is without action

on the trophozoites.,

| or the many drugs tested this is the only reference
méntioniﬁg a specific action upon the sporozoit stage in the

‘~&eveiopment of the malarial parasite., Although seemingly in-
significant, this prophylactic action indlcates that the
sporozoites themselves are attacked bj Proseptazine, and
hence there can be no possible development of merozoltes and

‘ trophozoites and no malarial symptoms. %he impobtance of

~thils fact is reédily understood when one considers the 1life
cycle of the malarial parasite in both man and in the mos-
Quito. The appended diagram (Fig. 1) issued by the Winthrop

~ Chemical Company (66) illustrates this at a glance.

(5) Amidines as Antimalarials. - The use of amidino

compounds as antimalarlals was first investigated by Easson
and Pyman (67) in 1931. In their work they tested three
structurally unrelated amidino compounds, XVII, XVIII, XIX,

NNy, NH, z/‘“ #N
(v N -
NH,~ ¢=N- cn OCH3
, OCH,
\ g/fcooqgg Loc%
ocu
XVIII XIX
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~_upon bird malaria without success,
. .v King, Lourie and Yorke (68) in 1937 reezamined
this use of the amidines basing thelr research on a postulate
they had maée from certain we}l founded considerations. Though
Uthis postulate was later whown>to be false, their work was not
without frult. On that account it will be of value to review
those considerations (69).
| Boit, Boit, and Richard (70) in 1911 first noted
‘the excessive amounts of glucose required in the metabolism
- of the trypanosomes. Subsequent work confirmed this origineld.
observation and the facts may be summerized herewith.
| 1., The presencé of glucose 1s necessary for the
existance of trypanosomes,
2, Trypanosomes consume relatively enormous
quantities of glucose in thelr metabolism,
3. Laboratory animals experimehtally infected
with trypancsomés frequently exhibit during
the course of ths infection a certain degree
of hypoglucemia. However, hypoglycemia is
constantly present to a very marked degree in
the agonal period of the disesse or in the
stage immedlately preceeding 1it.
4, The mechanism whereby hyppglycemia 1is pro-
duced is still uncertain.
Anent this mechanism, ILourie and Yorke (71)
checked the observation of Schern and Artagaveyta—Aliende (72)
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and showed that synthalin (decamethylene diguanidine dihydro-

~ chloride) has a definite action of Irypanosoms equinum and

~ concluded that the effect must be due to its actlon in the
removal of blood sugar, therby producing hypoglycemia. The
work of Lourle and Yorke done in vitro showed a powerful
ﬁrypanodicai action, whereas in vlivo the dosage necessary to
 6bta1n hypoglycemlia caused severe injury to the liver. Mbreé
over, they found thaet insulliw which causes hypoglycemia has
~no effect on the trypanosomes either in vitro or in vivo. ’
Tb@y concluded,'accordinglﬁ, that the action must be direct,
éﬁdYthat thelr previous assumption that the effect was due
Yo the removal of blood sugar was false.
Following up this lead, King, Lourie and Yorke (68)
‘»carried out tests with a series of guanigines, amidines, iso-
thtoureas and other similsr compounds prepared in the labora-~
tories of Mey and Beker (73)(47). From these studies it was
found that symmetrical diamidine alkanes showed an even greater
~trypanocidal action than that of the corresponding guanidine.
derivatives, the most active being 1, ll-diamidinoundecane
dihydrochloride,
| NHg .C( §NH) .(CHg),y.C( :NH) ,NHg, 2HC1.
The discovery of the trypanocidal action of the
- diamidino compounds provided a new field of investigation,
*kgﬁd,its extension to the armmatic compounds was the work of
’Aahley'ggbg; (75). They undertook this in the hope that such

~icqmpounds would ﬁore readily lend themselves to e study of
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»-thg effects of substitutions, and thus to products of increased
’vﬁrypanocidal action and of possible therapeuticaapplication.
Their studies were directed at a comparison of the following
~effects:
| (a} effect of nuclear substitution,
(b) effect of increasing the length of the hydro=

carbon chain,

(c) effect of substituting hetero-atoms in the
cheln,
‘(d) effect of partly oxidized linkages,
(e} effect of unsaturated linkages,
- (£} effect of subsﬁitution In the amidine groups,
(g) effect of the position of the amidine groups,
symetrical or otherwise,
The general inferences which they drew from the
data available was that the most active trypanocidal compounds

were of the type
H“{\ ~Q x ”NH
— A C
Ho <<:::::>N Ny

where X is a simple alkane chain in which one or more of the
-CHg= groups are replaced by oxygen, or by an ethylenic linkage
és in the stilbenes. No compounds were found possessing
greater activity than Propamidine, Stilbamidine, and 4,4'-
diamidine-1,5-diphenoxypentane.
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In view of the analogous nature of the trypsnosome
> and malerla metabolisms - both requiring large amounts of
glﬁcose (76)(77)} - it was thought that the drugs which had
been effective in the trypanosome infections might also be
appiicable in malsrisa.
a., Use of 1,11-Diamidinoundecane in Malaria. -~ Working

with this idea in mind, Glyn-Hughes, Iourie and Yorke (78)
used 1, ll-dimsdédinoundecane dihydrochloride on Plasmodium
’g&ng infections in humans. They found that man can safely
ltbiérate 50 milligrams per day intravenously or 100 milligrams
‘ pér day orally, and that one-half of this dosage has a flefinite
éffect on vivax malaria. It is also effective against Plas-
‘ ﬁadium knowlesi in Macacus:rgpaus monkeys, however, 1t causes
1?6:10 side reactions in the liver (79).
Tests were then carried out using aromatic diami-
‘éihes in the belief that a drug might be obtained having a
higher therapeutic index than the aliphatic derivative pre=-
viously studied. |
b, Use of 4,4'-Diamidinostilbene in Malaria. - The
~’¢g¢tion of Stilbamidine in malaris was investigated by Fulton
(80). He found that when given intrapertoneally to canaries

infected with Plesmodium relictum that the drmg did not delay

the appearance of parasites in the peripheral blood. Whereas,
when used agaln simlan malaria the drug was found to have a
~def1nité action. These observations were confirmed by Yorke

(69), who found in addition that the 4,4'-diamidinostilbene
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- 'was also effective with Fhsmodium vivax and Plasmodium
- faleciperum in humal malaria.

c. Use of 4,4'-Diemidino-1,5-diphenoxypentane in

Maleria. - The other aromatic diamidine tested was 4,4'-
"aiamidino-l,S-diphenoxypentane. Fulton(80) and Yorke }69)
reported this compound to be effective against Plasmodlum
rélictum in canaries, but that its therapeutic index was

small. Lhe drug was also active against Plasmodium knowlesi

- infections in monkeys.
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III. THEORETICAL

'214; Indole Compounds.

Since indole derivatives analogous to plasmochin
have not been reported, it should be of value to synthesize
kpbssible antimalarials usiﬁg indole as a nucleus. Little
’fwork has been done in this series with the exception of
the preparation of a few pyrryl indole compounds of the
- type, XX, where R is -Cels, ~-5-CeHy.CHg, =4-CeHy.CHs and

w4aCgHy .OCHy (81}, These substances exhibited some antle-
pjretic ection and were toxlec to paramecia, but they were
':ﬁotktested agalnst the malarial parasite.
| In addition to the above, the following azo-
‘derivatives of indole, XXII, XXI, have been prepared and
tested for sulfanilamide action.

H
XXI

N:N — ) 501‘M'H.'L
s

XXI1T
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Tﬁese were shown to exhibit considerable activity (82).
Beaidés these derivatives, which are purely syn-
thetic, there are numerous naturally occurring substances .
éontaining the indole nucleus that possess physiologlcal
- properties. A few of these are herewith cited. Gfamine,
XXIII, which 1s found in the germ of Swedish barley (83),

ff‘?——Tcmﬂ@@z
a4

i,
a, PN

e’

XXIII
and certain alkalolds from both the plant and animal king-
doms, two examples of which are physostigmine, XXIV, found
1n the "Calabar or Ordeal Bean" from the West African coast

k - (84), and Bufotenine, XXV, found in the glands of the toad

| H-N-CHy

o=C-0, Ho

W CH, CHN(CHs),

H

XXIV XXV
Bufo wvulgaris (85), DBesides these mention should be made
of the auxlns or plent growth hormones of the general type,
XXYI, where n 1s an odd number, and the essential amino

acld, l-tryptophane, XXVII.
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1] e
. : ) b B
. » - ;'“}
a4 o
XXVI XXVII

The structure of indole is somewhat similar to the
‘quinoline nucleus, except that it lacks a C, atom in the
hitrOgen heterocycle and thgt the nitrogen in position 1 is
,gécéndary rather than tertiary as in quinoline., Because of
this similar nature, it would seem that compounds of type,

~ XXVIIXI, might possess antimalarial activity. A possible method

!

"N

H
XXVIII

NH-(CH,), N (Cabs),

'of synthesisﬁof such compounds would be from the amino- or
halogen-substituted indoles.
(1) Alpha-substituted indoles. -~ 2-Amlnoindole has

been prepared by Pschorr and Hoppe (86) by the actlion of
-~ sodium ethylate on Z2-aminobenzylcysnide. To obtain the latter

substance 1t was necessary to start with Z-nitrotoluene and

—CH,CN ‘ —
NH, ”\JNH
/ 2

‘j_qpndense it with ethyloxalate in the presence of sodium
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 §thy1ate'to give 2-nitrophenyl ethylpyruvate. This was
y5followed by hydrolysis, ylelding the corresponding 2-nitro-

'Aphenylpyruvic acid,

cH Hc G, COOH
3 cr,oEt r g -co. COOEt‘
rNoa + NaOEC . :
NaEt {

 The latter substance was next converted to 2«-nitrophenylace-
‘tic acid by alkeline peroxide oxidation (87). Treatment of

~thils acid with phosphorus pentachloride and‘ammcnia gas gave

a_c NI R CGOH CH Q,OOH

O Ha0a; dil. Naoy L

the amide. Dehydration of the amide gave the corresponding
nitrile, which was reduced to the desired 2-gminobenzyleyanide

~with stannous chloride (86}.
cH, .COOH QH;&ONH CH,CN

NO, NO,
—_— ———————>

More recent work by Arndt and Eistert (88) affords

the necessary Z2-nitrophenylacetic acid in two steps; By the

7:_ggtion of dlazomethane on 2-nitrobenzoyl chloride the omega-
:” 55;26-2-nitroacetOphénone is formed. Rearrangement of the

latter compound was effected by means of ammonium.hydroxide
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,and'freshly precipitated silver oxide to glve 2-nlitro-

benzylamide.

cock COCHN, CH, CONHL
N

NO 5 g NO,. f T NO,y
- L —_—— t )

e

Once the desired 2-aminoindole 1s obtalned, it
8hould be possible to condense this with a sultable alpha,
omega~-substituted side-chain, as follows:

.\M)N“fx.tcu,),cuﬁk —_— ‘? \./ ) Ny
H 4
A more direct way of arriving at the corresponding 2-substie-
 tuted amino alkylene dialkylamino indole would be from the
kﬁown 2-chloroindole (89) and the corresponding alpha-amino,
’omaga-dialkylamine. The'chloroindole 1s prepared by the

~ action of sulfuryl chloride on indole.

SO:.CQ,_ i !

A

(2) Beta-substituted indoles. - 3-Aminoindole is also

~lmown, having been prepared by Madelung (90). When indole
| 18 treat8d with amyl nitrite in the presence of sodium ethyl-
| ate, it reacts to give the sodium salt of 3-iso-nitrosoindole

(indoionoxime); Reduction with sodium hydrosulfite then glves

~the desired‘s;amincindole.
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r——-—- . --\.‘ __N"ON‘- : NHL
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x
z=2
X

The corresponding 3-indoindole (91}(92) is like-
wise known, beilng readlly obtained when 1ndola is dissolved
“in dilute alkall and then titrated with a solution of iodine

in potassium iodide.

f/\\T‘““* . 5ﬁ\\y———71

; 2 -KI. 3 |
\ \u/ e '-\\//’

(3) Nuclear substlituents in the benzene ring of indole. -

The methods for obtaining indole defivatives with subatituents
in the benzene nucleus usually require the total synthesis of
the indole heterocycle., This may be done from sultably sub-
~ stituted ortho-toluidines (93)(94), or from the substituted
phenylhydrazones by means of the fiseher indole rearrangew
ment (95}(96). The latter method is particularly useful for
kpréparing derivatives with substituents in positions 5 or 7.
The Fischer synthesis, in general, may be described
as the elimination of ammonia from the phenylhydrazones of
’§moat carbonyl compounds whose structures permit ring closures.
/ The actual mechanism of this aynthesis has been the subject
of much speculation (97). Robinsons' (98) representation has

been generally accepted as the most probable, and consists
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df‘an ortho~-benzidine type rearrangement prior to ring

closure.
' R ?“1 AN HCR
/ ! ",
,&R —_—> | /FR —
NKH—N AN NH-——NH
o B
S (b
;/K\ R S—R
i 5 gRl C ———— : '
{ )\ i 4 ~R
"’-2/— N HQ.. NH by N
H
(<) G

This mechanism was restudied in 1943 using N°©
;nitrogen as a tracer element., Working on the generally
,aéeépted idea that the nitrogen atom.farthesb removed from
tﬁe aromatic ring 1s the one that 1s eliminated, Allen and
Wilson (99) substituted heavy nitrogen on the benzene nucleus
: bj treating benzoyl chloride with smmonium hydroxide contain-
‘:‘ing NS, The amlde was converted to the amine by the Hoffmann
j:hypobromite reaction, Diazotlization and reduction of the
latter yielded the corresponding hydrazine with the N®©
',ﬁitrogen in the alpha-position and the ordinary nitrogen in
tﬁe beta-position. After condensation of this with aceto-
‘,»phenone, they then carried out the Fischer rearrangement, and
'thained 2-phenyl-indole which still possessed the heavy
nitrogen. This proved that the beta-nitrogen in the one which
ié lost,
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- These authors agree with Roblnsons' formulation
»Vésyfar as the ellmination of ammonia is concerned, but they
»,ﬁrefer to think of this as the usual addition-elimination
mechanism., The mechanism which they-proposed is 1llustrated

by the accompanying equations.

(f)

- The imide (d} is a tautomeric form of (¢}, the -NHgy group of
which can enter intée a 1,2-addition reaction with the C=N-
to form (e}, from which ammonia is eliminated. On the other
hand, the imino group may be regarded as hydrolyzingto the
~corresponding carbonyl, as in (f), whereupon the 1,2-addition
' preduct may be represented as in (g).
| The usefulness of the Fischer synthesis has been
~considerably increased by the technique which Japp and
Klingemann (100)(101) employed for the preparation of other-
wise unobtalnable hydrazones., Thelr method consists in the
addition of the desired diazonium salt to an alcoholic-
alkali solution of the aldehyde or ketone. The product
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»:5jasua11y precipitates immediately or may be thrown out of

e a;}iution by the addition of water.
% Another feature of the Fischer rearrangement which
should be mentioned is that it always leads to products cone
taining substituents in the alpha- or beta-positions, or both.
Thus, with hydrazones prepared from acetone, the correép&nding
g;ggg-methylindole is obtalned; whereas wlth methyl-ethylketone

~ the alpha, beta-substituted derivative results. The hydra-

~zones obtainable from acetaldehyde should give the unsub-
stituted indoles, but this rearrangement has not been
successful as yet (102)(103}). To obtain such indole deriva-
tives it is necessary to prepare the hydrazone of ethyl
"pyruvate, carry out the necessary rearrangement, and then
'de¢arboxylate. This last operation frequently gives un-
satisfactory yilelds (104), though Shorygin and Polyakova
(105) report that the decarboxylation of 2-carboxyindole to
indole occurs in good yields. |
Indole compounds having amino alkylené dlalkylamino
groups in the benzene ring shoudd lend themselves to synthesis
from the corresponding amino derivatives that result when the
nitro compounds are reduced by sodium hydrosulfite (106} or
by stannous chloride in glacial acetic acid (107). Other
| ‘“methods lead to the reduction of the double bond in the 2,3=-
- position to give the dorresponding dihydroindoles. The ease

of reduction varies depending on the substlituent and its
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‘bp631tion in the pyrrol half of the indole nucleus. The

,_gﬁrboxylic acld derigatives are the most stable and the

‘i#ﬁébility of the other derivetives decreases in the order
2,3-dimethyl-, 2-methyl-, and l-methyl-indole (97).

All of the mononitro-2,3-dimethylindoles have
been prepared (106)(108) by the Fischer indole condensation,
It must be realizéd, nevertheless, that to attain the 4 or

 6 derivatives by this procedure the meta-substituted phenyl-
'hydrazone i1s required. A mixture usually results because
‘the rearrangement can occur in two different ways yielding
-a mixture of the 4- and 6-substituted compounds. Exceptions
_to this have been reported. Borsche (109) found that the
 'F1soher indole rearrangement with the 5-nitropheny1hydrazono

of cyclohexanone only condensed in the positionlgggg to the
, nitrd-group. On the other hand, Plant and Tomlinson (108}

o
. H C-Ha_
0N “N= ‘i-/ \QH

have shown that the 4-nitrophenyl hydrazone of methylethyl
fketone glves a mixture containing both:the 4- and 6-nitro-

2,5-dimethy11ndoles. The compound described by Bauer and

: » /,g\ol NOo
S | $H3 el
H . 3 *____ _ C _______% § }
_L —CH PN MN=3 ¢ AN
NN '{f/ 3 NH ¢, He oa‘ N ,:/
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 Strauss f106) as 6(4)-nitro-2,3-dimethylindole and which
they report to melt at 126° can be made to melt at 130° by
further recrystallization from aqueous alcohol.‘ It is bb-

“ viously 4-nitro-2,3-dimethylindole because it givesyidepres-

- sion of the melting point with 6-nltro-3,6-dimethyl-indole,
melting point 142°, The structure of the latter substance was
definltely proved by converting it to the known 2~-acetylamino-4-

 nitpobenzoic acld by the following series of reactions (110).

o~ NO,
L e ’ —r K.
: : CHS A<2 [o) S 2 HNOs : QZ 3
GLN T g ﬁ 3 OJ.N R '}/ | 3 OZN on
CocH, CO-CHy
L0 cﬂs ol -
_ak.
NH.Co .cH olnl NH. COC:Hg

‘S-Nitro-z,S-Gimethylindcla, melting at 142°, may be prepared

~by the careful nitration of l-acetyl-2,3-dimethylindole.

~ Alkaline hydrolysis of this compound ylelds the 6-nitro-2,3-

‘ dimsbhylindole (108). When 2,3-dimethylindole is treated with
potassium nitrate in concentrated sulfuric acid below -3°C.,
the H4nitro-2,3~-dimethylindole results. This was confirmed

 be*a mixed melting point with the compound prepered from

‘éhé 4-nitrophenylhydrazone of methylethyl ketone.
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| The nuclear amino derivatives which have been
prepared are 6-aminoindole (107}, 4-amino-2,3-dimethylindodeé
~ (110) and 6-amino-2,3-dlmethylindole (106).
| 6-Aminoindole was obtalned by the decarboxylation
- of 6=-nltroindole-2-carboxylie acid followed by stannous
chloride reduction of the corresponding nitro-compound in
,glﬁ&ial acetic acid. Both the hydrochloride and the free

base were too unstable to permit recryatallization.

The method of obtaining the 4-amino-2,5-diinethy1—
| indole differs from the usual procedure in that the 2-chléro-
S-nitrophenylhydrazone of methylethyl ketone was converted
into the correspondihg 4-nitro-7-chloro-2,3-dimethylindole.
kWhen this was reduced tﬁe simultaneous reduction of the nitro-
group and loés of the chloro-substituent in position 7 oc-

curred. In view of the lability of this chlorine it would

NGO, NO,
+ S,Hs Q. t‘.H-s \W
—r— CyHs
NH NH 5, Y/}\NH_N=,1 §—>
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pfébably react with an amino alkylene dialkylamlino compound
to yield the 4-nitro-7-(X -aminoalkylene-« -dialkylamino)-2,

3-dimethylindole,
02 o
‘ : -CHy : CHB
! L ——
A ACH g
RV H
Q@ + NH

CH, +CH, CHy NR,
HQ.-N A(U‘Q)lin RL H" *

The remaining S5-amino-2,3-dimethylindole was ob-
téined by the reduction of the corresponding nitro compound

~with sodium hydrosulfite.

ON . 2N
2% \§/ QH3 H \ \,1 - C“’{i’
| — | |
{ H LcH
3 | L \\d' .~ CHy
H

The analogue of plasmochin in the indole series would

have the following structure, XXIX. This should be derivable

" N
CH .'3,;;.(u+ajg-rl(csﬁs-).,L
‘ XXIX ' :
from the corresponding 5-methoxy-~7-aminoindole. To obtain
it by meana of the Fischer indole synthesis would involve
v'the preparation of 2-nitro-4-methoxyphenylhydrazone of ethyle
pyruvate, and its rearrangement to S-methoxy-7-nitroindole-

2-ethyl carboxylate. Hydrolysis and decarboxylation should
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5_;thjen glve S5-methoxy-7-nitroindole, which could be reduced -
amd condensed with 2-chloro-5-diethylaminopentane to give

ﬁiia | plasmochin analogue.

CH
cho <1lgo§ o, Ko
‘ i _—— + “;ia — : CHy —>
> K/“ 2l ceoFt SNH -N=C -cagEL
CH CHo N, Ugow —
—| | T
NO, 's"*z H
Cl-go

H
CHy WO (CHuy N (CoHs)y
A procedure similar to this was attempted by

| Robinson and Tomlinson (111) with partial success. They
_prepared the 2-nitro-4-methoxyphenylhydrazone of cyclo=-
hexanone and rearranged it to the corresponding 8-nitro-
S-methoxytetrahydrocarbazole whic'l; was then reduced to the
amine with sodium hydrosulfite. This latter substance _
could not be made to react with phthalo-¥ ~bromopropylimide.

‘ He , ' 2
CHO” , H, - CHeo

NH —N= LY N

co.,
+ &-(C*ﬁ)s'l{ O —3 Ng Reaction
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It is highly probable that this same difficulty
~ would be encountered in trying to synthesize the plasmochin
~_snalogue. A way of circumventing this difficulty might be

a8 follows:

‘ CN3 o chso /”\; <Ho \:
i _— > I ' Q. CookEt T é Ha i Ploa.
: ~

N

H I}- cooft
- HCH) N (), il G ()N (SoHsdy
~ CHp cho, N\ | Ho
i NaNH, L CHaH(OEE), sbokth a<d
~ N NH:Na NH () CH (),
o N- COOEE -cookt N.CooEC

CHg CH. (i) N (Calls), i, CH. () MNGHs), CH (@R N (Y,

cho, T
CO, ',A,A/wftE ' HoH N
NH 1CH 4 HO < ‘
N. CoofEt ‘ %
l‘ ' ’:'CboEt
Chy CH - ()N (o), Chty -CHL(CHa) NGy Hs)
0.7

N#
CHy CH: (CHy) N (Cals)y

Procedures quite similar to this have been used by Karrer

et al (112)(113) in the isc-alloxazine series.
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CL o+ W N @O0y ) oM K- () O

NOo, ( NOL \-NH,
—_— —

| | $ ol
N R b, P
™, N

Adams and Whitmore (114) have recently developed a method

of synthesis for amino-alkylamino-pyrimidines using sodamids.

Gcﬂs oc_“s
) Ha 4.,

kS ’

a Mz

The remaining steps in the suggested procedure make use of
standard reactions,

(4) Mannich Reaction products of indole, - The Man=-

nich reaction 1s essentlally a condensation between a .com-
pound containing active hydrogen, formaldehyde, and a sultable
amine, |
RH + CHgO + HNR'p, —> H.CHg . NR'y + Hg0

The essential fegqture of the reactlion being the replacement

of the actlive hydrogen atom by an amlnomethyl or suﬁatituted‘
eminomethyl group. Thus, the product from the reaction of
’acetOphanone, formaldehyde, and piperidine hydrochloride
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is}% -piperidinoethylphenyl ketone. (115).
i GgﬂecOCH5+CHQO+CuL11N.HCL —> CgHgCOCHoCHgN.CgHy o JHCLA+H,0
vSiﬂce the product obtained from a methyl ketone contains a
reactive hydrogen, it 1is sometimes possible to carry the
reéction one step further, ylelding a com@ound with two
- basic groups. (116).
| bQH,COCHQNRQ,H01+0H20+R3NH.H01———+ ceﬂscOCH(CHgﬂﬁa.Hcl)3+Hzo
- If the substance used in the condensation contains reactive
f,h&ﬁrogen atoms on two of more different carbons, then sub-
‘stituted amino-methyl groups may appear at different points
1h the molecule (117). AOnly one product 1s obtained provid-
’ 1@3 all the active hydrogens are replaced; however, mixtures
result when only two or more stages occur.

Since the ortho- and para-hydrogens 1in phenols are
~sufficiently active, they enter into the Manmnich reaction
 (117}(118}(119}. Compounds having other substituents as well
‘have been found to react. Examples of these are 4-acetamino-
-phenol (118), ortho- and para-cresol (1l17), meta-cresol (119},
3 5-d1methylphenol (120), 2-methyl-&~ethylphenol (117}, 2-

and 4-methoxyphenol (121), beta-napthol (121), and 8-hydroxy-
~quinoline (118) have all been found to react with formaldehyde
: and dimethylamine or piperidine or morpholine.

i , Other substances which have been reportad to under-
g0 the Mannich reaction are quinaldine (122), cyclohexanone
© (123), 2-acetylthiophene, 2-acetyl-4-phenylthiozole and 2-
’acétylfuran (124).
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» The first reported use of the Mannich reaction with
" indole is that of Heinrich Kihn and Otto Stein (B5). In
thelr paper they state that this reaction leads to good yields
,vagramine (s-dimethylaminomethyiihdole), 5-diethylaminomsthyl~
| }inddle, melting at 165°, and 3-(N-piperidylmethyl)-indole.
"Two years later a German patent (126) was lssued to Otto Stein
: and Heinrich Kuehn, presumably the same men, for 3-dialkyl-
aminomethylindole derivatives to be used in the preparation
7.Q£~wetting agents. All of the above compounds are statéd as
'hgving been prepared by carrying out the reaction in acid
4 ’aolﬁtion. In addition to these three compounds they also
, describe the 3-(N-ﬁorphoylmethyl)-indoléa The point which
'vshbuld be noted, however, is that these investigators report
the S-diethylaminomethylindole compound to melt“ét 105° to
f106°. This indicates that either the compound melting sat
165° and that melting at the lower temperature are different
ksubstances or that a typographical erfbf was made in the print-

' ing of a zero for a six or vice versa. A careful examination

‘of Kthn and Stein's procedure indicates that an alkaline
f¥m§dium was probably used. Since this condition would tend

to févor polymerization it is highly probable that the higher
" melting substance is such a product rather than the reported
 3-diethylaminomethylindole.

B. Pyrimidine Compounds.
| Representatives of the pyrimidine group have been
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'éiscovered in nature occurring as normal constituents of the
}#ﬁéléic acids, These derivatives are keto forms of pyrimidine
éﬁd are classified as cyclic ureides contaiﬁihg =C0-NH~
grbupinga. The derivatives thus found 1n’nature are représented

structurally in the following Table I (127).
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 Table I. DNatural Occurrence of Pyrimldines

Natural Type of

~Source Pyrimidine Name Formula
& : o
~ Animal, plant, Dioxypyrimi- Uraecil T\\
' n NH
or bacterial dines Thymine ~v
“ nuclelc acids \ 0
S o (Q&g
u@“
 Animal, plant  Aminooxypyrim- Cytosine “a.”ll/'%
-@r ‘bacterial idines. ' . N\E/AN
‘ nucleie aclds, 5-Methylcy=- ‘ e
\ 3
tosine : Hxﬂm
h W
Milk Dioxypyrimis= Orotic acld
: dine-carboxylic #o biﬁ\
~ Seeds of Trioxyamino- Convicine Isouramil+d-
- plants. pyrimidineglu~ Isouramil Tl glucose

coside. Oﬁ/‘\‘g"mx
. . “N\r( H

v}

Diamino-dioxy- Vicine Divicine+d~
‘ glucose

pyrimidineglu= pivicine ‘
o o]
eodide 0&

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



44

~ Recent investigations in vitamih chemistry has slso established
vffhe existence of a pyrimidine cycle in vitamin By (128)(129)
(130)(131) as well as in ¥itamin B, (132)(133).

cw CROM) cH,OH
L( )3 * N“lc“B\ —s
C.“’a_*-——v// \
.____C CH,-CH; SOH
Nitowmiin B \llfawuma\ H&&\—ocl\loviie

In recent years sulfa drugs conteaining the pyrimi.
dine ring'have appeared (154)(3%5). Sulfadiazine (2-ful-
’Vfanilamidopyrimidine), XXX, sulfamethyldiazine (2-sulfanilamido-
,4~msthylpyrimidine), XXXI, as well as sulfamerizine (2-sulfanil-
" anddo-4,6-dimethylpyrimidine), XXXII, are cited as examples.

CHy Hc CH,

A
;‘4 Hoo }Vl/
S0:- \\M“> NH, Q > &'61. Q NH,,

XXX XXXT XXXII
‘ These compounds have been found to be guite active (136},

L

&?55

_ Since the aromatic diamidino compounds, such as
propamidine and stilbamidine could be converted into the
‘~ Jcorresponding bis-dimethylpyrmydyl compounds by the action
11 5faf acetylaeetens, it would be of interest to try this. The
action of acetylacetone on propamidine for example should
proceed as follows to give 4,4'-di-(4,6-dimethylpyrimydyl-2)-
1,3-diphenoxypropane,
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R, cH
BN "c’/N" Ny NH #c cH, 3 Y
S
Ho-—cl:l
ta cH 7
0“‘
6 - (ch,) 0 b
(_ﬁ% QH3
| U-CH,CH, CH -0

A method of preparing pyrimidines from acetylace-
tone has been described by Pinner (137)}. Using this proce-
dﬁre he was able to prepare the following substances, 2-
?hﬁnyl-é,6-dimethy1pyr1midine, 2-(4-methylphenyl})-4,6-dimethyl-

| pyrimidine, 2-benzyl-4,6-dimethylpyrimidine, 2-(8 -naphthyl)-4,
G-dimethylpyrimidine and 2-(0(-fﬁryl)-4,6-dimethy1pyrimidine.
Gabriel and Colmen (138) only obtained a complex of the type,
Q5H10N30+05H303, on reacting 4-methoxybengamidine with acetyl
scetone under these conditions. The desired 2-(4"'-methoxy~-
phenyl)-pyrimidine was obtained, however, by heating the

| ;above addition:sl compound at about 140°, The product thus
obtained was found to melt at 96° to 97°. Tt was also con-
‘verted’to the corresponding 2-(4'-hydroxyphenyl)-4,6-dimethyl-

1‘pyrimidine with constant bolling hydrobromic acid. The reac-

tlons used by these investigators were as follows:

%Akcvﬂu

Gty
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» An alternate symthesis of 4,4'-di-(4,6-dimethyl-

”   yrimydyl-z) 1,3-diphenoxypropane might also proceed from

x}the 2-(4'-nitrophenyl)-4,6-dimethylpyrimidine through the
amino and hydroxy compound. Reaction of two moles of the
geéium salt of 2-(4'-hydroxyphenyl)-4,6-dimethylpyrimidine
ﬁith one mole of trimethylene bromide should give the desired

 6ompound. This method of attack would also offer an independent
S " oL

O ~ CHyeH, CH —
synthesls of Gabriel and Colman*s hydroxyphenyldimethyl
/pyrimidine. ﬁbreover, it would lead to two new compounds

: bébanse the corresponding nitro and amino derivatives are
at present unknown.

| So far as we have been able to ascertain only one
mo#onitro-z-pheny1-4,G-dimethylpyrimidine has been prepared.

'  Thia was obtained by Ochisai gg.gg (139). Thias was prepared
by nitrating 2-phenyl-4,6-dimethylpyrimidine in the cold.
They also reported converting it into the amino compound '
'by catalytic reduction and this in turn into the corresponding
;hgéroxy derivative by means of the Sandmeyer reaction. This

"fiétter substance was defiﬁitely shown to be diffefent from
Gabriel and Colman's compound by a mixed melting point.

The synthesis of the 2-(4'-nitrophenyl)-4,6-
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:,ﬁégmgthylpyrimidine would involve the preparation of 4-
  nitrobenzam1dine. The latter substance was reported by Pinner
and Gradenwitz (140), who obtained it by converting 4-ngtro=-
,kbenzonitrile into the corresponding 4-nitrobenziminoethgyp

ﬁluhydrochloride by the action of anhydrous hydrogen chléride

~ gas and alcohol, < aﬂso\c,/\l bt

i
D el c,HoO0H
: Al 3 j

No, _ 04

Reaction of this with alcoholic emmonia transforms the

imino ebher into the corresponding 4-nltrobenzamidine hydro-

’ chloride. CQ‘H'SO /N”l HzN //NH JHed

+ NH, ——ﬂQu-—-»O + CNsOH

NO,

The isbmeric S-nitrobenzamidine hes also been
grepared (141)(142), and it would be of interest to convert
it into 2-(3'-nitrophenyl)-4,6-dimethylpyrimidine for com=-

~ parison with the nitro compound obtained by Ochial et al.
In addition, its conversion into 3,3'-di-(4, 6-amethy1pyr1;
Flf:ﬁ_dyl-z) 1,3-diphenoxypropane, isomeric with 4,4'-di4,6-

 V]d1methylpyrimydy1-2) 1,3-diphenoxypropane, should be possible.
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IV. DISCUSSION OF EXPERIMENTAL RESULTS

, ’A. Synthesis of Indole Compounds and Intermediates.
i | The experimental work in the indole series may be
’ regarded as gxploratory in nature since no compounds analogous‘

to plasmochin were synthesized. "The pesearch was begun with
 ﬁhe object of systematically preparing aminoalkylamino de-
 rivgt1ves of indole in which these substituents would be
"1c4eated in the slpha- and beta-positions of the pyrrol half
§f the indole molecule,
| The synthesis of 2-aminoindole, am originally
: carried out, requires six eeparate operations (86}, In -
" ean attempt to avoid some of these, we declided to start with
’ 2-nitrobenzéxe qcid and prepare the necessary 2-nitrophenyl-
gdetamide by means of the A%ndt-Eistert reaction. An ;nspec-

‘tidn of the proposed procedure shows that three separate

cooH coed o .CHN, CHyr CONH,.

NO3. : NO, NNo, NO,

steps are required:

1. The formation of the acid chloride.
2., Reaction of the acld chloride with dilazomethane
} t6 yie1d the diazoketone.
i 3. Rearrangement of the diazoketone, with the loss

~ of'ﬁitrogan, in the presence of freshly pregipltated silver
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‘ff;éiide to give the amide when the medium is ammonical.
’ ?jEf§m a first inspection of the proposed method, it would

'.appear that no saving of time would result., It should be
| realized, however, that in the actual Arndt-Eistert proce~
'  dnre, the preparation of the diaszoketone from the acid'

: chleride and 1ts conversion to the amide, can be carried
oﬁt in one day. The actual number of steps are reduced
aihce the diazoketone may be used immedlately. The other
| V*Step of course being the preparation and purification of
"the acid chloride.

(1) Synthesis of 2-nitrobenzoyl chloride. - The acid

_chloride of 2-nitrobenzoic acid was prepared by both the
method of Claisen and Shadwell (143) from 2-nitrobenzoic
“acid and phosphorus pentachloride and by the method of Mgyer
>(144) from 2-nitrobenzoic acid and thionyl chloride. The
latter's method was found to be the most satisfactory.

.,Real difflculty was experienced in attempting to purify the
;product by distillation.at reduced pressure as recommended
"bj‘Schroeter and Eisleb (145) because of rapid.decomposition,

- often with expiosive violence. Recrystallization at low

" témperatures was then attempted. This procedure was found
‘ t6"be satisfactory for the preparation of large quantities
~of the acld chloride. <The product thus obtained possessed
'fgﬁiignt orange color rather than colorless as the,cryétéls

réﬁorted by‘Erdmann (146), melting at 20°, and by Hovrojannis

';(147), melting at 24°-25°, Our product melted at 22°-25°,
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- ;Itymay have been possible to distill this purified material
" under reduced pressure without decomposition, No attempt
 'waS made to do this,

(2) XN-Nitrosomethylurea. - The diazomethane, used in

.” 7the Arndt-Eistert reaction was obtained from N-nitrosomethyle
urea. |
CHQN(HQ}CONH3+KOH-———9»CH3H3+KCNO+HQG
’.This substaneé'was prepared by the reaction of ﬁethylamine
  hydroch1or1de, potassium cyanate and sodium nitrite (148)
,gnd by the reaction of methylamine hydrochloride, urea and

. CHg NHg ,HC1+KCHO ——» CHg.NH.CO. NHz+KC1
CHg .NH,CO ,NHg+HNOz—>CHa N( NO} .CO, NHg+HgO

sodium nitrite (149). This last procedure is readily

cHa oNHg .H01+NH3 .CO ’NHa F—ﬂ'_—l CHa NH.CO .NHQ“"NH‘ C1l
 CHp oNH.CO.NHg+HNOg §EE§E>OH5.N(HO).co.NHE.Haso¢+Hgo

carried out and represents a considerable imprdvemant over
‘the first, since less labor is involved. In carrying out
_ the second stage of this operation, the addition of the
Methylamine-urea-nitrous ascid solution to the cold aqueous
| sulfuric acid, it was found best to have the inlet tube
| extending below the surface of the liquid. This avoids
e the}losa of nibrous~ox1de liberated in the reaction.
| “ (3) 2-Nitrophenylacetamide. - To prepare the@desiied
2-nitrophenylacetamide the preperation of Arndt and Eistert
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;(8ﬁ) was attempted. Instead of the expected amide, melting

| at 160°-161°, a compound melting at 70°-71° with decomposition
 waa obtained. Extraction of this with dilute alkall, filter-
,';ing and then acldifying gave a small amount of material which
"mglted at 100°-108° with decomposition. Reissebt and Scherk

"(156) reported that 2-nitrophenylacetic scid melted at 100°-

' 11Q°fw1th decoﬁposition. The insoluble residue on recrystal-
s lization from 95 per cent alcohol melted at 69°-70°, Reissert

utgngﬁﬁghnrk report the ethylester of 2-nitropheny1acétic acid
'Agméiﬁa at 69°. It is evident from this that the alcohol used
’v1ﬁ the prodedure reacted.with the diazoketone to give the

‘correéponding ester,

S NO NO
o | > + CHs0H  —— {:::[ fou

To avoid this reaction we decided to use a procedure
similar to that described by Burger and Avakian (151} for the
.preparation of para-homoanisamide. In this way we were gble
: téﬂebtain a 44 per cent yield of the drude amide, melting point
;i§0°3360°. Recrystallization from 95 per cent alcohol caused
i'itftb melt at 160°-161°, This yleld is about 10 per cent
’j flawer thanathat recorded by 3rndt and Eistert (88), but we
H"feel that our modification should give even better results
prbviding the acid chloride and the dioxane were free of all

impurities.
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(4) Z2-Nitrobenzylcyanide. - The conversicn of the acid
aﬁide to 2-nitrobenzylcyanide was carried out using the direc-
tions of Pachor and Hoppe (86). Two methods may be used, (a)
 dahydration by Reating with phosphorus pentoxide and distilling

:  ¢ff the cyanide as it is formed, and (b} refluxing with thioe
‘nylchﬁoride in anhydrous benzene, and steam distilling the
amorphous residue. Both methods were tried, the latter gave

the most satisfactory yleld. The product obtained by both
hethéds metled at 85°-86°, Pachorr and»Hoppe'a product
melted at 84°.

(6) 2-Aminobenzylcyanide. - The conversion of the

cyanide to the 2-aminobenzylecyanlde was also carried out
using the above investigators procedure. The method was
»"faund to give the expected amine in good yield, but on trying
to recrystallize this product it was chenged into an insoluble:
blue substance. The investigation was not carried further
because it was felt that the 2-aminoindole would be even
more difficult to handle due to & tendency to undergo air
oxidation. The reactions thus far cerried out were as fol-
| ms:

H,-CONH, CH,eN

=00

No attempt has been made as yet to prepare 2-chloro-

indole by the method of Mazzara and Borgo (89) from indole and
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sulfuryl chloride.
b (6) 3-Iodoindole. = Attention was next turned to the

?beparation of 3-iodoindole by the procedure of Pauly and
-Gundermann (91). This gaﬁe an excellent product. It was
not found to be too stabie, for on allowing to remain in
contact with alr overnight it underwent decomposition,
An attempt to react this with morpholine end ¥ -diethylamino=-
' prcpy1amine ylelded tars from which nothing could be separated.
(7) 3-Aminoindole. -~ Since the 3-iodolndole was found

to be unsatiSfactory, we then attempted the preparation of
}3-aminoindole by the method of Madelung{90}. Indole was

allowed to stand in contact with iso-amyl-nitrite and sodium

éthylate for two deys in the refrigerator., ‘The amyl alcohol
 §48 extracted with ether and the aqueous layer treated with
& 6 normal alkaline solution of sodium hydrosulfate until

thQ co1or was discharged. The product, of which only a trace
was obtained, was in the form of pale yellow plates. These
-iplatés melted at 115° with decomposition when rapidly heated.
, Mad61ung reported the compound to melt at 117° with decompo-

sition upon heating rapidly. The above pale yellow plates
’pfsbably represented a slightly impure form of 2-aminoindole.,
“This procedure gave such unsatisfactory ylelds that any syn-
,-thpgis depending on its use would be impractical. No further
 g£tempts were made to lncrease the yields,

| Instead of continuing investigations along these

lines we began'work with the object of synthesizing indole
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»vQOmpounds possessing aminodialkylamino side chains in the
 r,Jb§h2ene half of the molecule. These derivatives it wes
" th0ught, might be more stable providing the 2- or the 2,3=-

' pasitions were occupied by‘mﬁthyi groups. These compounds can
‘,;be‘obtained from either the 2-nitroe or 4-nitr0phenylhydrazona.
éf acetone or methylethyl ketone by means of the Fischer re-

. gfrangement. Reference to the literature showed that &all the

mbﬁinitro-z,S-dimethylindole‘compounds had been prepared (106)
(108}, Attention was therefore turned to these compounds.
= The meta-nitrophenylhydrazone of methylethyl ketone
vgives a mixture when a Fischer rearrangement is carried out;
- therefore we decided to confine our attention to the corres-
- ponding ortho- and Rggg-derivatives. Since the para-compound
- had been converted into the 5-amino-2,3-dimethylindole by
Bauer and Strauss (106), it was felt that the corresponding
ggggg-nitrophenylhydrazone should also be capable of conver-
,SiOn to the corresponding 7-amino-2,3-dimethylindole using
| éimilar conditions. The reason for selecting this particular
j derivative, being that it was not yet known and that it
‘ﬁéﬁght to be more nearly like the corresponding 8-aminoquilno-
\1ine analogue. This similarity 1s readily seen by & comﬁari-

‘son of these two structures. In addition to this; the
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o EEiMMltaneous preparation of the 5-amino-2,3-dimethylindole
f[and 5-methoxy~7-amino-2,3-dimethyl 1ndole was also planned.
"This last substance is the indole analogue of 6-methoxy-8-

"'amino-qninoline,plasmochin base,

H,_N \ . cp% ug(\ déo
CHy A ke
%;*auxi N & NH.
N“Q_ L] 2

Because each of these substances required different
‘inter;mediates they will be \discussad in the order in which the
subSéituents occur in the benzene half of the indole molecule

rather than in the order which thej were studled in the labor-
j,atory. This, the Se~amino~-compound was not prepared,'even
thpugh its preparation had already been described, because
the 7-amino-2,3~-dimethylindole was the first obtained in
_Vthis investigation. Since 1t was found to be unstable, this
1ina of study was dropped and the remaining time was: given
-over to a study of the Mannich reaction products of indole
~‘  and to the synthesis of 4,&'-di-(4 6—dimethy1pyrimydyl-2)-l
| - 3~diphenoxypr0pane .
(8) 4-Nitrophenylhydrazine. - The stérting point for

'thé synthesis of S5-nitro-2,3-dimethylindole was 4-nitrophenyl-
  hydrazine. The most satisfactory methods for obtaining this |
 ,éﬁbétance ere those published by Davies (152) and which de-
": péﬁd on the use of sodium sulfite or of ammonium sulfite to

bring about reduction of the diazotized 4-nitroaniline.
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v The uéﬁél course which the reaction takes consists
f in°th5 formation of the appropriate diazosulfonate by the
| action of sodium sulfite on the diazonium chloride. This is
then reduced with blsulfite or sulfur dioxide to the hydra-
"zinesulfonic acid. Hydrolysis of this glves the corresponding
h&drazine hydrochloride (153).
‘ PhN;C1+NagS0s —» PhN:N.SOzNa+NaCl
Phﬁ:N.sozNa+NaHsoz+Hso.__+Ph.NH.NHsoaﬂa+NaHso,
. PhNH.NHSOzNa+HC1+Hgo0 —— Ph.NH.NHg,HC1+NaHSO,
| Reductioﬁ of diazotized 4-nitroaniline does not
féllow this course (152)(154)}. In this particular instanbe
‘;the,diazonium chloride reacts with two moles of sodium Sul-
“fite and one mole of water to produce a diazodisﬁlfonate
~compound in addition to sodium chloride and sodium hydroxide.
It 18 not necessary in thils instance to reduce the compound
‘with sodium bisulfite or sulfur dioxide since the hydrazine
‘hydrochloride is formed on hydrolysis of this addition pro-
. duet.

NOz 005H4 OKQC].""BNQBSO@‘.‘HBO — >
NOg .CeHy - NoH(SOsNa) g +NaC1#NaOH

- NOg .CgH, «NoH(SOzNa) g +2Hg 0+4HCl——
NOg+CgHg « NH,NHg1 HC1+2NaHS0,

S Although Davies designates the quantitlies to be
| ﬁggd in the diszotization of 4-nitroaniline he does not

sPeéiﬁy the method. Para-nitroaniline tends to form
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diazooxides and couples with itself when diazotized slowly.
rvfwé'therefdre pasted the amine with the afid and thén caused
‘the free base to precipitate in a finely divided form by
adding crushed ice and water all at onde. Treated thus,
| the temperature of the mixture tends to drop té 0° to =3°
whéreupon the calculated amount of sodium nitrite,'in a small
yraﬁount of water; was added. Thls procedure resulted in the
formation of a nearly clear solution within about ten minutes
.~ providing good agitation was used, This was filtered and
added to the cold sulfite solution in accordsnce with
vﬁaﬁies’ directions., The hydrazine was obtaiged in a yleld
| ﬁhich amounted to 67 per cent of the theoretical amount.
:"'Itialso melted sharply at 158° with decomposition., A sam-
fﬁie on recrystallization from dilute alcohol formed light
Qbréwn platelets which still melted at this temperature.
Davies stated the compound melts at 157° (dec.).
(9) 4-Nitrophenylhydrazone of methylethyl ketone. =

: ,The procedure of Bauer and Strauss (106) was followed in
the‘preparation of 4-nitrophenylhydrazone of methylephyl
'kétone. Accodding to the authors the yields were good.
Avyiéld of 70 per cent was obtained by us from two six gram

»Vruns. When the same mother liquor was used for two additional
preparations the combined yields amounted to 86 per cent of
the calculated amount. The crude product melted at 124°,

,f?ﬁfiéné;reérystallization from diluté~alcohol caused 1t to

 melt at 126°-127°, This is 2 degrees higher than that
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_ reported by Bauer and Strauss.

(10} 5-Nitro-2,3-dimethylindole. - To rearrange the

yé—nitrophepylhydrazone into the corresponding 5-nitro-2,3-
dimethylindole we used the same author's directions. Using
5 grams of the finely pewwdered hydfazone and refluxing with
concentrated hydrochloric acid on the water bath, a yield
of 44 per cent of the theoretical amount was obtalned. 1In
‘anéther preparation approximately three timesthls amount

of tha hydrazone was transformed using the same period of

: heating. The yield was 60 per cent of the caleculated amount,
:meiting point 182°-184°, Recrystallization from dilute ace-
,’fickacid gave tiny,‘broﬁn orystals, melting at 186°, This
1s in agreement w. th Bauer and Strauss' value,

(11) 2-Nitrophenylhydrazine. - This was first prepared

by Bischler's procedure which considted in the formation of
the tin double salt by ellowing a strongly acid stannous
_ehloride solution to run into the diazotized ortho-nitro-
faniline. The precipitated tin double salt was filtered,
dissolved in hot water and hydrogen sulfide gas passed in
: tb;precipitate the tin as stannic sulfide which could be
’filtered off. The free base was then liberated by adding
é;saturated solution of sodium acetate to the mother liguor.
'U@der these conditions a 42 per cent yleld of the crude pro-
dﬁct resulted, meliing at 83°-85°, Recrystallization from
‘L‘bénzene raised its melting point to 90° which agreed with
that repated by Bischler (155). The ylelds were too poor
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»»ﬁndrthe labor involved too great to make thls method of
 practical value, |

- A careful search through chemicalabstracts brought
to light the procedure of Miller, blontegel and Reichstein. (156).
This they reported to give ylelds varying frém 74 to 89 per
-Qénﬁ of the theoretical amounts using a 0.35 mole quantity

of ortho-nitroaniline. At no time, however, were we ever

aﬁla to obtain yields as good as this. In one 4nstance a
eﬁnde yield amounting to 30 per cent of the theoretical
resulted, and in another the yiel& of the pure product 43

per cen$, melting at 92°-93°,

| As far as we w&re Able to determine no detail in
the preparation had been overlooked., Two sources of trouble
~may have been due, however, either to an incomplete diazotiza-
tion of the amine or incomplete hydrolysis of the hydrazinesul-
fonate. Incompleée diazotizatlon may have occurred, since the
prodess was carried out in the cold. Bogert and Hand have
(157) pointed out that no external cooling is necessary in
this dlazotimation and that cooling only retarded it. The
other source of error is more positive, since we found the
‘hydrazinesulfonate to be relatively insoluble in the hydroly-
tic medium and that prolonged boliling was necessary. Thls
treatment, since concentrated hydrochloric acid was used,
“presented considerable trouble because of the evolution of

hydrogen chloride gas during this digegtion,
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et Hoping to find a better procedure, we sought for a
’:iigp;ck method of diazotization for weakly basic substances
"véimilar to ortho-nitroaniline as well as a hydrazine sulfonate
which should not be too resistent to hydrolysis.
‘ To bring about quick diazotization we found the in-
'i,vsrted method devised by C. and H., Sunder (188) for para-
nitroaniline to be qulibe satisfactory. It also possessed an
;:édVantage over the more common direct method in that it
yields a more concentrated solution and can be carried out
nore quickly, since the amine is pasted with water and sodium
ﬁitrite tnstead of being dissolved in acid by heating. The
aéid requirement may also be cut down to 0.1 mde excess over
the theoretical amount.
| A satisfactory reducing agent was found in ammonium
sulfite using the method of Davies (152) for para-nitroaniline,
‘Since the diazosulfonate 1s more soluble than the para-isomer,
1t was necessary to meke the reastién mixture strongly acid
and to allow 1t to standiovernight before a precipitate was
‘forméd. By heating this’with concentrated hydrochloric acid
oﬁ the steam bath it was readlly converted into the hydrazine
hydrochloride. Strong cooling caused this to precipltate.
By taking it up in hot water and adding a saturated solution
of sodlum acetate it was possible to obtalin goodylelds of
2«nitrophenylhydrazine.
- (12) g-Hitrophsnxlhydrazone of methylethyl ketone. =

* jThis‘was prepared in the same way as for the para-isomer,
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_.Tho yields were also quite good and the technique of reusing

the mother liquor was found to equally satisfactory as in the

previous case., It was not necessery to recrystallize the
 nydrazone since it melted at 73°, This is the same as that
reported by Bauer and Strauss (106).

(13) 7-Nitro-2,3-dimethylindole. - This hydrazone was

fbund to be somewhat more resistant to rearrangnmaﬁt than
the para-isomer. However, by filtering off the nearly
pure product, melting polnt 158°-160° (dec.), after cooling
the reaction mixﬁure and then diluting the mother ligwor,
it was pogsible to recover any undhanged hydrazone due to
"‘ité insolubility. On allowing the above diluted mother 1li-
_ quor to stand overnight we obtained slighkly more than a
~ gram of reddish colored needles which melted at 208° (dec.).
~On the basis of a nitrogen analysis of this product it appears
; to be the hydrochloride of 7-nitro-2,3-dimethylindole, how-
'{ever, the analytical results are 0.4 per cent too high for
ﬁhe calculated value. Tb confirm this it would be.neeessary
- to have a chlorine analysis. If we assume the analytical
 data sufficient the formula could be represented by the
~following:

¢&3

~ Hs
NO, H el
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© (14) 7-Amino-2,3-dimethylindole. - About 0.03 mole of
»7¢nitro~2,3-dimethylindole; mélting at 158°-160°, was treated
'iith a sodium hydrosulfite until approximately 0.3 mole ex-
- cess had been added to the boiling mixture. The resulting
'paie.yellow solution, after removal of about 150 ml. of sol-
- vent, yielded slightly over one gram of a product melting at
125°-127°, It was found to be extreﬂely soluble in alcohol
as well as 1nlbenzene. The lJatter was used as a solvent for
reerystallization. The white crystalline product which
'~sépgrated out, melted at 129%-130°, A nitrogen analysis
agreed closely with the calculated value for the desired
amine, Thé product 1s not stabls, for on standing several
_days in a tightly stoppered bottle, it turned black. The
 manner of synthesis is 1llustrated in the aceompanying

équation'

Thlis represents, we bellieve, the first recorded
synthesis of the particular amine. The one whiéh is still
 unknown 1is 6-amino-2,3-dimethylindole. |

(15} Attempted preparation of 2-nitro-4-methoxyphenyl-

hidrazine. - The preparation of this compound has been
: réported by Robinson and Tomlinson (11l1l). They reported
"~7ﬁnat this compound was obtained by adding a cold diazotized
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lifsfﬁitro-4-anisidine solution to a cold stannous chloride
 301ution. Treatment of the precipitate, after redissolving
» 1ﬁ.water, with excess sodium acetate ylelded bright red

plates which melted at 127°,

c%c& Cho
NHL NH'NHQ_
Noz No.,

A repelation of their work ylelded only a small
amount of tiny red needles. The heavy precipitate which
wésvformed appears to be composed for the most part of tin,

jsihce consliderable ash remained as a residue on burping.
:Thé needles were also found to give a depression of the
melting point with 3-nitro-4-anisidine.
| In a second and much larger run we were able to
obtain about 8 grams of bright red needles, melting at 102°-
| 103°, This was raised to 108°-109° on recrystallization’
‘ffrcm dilute alcohol. The melting point was not raised any
"highsr by an additional recrystallization., Analysis showed
1t’to contain 16.4 per cent of nitrogen. It is defihitely
nét‘the hydrazine since this must éontain 23 per cent of
nitrogen. »
| Assuming the presence of one nltrogen in the
molecule it may be found by caleulation that the formula
welght is approximately 85 or some integral multiple of
this value, By a process of trial and'error and by

speculating on the possible couse of the reaction, the
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v‘fcllowing three formulas were found to fit the analytical

data the closest,

oH 0 ocH | CH
\ 3/\/ 3 S f
| ~n—l Y)

NO, NO,, NO, NO,
Cale. N, 1687 % Cole. N, u.oq% |
cH
NH-NH -
NO, NO.,

Colle. N, 16.77%
From the amount of information available, however, 1t must

be realized that these are theoretical possiblilities and
nothing more.,
In another large run in whichppotassium sulfite
wﬁs used we succeeded in obtaining some material possessing
,a’red granular appearance snd which malted at 123°-127°,
 31née ﬁhis agreed falrly well with the reported value of
;Robinson and Tomlinson, we decided to try preparing the
'T;hydrazone of methyl ethyl ketone. To do this we poured
 over the above product a mixture of conceﬁtrated sulfuric
 gcid and 96 per cent alcohol (1:5 by volume). A vigorous
évolution of gas occurred; fﬁis d1d not seem too surprising
vSince the product was crude and could have contained sodium
, carbonate. Dilution of this mixture after a few minutes with
water caused crystallization. In this way we obtained tiny,
,,piﬁk,needles melting at 170°-172° with decomposition. Re=-

~ erystallization from aloohol raised the melting point to
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| I72°;175° (dec.Y. Anglysis of this showed it to contain
: siightly more than 9per cent of nitrogen. Calculation, as
lrbéfore, indicates the formula weight to be about 154 or an
integral multiple of this. We are not prepared, as yet, to
k;,suggest a possible structure for this.
In a fourth trial we attempted the preparation by
forming the dlazo-sulfonate followed by reduction of this
“wlth sodium bisulfite. From this reaction we obtained a
préduct which was soluble in hot water. When dried it was
found to melt with decomposition at 119°-122°, Recrystalliza-
tioh from 85 per cent alcohol gave pink éoloréd needles,
& meiting at 168°-170° (dec.). Since these appesred to be
’jidentical with the previous product, melting point 172°-
173°, a mixed malting point was teken. Instead of a de-
;pression the mixture was found to melt with decomposition
at 170°-171°, It was assumed therefore that the two pro-
ducts were 1ﬁentical and that the materlael, melting point
: 16é°-170° (dec.), was the leas pure sample. Analysis for
‘nitrogen agrees with shis surmize, since i1t contains about
‘,8;5 per cent nitrogen. |
| A last and final attempt was made to prepare this
hydrazine by the ammonium sulfite process of Davies (152).
In this instance the procedure seemed to proceed satisfactorily
‘up to the hydrolytic stage. Here considerable decomposition
~and tar formation occurred, Filtering this off and adding a
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1 safﬁrated solution of sodium acetate to the flltrate, ef- v
’: ;fected the preclplitation of a small amount of brilliant, red,
_eolored plates contaminated with some tarry material, These
- "ha.wvré not been sufficiently purifled, as yet, to‘warrent any
 eonclusions, but it should be noted that this is the only
fpibduct thus far obtained which formed plates., If these
should turn out to be identical with the material described
,'by*Roginaon and Tomlinson, it may be possible to work out a
~sultable preparation baséd on the above procedure.

(16} N-(X -Diethyleminopropyl)}-2-nitroaniline. - Towards

" the end of the above experimental work, it was decided that
Laxnew scheme for synthesizing the dlalkylaminoalkylamine de-
| rivatives of indole would be necessary. With this objJect in

mind the following series of reactions were outlined.,

< NH. ccu,,) N(CHs),

NOy + H,N° (CH,_) N(%HS)
“‘———>

H,(CH,_)s.:N(CLHS)?_ NH-(QHL)_:,'M(CJ-‘T)L

NH’- N v NH"NH;

H, (CHy) 3N (CaMs) 2
NH-N'= 8- s CH3
CH, CHy

v

NH'("-“:\)S' N (Qa.H:)&
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A This problem was begun at about the time our at-
\ ytéhtion was shifted to a study of the Mantich reaction pre-
ducts of indole and the synthesis of 4,4'-di-(4,6-dimethyl-
pjrimydyl-Q)-lks-diphenoxypropane. We only managed, therefore
to cerry out the first step in the serles,
To accomplish this we adapted the procedure of

k K@rrer and Naef (113) for the preparation of N-hydroxy-
ethyi-Q-nitroaniline to the abowe reaction between Z~nltro-

:dhlorobenzene and ¥ -=diethylaminopropylamine in tﬁe presence
of-pyridine. The reaction mixture was steam distilled to

fremdve the pyridine and any unreacted 2onltrochlorobenzene.

1 Since all three components of the mixture were volatile in
steam, distlillation was only continued untll the odor of
pyridine could ho longer be detected. The filtrate was not

Iydiscarded since it contained a fair quantity of the desired
compound. Instead it was evaporated and steam distilled
kfrom‘an acid solution so as to remove any unchanged 2-chloro-

- nitroaniline. The reaction mixture remaining in the flask
following the removal of pyridine was treéted in the same way.

| Both acid fractions were then made alkaline with concentrated
ammohiumfhydroxide and subjected to another steam distillation
ﬁhbil all of the N-(¥ -diethylaminopropyl)}-2-nitroaniline had
cbme over, This was then extracted with ether and precipi-
tated as the hydrochloride by passing in dry hydrogen chloride

gas. The pﬂodueﬁ thus obtained melted at 169°-174°, Recry-

sﬁallization from a small volume of aleohol‘ga#e orange
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- needles, melting at 183°-184°, A nitrogen snalysis indicated
 [;£§&% the compound was combined with one molecute of hydrogen
 Eh1or1de. No chlorine analysis was carried out.
-, In place of the 2-chloronitrobenzene we also used
z-iedonitrobenzene and instead of steam distlilling as in the
1; previous case, we extracted the reaction mixture with ether.
This was then washed in turn with sodium thiosulfate to re-
move free iodine, water, dilute ammoﬁia and finally water
' ,again. The etheral layer was dried over snhydrous sodium
‘aﬁifate and the hydrochloride pretipitated by passing in dry’
“hydrogen chloride gas. The hydrochloride usually precipltated
as a red colored oil, but solidified on chilling in an ice-
bath., The product obtained by this procedure melted at 172°-
175°. It contained an impuritj which was difficult to re-
moVe, hence 1t required several recrystallizations bvefore

the’melting point was raised to 183°-184°,
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v“,E;“Mannich Reactién Products of Indole.
v The Mannich products derived by reacting indole,
 forma1dehyde and a suitable amine together mre somewhat
similér to the dialkyleminoalkylamines, Thelr difference is
' ’that in one instance the amino group 1s attached directly to
‘\’the nucleus and in the other, the amino group is separated
from the nucleus by a methylene linkage.
It would seem likely, therefore, that compounds
: of this type might exhibilt éome antimalarial activity. The
~investigation of these substances was undertaken for this
reéson.
Since Kithn and Stein (125} had reported the synthe~
'bsis of a number of such products in good ylelds, we decided
to prepare these materials so that they might be included in
agprOposed serlies as well as to acqualnt ourselves with the
1g,enei'al applicability of Kihn and Stein's method‘of synthesis.
(1) 3-Dimethylaminomethylindole (Gramine). -~ Khhn and

Stein's procedure calls for the use of an aqueous solution

4kéf'dimethy1am1ne, but since this was not avgilable we decided
to try the reaction with dimethylamine hydrochloride.

The hydrochloride and sodium acetate were dissolved

_ in water and to this solution was addeéd glacial acetic acid.

~ The mixture was cooled and to 1t was added 40 per cent formalin.
The resulting mixture, at 5°, was poured over the indde. The
indole dissolved on shaking and the tsmpefature rose to 30°-

35°, The following day thafﬂﬁar solution was neutralized,
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’{.gnd the crude product which separated melted at 110°-112°,

 Recrystallization from dilute alcohol ralsed the melting
v‘ §6iﬁt to 127°-128°, Two additional recrystallizations were
‘reqnired, however, before the product was obtained in the
'fbrm of beautiful white plates melting at 134°, The main
'ftdifficulty which we encountered was the removel of a red
colored conteminant.
| This preparation has been carried out recently
" using molar quantities by Snyder, Smith and Stewart (159).
  @he yield was quite good ané thelr crude product was reported
k,toimelt at 127°-128°, It would appegr from this that a
::bétter product is obtained when the mmine is used as a 35
7Y;vpef cent Solution,
’ (2) 3-Diethylaminomethylindode. - Kéthn and Stein

1,raported that this compound was in8oluble in acetone and
B thatvit-ﬁeltad at 165°, In several attempts to prepare 1it,
hpwever, we either got an unworkable gum or, vhen the condi-
‘tions were acld, a product melting at 105°, A number of re-
'  cfystallizations only raised the melting point to 107°-108°.
This substance was also found to be fairly soluble in acetone.
No explanatianof the above results was thought of
:v  ﬁﬁtil a search through the patent literature was mede. This
* yf?$vea1ed that a patent (126) had been issued to Otto Stein
"and Heinrich Kuehn for several 3-dialkylaminomethylindole
derivatives, Among those listed was the 3-diethylaminomethyl-

"~1ndole, and surprisingly enough it weas reported to melt at
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»105°-106° Rechecking the article by Kbhn end S8tein we no-
: t1ced the slightly different spelling of Heinrich's last

naho. This suggested that the individuals to whom the patent
~was lssued and the above 1nveétigators were one and the same
~ persons.

’; At sbout this time, we repeated the preparation

of the diethyl compound, but used less than the equivalent
 émount of sodium acetate, When the product was isolated,
_ however, we were surprised to find it melted at 165° and that
 1t:possessed the properties designated by Kbhn and Stein for
“ﬁheir diethylaminomethylindole, This ruled out immediately

ﬁhé po8sibility that a typographlical error had been made in

>p§int1ng a zero instead of a six or vice versa for the melt-

1ng’point. It was necessary, therefore, to decide which of

ﬁhe above reported values were in error. Since the patent had
'spgcified the necessity of carryling out the reaction under
aéid conditions, we examined the procedure of Kthn and Stein
to see 1f such were the case. This was not found to be true,
.henée we concluded that patent discription was the correct
~ohe. Analysis of the compound melting at 107°-108° and that
'malting at-165° for nitrogen showed the percentage éomposition
,tb be 13.9 and 11.1 respectively. The calculated value for

,ffjsvd&othylaminomethylindole is 13.87 per cent.

. 7 The substance with the lower nitrogen content must

have a molecular welght of about one hundred or some integral

, mnltiple of this value, It is a well known fact that indole
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ény of the following reactions may occur. The calculated

, péi}“cent of nitrogen for the dimers from reactions 2 and 3
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kv wou1d be 11.48, whereas for the trimers from reactions 5 and
v' 6, it 1s 11,2, The nitrogen content of the ether derivable
| ffom reaction 4 is 10.15 per oenﬁ. A tetramer would require
 11.97 per cent nitrogen. From previoﬁs experlience regarding
| thé aenuracy of the particular method of analysis which was
‘ used; 1t is highly probable that one or the other of the
;tﬁimeric products 1s idéntical with the substence melting
at 165°, |
A substance has also been obtained from the reaction
of a mole of indole and one half amidle of formaldehyde which
melts at 162°-163°, The compound has not been completely
puriied as yet, hence it is not possible to say definitely
 ffhat it 1s the same as the product melting at 165°, However,
 én'the basis of appearance and the fact that a mixed melting
point occurred at 160-162° if would seem to be the same

material,

(3) §—§-Eiperidylmethylindole. - This substance has been
‘prepared in poor yields using the procedure of Kihn and -
Stein as well as by allowing the reaction to take place at
room temperature in 95 per cent alcohol., Both procedures
gave products melting at 156°-157° after one recrystalliza-
tibn. Several recrystallizations were neceséary to ralse
 ff;§hevme1ting point to 161°.
oh (4) §g§-ﬁggp§oy1meth1;1ndole. - This was prepered by

e allowing a mixture of indole, morpholine and formaldehyde

in alcohol to stand at room temperature for & week. The
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pioduct was ;btained as a sticky white precipitate by pouring
' the reaction mixture into cold water. By taking this up in
ether and diluting with ligroin while cooling in an ice-
- salt béth, it was crystallized as a granular white product
melting at 118°-122°. It still retained some sticky matéral.
The product was obtained as white crystals, melting at 123°-
124°, after a second recrystallization from ether-ligroin,
Analysis showed it to have about 13 per cent nitrogen, where-
a8 the calculated value is 12,96 per cent,
v Its pfeparation/has been reported by Otto Stein and
Heinrich Kuehn (126). This was not knwon to us at the time
:,ie first prepared the compound. These investigators report
1t melts at 124°,

Using the same ccndiﬁions which were found to be
éffective in the preparation of the morphoyl compound, we
attempted to prepare similar reaction products from diethgmol-

amine, dibutylamine, di-lsobutylamine, di-2-ethylhexylamine,
diphenylemine and 2-aminopyridine. In wvehy instance a stiéky,
varykdark colored resin resulted from which no crystalline |
hproducts could be 1lsolated.

It 1s evident from the above trials that these con-
ditions permit polymerigations to occur. To avoid this it
will be necessary to use an acld medium. The experimental
procedure devised by Snyder, Smith and Stewartr(lsg};shculd

" pe sultable for this purpose.
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~ C. Pyrimidine Syntheses.

- | In the theoretical seétion_bf this paper it was
pointed out that 4,4'-di-(4,6-dimethylpyrimydyl-2)-1,3-
:diphenozypropane might possess some antimalarial activity.
 Wé'dec1ded to synthesize it so that this could be determined.

; To do'th1s we began work towards obtaining it from the reac-

l“tion of 4,4'-dlemidino-1,3-diphenoxypropane and acetylacetone.

5 We also decided to synthesize ik from 2-(4'-hydroxyphenyl}-
- 4;6;d1methylyyr1midine and trimethylene bromide. Both pro-
v 6édureskeventua11y yielded the éxpected compound. We also
obtaihed a product from the readtion of acetylacetone with
 “Pfopam1dine which corresponds to 4-§2,3-dimethy1pyrimyd§1~2)-
'4'-N-(2-penteneoy1amid1no}-1,3-diphenoxypr0pane on the basis
éfva nitrogen analysis.

, In addition to this work we started the synthesis
of the isomeric 3,3'-di-(4,6-dimethylpyrimydyl-2)-1,3-diphen-
oxypropane. Thus far we have succeeded 1n synthesizing 2-

 '(5'-nitr0pheny1}-4,6-dimethylpyr1midine. This has been re-
duced catalytically to the corresponding 2-(3'-aminophenyl)e-
4,6-dlmethylpyrimidine and several attempts to prepare the

3vpﬁ3ndl have beén made, however, it has not, as yet, been

_édﬁpletely purified.

We also prepared‘ths mononitro derivative of
24-pheny1-4,6-dimethy1pyr1m1d1né by the method of Ochial
et al (139). A mixed melting point between this substance

and the 2-(3'-nitrophenyl)34,6-dime€hy1pyr1midins gave no
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-~ depression.

(1) 4,4'-Di-(4,6-dimethylpyrimydyl-2)-1,3-diphenoxy-

o  2rd2ane. - By refluxing together an alcohol-water solution
 of the sodium salt of 2-(4‘-hydroxyphenyl}-é,s-dimethylpyri-
  #1d;ne ahd trimethylene bromide we got a tan coloréd product
nihibh showed some softening at 180°=190° and which melted at

190”-200°.‘ Recrystallization from dilute alcohol, it melted
at 178°, A second recrystallization from hot dilute dioxane
| ‘g#Va-a finely crystalline, nearly colorless product, which
 "¢91ted‘at 183°-184°, The nitrogen analysis checked closely
' wi£h the calculated value,
| , This same compound was also obtained when 4,4'-
‘dlamidlino~1,3-diphenoxypropane was refluxed with a large
excass of acetylacetone. It was necessary to decant the
3éeivent from a rather large amount of insoluble material.
'iThe[filtrate,on cooling, yielded small crystals of the de-
sired pyrimidine, melting at 180°-182°. Recrystallized from
 dloxgne it melted at 183°-184°. It was insoluble in water,
>'ﬁaicbhol, benzene, chloroform and carbon tetrachléride, but
; éisso1§ed readily in concentrated hydrochloric acid on heat=-
ing. On coollng beautiful needles were formed, which ap- |
vpéared to sinter at 190° and decreased in volume up to the
‘melting point at 226°-227°, Analysis of the compound for
'nitrogen showed this element was presentrto the extent of
9.6 per cent, A formula which most nearly fits this value

18 CpsHgayNy0g . 4HC1,5H,0 and which contains 9.74 per cent
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i fjﬁifrogen. Without analyzing for chlorine it i1s not possible
" to éay that this is the true formula, since there may be
vyféﬁer molecules of hydrogen chloride and correspondingly more
‘:of water.

7 If the acetylaéetone mother liquor 1s diluted with
water it is possible to recover about 1.5 grams more of
4,4’-dip(4,6-dimethylpyrimydyl-2)-1,3~diphenoyxpropane,
~ melting at 178°-180°,
| The insoluble material, ﬁhidh was present to the
greatest extent, was insoluble in all the solvents tried
;with the dipyrimidine derivative, withethe exception of con-
’>dantrated hydrochloric acid. The crude material was found
to melt at 264°-265° with decomposition. Its melting point
 [wﬁ$»raised to a constant value of 271° (dec.) by boiling
“wi’ckh absolute alcohol, The substance, thus obtained, con=
tained 12.36 per cent nitrogen which is in close agreement
vi,fh the calculated valuek‘ (12.23 per cent) for 4-(2,3-di-
"ﬁpthylpyrimydyl-z)-lﬂ-N-(2-penteneoylamid1no)-l,S-diphenoxy-
,pfépane (see formula below), “S o
| Gy N oow-dzen-toey

This compound yilelded a white crystalline material

: after dissolving in concentrated hydrochloric acid and then
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recrystallizing the resulting product from absolute alcohol.
‘Thé product melted sharply at 285° and was found to possess
about 13.7 per cent nitrogen. This indicates 1t mst have
aﬁileast a molecular welght of about a hundred or an integral
k‘,;Mﬁltiple of this. Without further analytical data, no struc-

 ture can be decided upon. /

o In the light of the above, it is possible to inter-
pret some of the results which were gotten when Propamidine,
as the highly insoluble free base and melting at 193°-195°,
‘was treated with somewhat more‘than the thnoreticalfamcuntlof

| acetylacetone. A diluent such as anhydrous dioxane was used
}giﬁce no satliafactory solvent for the free base could be

~ found. On heating such a mixture in an oil bath at 140°-
'15&° and then filtering off the reaction mixture we were
able to obtain a product which melted at 257°-260° with de-
eomposition. Analysis of this showed it contéined‘approximate-
‘1§~13 peﬁ cent nitrogen. Since this value was nearer to that

’f of the dipyrimidine than to any other possible compounds,
wé‘thought it might be this substance in an impure form.

‘ This impurity we also thought must be the substance which
underwent decomposition, since the pyrimidine itself should
be relatively stable. However, because so little of this

qtggJaVailable at the time we dld not attempt its purification,.

It is evident now, that this must have been the pyrimydyl-
penteneoylamidino compound in a less pure form.

Along with the above compound, we were able to
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rébover a product melting at 180°-185° by evaporating the
', v8¢1vent used in extracting the impurities from the higher
mdlting substance. At the time, we thought this to be a
1eés pure form of Propamidine, however, it is more probable
‘that this was the desired 4,4'-31-(4,6-dimethylpyrimydyl-2)-
: l;3-aiphenoxypropane contaminated with the higher melting
 substance.
~ An unsuccessful attempt was also made to prepare
"the desired compound by Pinner's procedure (137}, but because
of the very slight solubility of Propamidine in the form of
'thevfree base 1t falled to react. |
The 4,4'-diamidine-l,3-diphenoxypropane was pre-
pared accodring to the directions of C. K. Banks of the
Parke-Davis Company. Directions somewhat different from
these have been published recently by Ashley et al (75).
| In order to prepare 2(4'-hydroxyphenyl}-4,6-dimethyl-
pyrimidine we had to prepare 4-n1trobenzon1trile'and then con-
' ‘vert it into 4-nltroethoxycarbiminobenzene hydrochloride and
: ~this in turn into the corresponding 4—nitrdbenzamidine. Re=
a@tidn of the latter substance with scetylacetone ylelded
the corresponding 2(4'-nitrophenyl}-4,6-dimethylpyrimidine.
'v” Catalytic reduction of this gave the corresponding 2(4'-
| aminophenyl)-4,6-dimethylpyrimidine which was converted into
Athé desired hydroxy compouﬁd.

(2)_ 4-Nitrocysnobenzene. - This was prepared from

’;Béﬁh 4-nitroaniline and 4-nitrobenzamidé. An unsuccessfiul
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!jfﬁﬁtgmpt was also made to obtain it from 4-nitrobromobenzene
\f dnd cuprous cyanide by following the directions of Newmen
"(166} for preparing l-cyénonaphthalene. Only a trace of the
 eyuno-compound was obtained from the dark brown reaction mixe
tnie-by extraction with boiling carbom tetrachloride. The
“insoluble material was probably 4,4'-dinitrodiphenyl, however,
this was not determined. It is quite possible that the reac-
~tion will go in the desired direction if a lower temperature
\wére used. The cuprous cyanide used was prepared according
to the method of Barber (161).
| An 81 per cent yleld of 4-nitrocyanobenzene wes
~ gotten by refluxing an aﬁhydrous benzene suspension of 4-
 nitrobenzamidé with thionyl chloride until no more hydrogen
’chloride gas was evolved. The desired nitrile crystallized
in part from solution and that remaining in solution could be
- precipitated by the addition of ligroin. No recrystalliza-
tion was neéessary since the @groduct was quite pure, melting
| at 146°-148°, This method was not used except for one pre=-
éaration since there was little 4-nitrobenzoic acid on hand
'f#om which to prepare the necessary amide.
| Practically all of the 4-nitrocyanobenzéne»used
was prepared from 4-nitroaniline by the Sandmeyer procedure
(162)(163)(164)(165). The careful procedure of Bogert et al
1(165)(164)(165) was found to give yields of about 60 per cent
”of"the theoretical amount, but required considerable time to

‘éérry out the diazotization of the 4-nitroaniline. The
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,ﬂprcédure»was improved considerably by using a more concen-
viﬁrhted solution and by caryying out the digzotization by
ﬁ éddiﬁg the theoretical amount of sodium nitrite solution all
'at bnce. The use of crushed ice internally also prevented
gﬁy?rise in temperature of the reaction mixture and made for
- béfter agitation. Less than half an hour was necessary to
jobﬁain complete diazotization of half a mole, however, we
preferred to allow an hour for this. The resulting solution
was filtered and allowed to drop slowly into a well stirred

%fﬁpreus cyanide-potassium cyanide solution. It was also

“qﬁite important for the temperature to be maintained between

> 905 and 100°C. during this addition. We also preferred to
uséithe method of steam distillation for removing the nitrile
éaiher than extract it with bolling carbon tetrachloride.

| The product as thus obtained was always quite pure, melting
ét,146°~147°, and did not require further purification.
S (5} .

-Nitroethoxycarbiminobenzene hidrochloride. -

‘This was prepared by the method of Pinner end Gradenwitz (140).
"‘Werfound it convanient to carry out the reaction in a three-

necked flask arranged with an effieient mechanlcal, mercury

Séaled stirrer, a calcium chloride drying tube and a gas

inlet tube. The 4-nitrocyanobenzene was dissolved in anhy-

drous nitrobenzene with about a half mole exeéss of anhydrous

‘aleohol and cooled in an ilce~bath., Stirring was begun and

’anhydréus hydrogen chloride allowed to pass in until the
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_:s’oiution was saturated. The flask was then tightly stoppered
':,Aﬁd‘allowed to stand for a week or better. Usually by the
'  ﬁéx£ day crystals had begun to form. These were quite pure,
,aﬁd, if desired in this form, could be removed by suction
: fiitration, washed with anhydroué ether and placed in a va-
i cﬁgm desslicator over potassium hydroxide pellets. The cry=-
stals thus obtained melt&d at 198°-200° and represented a
:"yiéld of about 56 per cent of the theoretical emount. A further
lgﬁantity of the same materilal waa retained in solution in the
'maﬁher liquor. This could be precipitated from aeiﬁtion,
’} h§Wever, by the addition of anhydrous ether. This product
1 ueually possessed a pink color and melted at 194°-197°, The
’piﬁk colofation apparently did not matter since the melting
 ,pbint range was near that of the pure product. This usually
?Qpresented about 31 per cent of the theoretical amount. It
- was usually preferable, however, to collect the entire yield
at one time by adding the ether before filtering off the
erystalline product. |
‘ , If the imino ether 1s desired ptre the anhydrous
’,rélsohol used should be dehydrated with magnesium ethylate,
,héwever, if one 1is more concerned with getting the corres-
 ponding amidine, the alcohol can be dehydrated with magnesium

 methylate.

(4) 4-Nitrobenzamidine. - This was llkewise prepared
o according to the directions of Pinner and Gradenwitz (140}).

A few modifications were made however, which are worth men-
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tioning. Instead of using an alcoholic ammonia solution of
¥nown strength and using only the theoretical quantity, we pre-
,”fef!ed to use a large excess. Since the free base 1s only
slightly soluble it tends to crystallize out of Solution as
it 1s formed under these conditions. The pure product is
then obtained pure, melting point 214°-215°, simply by fil=
'tering off the ammoniuia chloride-benzamidine mixture and treat-
1ﬁg with a little warm 6 normal sodium hydroxide. When washed
| free of the alkall and any undaeomposéd.ammonium chloride on
‘a Bfichner funnel, it may be stored in a dessicator over cal-
cium chloride or dried in sn oven at 100°, whence it is ready
for use. The substitution of.the ethoxy group 1n the imino
A"’eﬁher by the ~NHg; group occurs best by heating the reaction
’ ﬁixturé in a pressure bottle in a constant temperature water
bath at 60°-70° for six to eight hours.
(5) 2-(4'-Nitrophenyl)-4,6-dimethylpyrimidine. - In se

far as we know this particular compound has not béen_previoualy

prepared. It could not be made by reacting 4-nitrobenzamidine
 ﬁith acetylacetone using the directions of Pinner (137} due to
the insolubility of this substance. We therefore suspended

the amidine in a large excess of acetylacetone and allowed

‘the mixture to reflux together until everything had dissolved.
This usually required about ten to twelve hours. }Onuallowing
to cool the product separated as a solid crystalline mass of
léng needles. Since the mother liquor had become a very dark

red color, these crystals were contaminated with the same
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’fﬁ&ferial, however, careful washing with alcohol removed most
. of this. To completely purify the product it is necessary
7 ,tb recrystallize from 95 per cent alcohol. The product cry-
 stallizes in exceptionally long, silky, white needles, melt-
ing at 172°-173°, A nitrogen analysis agreed closely with
»Eﬁe‘calculated value,
V‘ A moderate amount of the product remains in solu-
tion in thehmothar ligmor. To recover it, the excess solvent
7f¢gn be distilled off or it can be precipitated from solution
Ey’péuring the mother liquor into water. A yleld of 69 per
' cent of the theoretical amount based on the purified product
may be obtained,
.~ (6) 2-(4'-Aminophenyl)-4,6-dimethylpyrimidine. - This

:1s.likewise e new compound. It was prepared by catalytic
‘reduction of the corresponding nitro compound using 95 per
cent alcohol as the solvent and platinum oxide catalyst.
| The hydrogen is absorbed within the space of fifteen minutes
- to a half hour if 0,2 grams of the catalyst 1s used per each
0.1'mole of the nitro derivative. Some of the amino compound
crystallizea from solution on cooling, however, it is best to
:heat'the reaction mixture on a water bath until solution oc-
curs and then filter while hot to remove the catalyst. On
cooling some of the amine séparates as white crystals, melt-
ing point 183°-165°. Dilution or eveporation of the mother
',11Quor may be used for recovering that which remains in 80 lu-

tion, This is usually found to possess a light brown color,
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however, it does not seem to interfere in the Sandmeyer
‘\reaction. The purest sample we have obtained melted at 165°,
It was analyzed for nitrogen and agreed closely with the

'calculated value.

(7) g—(g‘-deroxyphenz;)gﬁ,ﬁ-dimsthylpxrimidihe. -

"_This compound has been reported previously by Gabriel and
Golmen (138), however, they prepared it by hydrolysis of
'2{(4'amethoxyphenyl)-pyrimidine with constant boilihg hy-

’fdrébromic acid,
Sie This is the first time that it has been prepared
- from the amino compound by the Sandmeyer resasction, and serves,
therefore, as a further confirmaetion of the structure already
 iTaas1gned to the hydroxy derivative,

; The best way in which to carry out the diazotiza-
tion was to dissolve the amine in a mixture of water and
concentrated sulfuric acid. On cooling, ice was added, and

"then the required amount of sodium nitrite in a little water
was introduced all at once. Rapld stirring while keeping
céld in an lce-bath cauéed the diazonlum salt to separate
a8 & white viscous mass, Continued stirring for about ten

,minutea produced a smooth slurry. This was then added drop-
vwise to a boiling dilute sulfuric acid solution. The result-

| ing derk red solution was cooled and neutralized with sodium
hydroxide, whereupon the compound pre#ipitated from solution,
 fih§f¢rude product possessed a light tan color and melted at

170°-173°, 1t is best to glve this product a preliminary
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_ purification by bolling an alkaline solution of it with Darco

;bbe trying to recrystallize firom carbon tetrachloride or
' 7aiiute alcohol., The product thus obtained melted at 176°-
;1?85, whereas Gabriel and Colman report their product melts
at 178?-179?. After several recrystallizations from approxi-
kmately 40 per cent alcohol we got a white crystalline product
which melted #t 180°-181°, Its nitrogen analysls agrees close-
ly with the calculated walue.
. A similar procedure was used to synthesize the
iSomaricb8-&3'nitfophényl)-4,6-dimethylpyrimidlne. The
ybiﬁciple difference beling in therpreparation of the 3-
 nitrobenzonitrile.

» In addition to this synthesls we prepared the mono-
nitro derivative of Ochial et al (139) by nitrating 3-phenyl-
4f,€3-é?d1mthylpyrimidine in the cold with a fuming nitric-
éulfuric acid mixture. fhe corresponding 2-phenyl-4,6-dimethyl-
pyrimidine being obtained from benzamidine hydrochloride ac~-
cording to the directions of Pinner (137).

(8) 3=Nitrocyanobenzene., -~ Thils was prepared using the

eicellent directions of Bogert and Beéns (168), The nitratien

ié'carried out by making a solutlion of potassium nitrate in

coﬁsentrated sulfuric acld, cooling to 10° and allowing the
vﬁenzonitrile to drop in at such a rate that the temperature
does not rise above 20°, The temperature was easily maln-

';ta;ped at 15° by using an ice-salt cooling bath. The product
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},is then poured with stirring into a mixture of 1ice and water
j';dﬁd filtered. After washing free of color with dilute ammon-
i'iu& hydroxide, it may be recrystallized from 6 normal acetic
aéid; An 80 per cent yleld of long, slender, silky needles,

mélting at 117°-118° was obtained.
O (9) 3-Nitroethoxycarbiminobenzene hydrochloride., -

This compound has been previously reported by Lossen and
Neubert (141) and by Pinner (142)., Essentially the method
 6bessen and Neubert was used, otherwise this preparation
jféid nbt differ from that of the isomeric 4-nltroethoxycar-
vbiﬁinobenzene hydrochloride. The product was collected by
‘~th§ addiﬁion of anhydrous ether to the nitrobenzene reaction
,,m;xture. A sample dried in vacuo over potassium hydroxide
_ pellets melted at 137° with decomposition. The yleld was

87;per cent éf the theory.

© (10) &-Nitrobenzamidine hydrochloride. - This has also
been previoﬁély prepared by Lossen and Neubert (141) and by
'lPinher (142). The method of preparation used by us did not
différ from that used with the isomeric compound. It was
1ap1ated, however, by evaporating the solvent in vacuo. To
‘ .thb’resulting residue was added condentrated hydrochloric
acidband the stable chlorlide formed by this treatment dis-
} ;3§;veﬁ by the addition of more water and heating. After
VMﬁﬁéifﬁing with Darco it was evaporated to dryness. Re-
 érysta1lizad from 95 per cent alcohol, it ylelded finely
efystalline, colorless needles which melted at 248°-249°,
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 Tﬁe“y1e1d was 72 per cent of the theoretical based on the
 fﬁpure hydrochloride.
o (11) 2-(3'-Nitrqpheny1)-4 6-dimethylpyrimidine. - This

 substance has not been reported in so far as we have been
“able to ascertain. We have succeeded in malking it by two
diforent procedures. The first preparation was based on
the method of Pinner (137) in which the hydrochloride in a
a'SO per cent potassium carbonate solution is treated with the
: déicﬁlated amount of acetylacetone. This csauses the solution
to turn yellow and after standing overnight the tiny, yellow
leaflets, which fbrm, may be collected. The crude product
melted at 154°-156°., Recrystallized from dilute alcohol it
fmélted at 157°-158°. This gave no depression of the melting
fbointhhen,mixed with the Japanese 1nvestigatbrs compound.
| It was also found to contain thé correct amount of nitrogen
by analysis, |
The same compound was obtained in a 87 per cent
jield by suspending the 3-nitrobenzamidine hydrochloride in
| eXéess acetylacetone and then adding the calculated amount
fofﬁsodium ethylate for liberation of the free base. The mix-
_tufe was maintained under reflux until solutlon occurred.
‘biiﬁtion of the reaction mixture yilelded a crude product
~which melted at 155°-157°, Recrystallized from an alcohol=-
‘acetone mixture it melted at 156°-157°.
a*‘5~fiﬁ)afﬁhAminqphenz;)-é“6-dim@thx_gyrimidine; - This

‘>am1n0 derivative was prepared in exactly the same way a8

that used for the para-compound. Evaporation of the solvent
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: jin vacuo yielded the theoretical amount of a product melting

e 88°-90°, By dissolving in ether and allowing the solvent

;_ §° evaporate slowly we were able to get the product in the

':fform of large transparent prisms which melted at 80°-9l1°,

J The4picrate was prepared and appeared to melt at 199°, how-
~ever, this is not teo easy to distinguish because of its
_tendency to undergo shrinkage and become quite dark before
liquifying. The amino compound possessed the theoretical

4famounx of nitrogen, howevér, the picrate gave high results,
‘This may'be due to 1ts not being completely free of excess
pleric acid. The compound appears to be identical with that
_reported by Ochlal et al (139). |

(13) 2-Phenyl-4,6-dimethylpyrimidine. - This has been

' previonsly prepared by Pinner (137) from benzamidine hydro?
 dh1bride in a 30 per cent potassium carbonate solution by
_tho”addition of the calculated amount of acetylacetone and
ellowing to stand. This procedure was followed; however,
the yleld of pure product was only 32 per cent of the the-
oretical. It melted sharply at 82°-83°.
| It would probably be obtained in a more satisfac-
‘tory yleld by refluxing with acetylacetone and the calculated
amount of sodium ethylate.
The benzamidine hydrochloride used in this prepara-
’tion was obtalned from b enzamidine by the procedure of Ronzlo:

”and Ekeley (167).
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. (14) Mononitro-g-phenyl-4,6-dimethylpyrimidine. - This
 ‘¢nitration was carried out, except foi a siight change in con-
 idi£ibns, in the manner described by Ochisl et al (139). The
,chAnge mentioned was to allow stirring t take place without
 exthha1 cooling after all of the 2-phenyl-4,6-dimethypyrimi-
'dihé had been 1ntr6duced. When the temperature- rose to 15°
the 1ce-salt bath was replaced and stirring allowed to take
plaee for an hour in the cold. The crude product melted at
,82°;110° and still contained considerable unchanged phenyl=-

,1dimsthy1pyrimid1ne. Fractional crystallization from an
’acétbne-alcohol mixture ylelded a product melting at 148°-

| 15é°. A second recrystalllization from acetone alcohol caused

1% to melt at 157°-158°. |
& In a subsequent preparation the exact directions of
Gchiai was followed, but none of the mononitro compound was
’prOduced. It is apparent that the best temperature for ni-
,téation is somewhere near 15° but definitely below room

,temperature.
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V. EXPERIMENTAL

" A. Indole Compounds and Their Intermedistes.

Purification of 2-Nitrobenzoic acid. - One hundred

grams of technical 2-nitrobenzolc acid was dlssolved with re-
fluxing in 150 ml. of distilled water, ’One‘gram.of Darco
_charcoal wes added and the resulting mixture refluxed for
oné-half hour, whence 1t was filtered‘through a previously
. heated hot-water funnel and thetfiltrate,allowed to cool
"alowly over a perlod of several hours to permit crystalliza-
ﬁi@n to ocecur. The product was collected on a Blichner funnel,
wgshed thoroughly with several portions of cold water, pressed
;gs,dry as possible and the product allowed to dry for one=
v'half hour at 100°C. The product thus obtalned weighed 90.7
grams and melted at 146°-148°C.

2-Nitrobenzgyl chloride (144)(145): One hundred
grams of 2-nitrobenzoic acid (0.564 mole) and 206 ml. (326g;
'2.82 moles) of thionylchloride were refluxed together on a
:water~bath until no more hydrogen chloride gas was evolved.
‘1The excess thionyl chloride was then distilled off, first
uhdertordinary pressure and finally under reduced pressure
,(water-pump). To the dark colored viscous liquid which re-
,'méined there was added twice 1ts volume of anhydrous ether,
with swirling until a solution was obtained. The solvent
;¢§ga‘th§n removed at reduced pressure and the proeess’répeated
”'Sb aé‘ta remove the last traces of thidnyl chloride. The vis-

coué~product was taken up once again in ethery Darco added
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,3gnd‘ﬁhe resulting mixture allowed to reflux on a water-bath
’“frdf 15 minutes, whefeupon it was filtered through a fluted
”,filtér paper and the solvent removed at reduced pressure.
3The viscous reslidue was then d£8801ved in as small an amount
of ether possible and the acid chloride caused to crystallize
by the slow addition of petroleum ether while cooling in an
1ce-salt mixture and while stirring and scratching ihe walls
Offﬁhé beaker. As soon as crystals began to make their ap-
péarance, the addition of ligroin was discontinued until
" the cryatals had a chance to form. Ligroin was then added
rapidly with stirring until no more crystals were deposilted.
f.These crystals were collected on a cold Blchner funnel and
’yashed several times with small portions of cold ligroin.
The crystals were then qulckly transferred to a vacuum
deSSicator containing paraffin wax and anhydrous calcium
chloride and then stored in a refrigerator. The product
thus obtained weighed 95 grams (97 per cent of the theoretical
“amount)_of 1ight orange colored needles, melting at 22°-25°,
re:rdmami's -(146) product melted at 20° and that of Mavrojannis
(147) at 24°-25°,
| N-Nitrosomethylurea (148)(149):

a. Preparation from methylamine _ydrochloride,

 2§%&381um cyanate and sodium nitrite. - In 600 ml. of warm

:iwater contained in a 1.5-1. round-bottomed flask are dis-
';801ved 100 g. (1.48 moles) of methylamine hydrochloride and
150 g. (1.85 moles) of C. P. granular potassium cyanate. The
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,séiﬁtion is boiled gently for ten minutes and then vigorously
~ for five mimtes. The hot solution is filtered and added to
vva §qut1on of 100 g. (1.38 moles) of 95 per cent sodium nitrite
 1§ 200 ml. of water. The whole is coé&ed to ~5° and poured
'fiﬁto,a mixture of 600 g. of ice and 100 g. of concentrated

~;*éﬁ1fur1c acld contained in a 3-1. beaker. The beaker is sur-
 ‘founded by an ice-sslt mixture and the methylurea solution

'added at such a rate that the temperature does not rise above
,‘O?. ‘The addition requires about 45 minutes.
| The nitrosometﬁ&lurea separates as a crystalline,
'foamy‘precipitate which 1s filtered at once with sﬁction

’énd well pressed on the fililter., The crystals are stirred to
  a:paste with cold water (about 30 ml.), sucked as dry as
 Hp9ssible, and dried in a vacuum desiccator to constant weight.

Yield 120-140 g. 84-98 per cent of theoretical amount.

b. Preparation from methylamine hydrochloride,

: urea and sodium nitrite. -~ One ﬁnndred grams (1.5 moles)

qf methylamine hydrochloride and 300 grams (3 moles) of urea
i~w§ﬁe dissolved in 400 mi. of water and gently refluxed for
: twb and three-quarters hours, and then more vigorously for
‘fonbaquarter hour. To thls there was then added 110 g. (1.06
»ﬂwvmpias) of sodlum nitrite. The resulting solution was then
x;?fdaoled to ~10°, It was then allowed to run in, beneath the
»Surface, of a well cooled mixture containing 110 g.-of con=-
 centrated sulfuric acid and 600 g. of crushed ice, At the
end of this addition the product is transferred to a BlHchner
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;funnsl and sucked as dry as possible. The product 1ia then
"washed with 30 ml. of lce-cold water., Keep the product in
'a vacuum dessicator in the refrigerator.

2-Nitrophenylaﬁetamide (88) (157) ¢

a. Attempted preparation by the method of

,Arndt and Eistert (88), = A mixture of 500 ml., of ether and

75 ml, of 45 per cent aqueous potassium hydroxide was cooled
%o 5°. To this mixture there was added, with continuocus cool-
1ﬁg‘and effecient stirring, 35 g. (0.473 mole) of finely pow-

: dafad N-nitrosomethylurea in small portlons as rapidly as the
crystals dissolve (this requires a few minutes). The deep
} yel1ow etheral scolution of dlazomethgne can be separated from
hb aqueous layer by decantation or by means of a separatory
_‘fuﬁnéﬁ. The solution, which contains approximately 9.6 g. (0.1
,moié) of'diazomethane, was driéd for several hours (2 hr.) over
“ﬁéilets of pure potassium hydroxide,
To this solution in a leter three-necked flassk ar-
'ffahged with a condenser, a dropping funnel and a mechanical
,stirrer there was added in a dropwise manner 18.6 g. (6.1 mole)
—of 2~nitrobenieylchlor1de dissolved in about 10-20 ml. of an=-
‘hydrdus ether while the'temperature is maintained at 0°-5°,
}Aféer‘the addition stirring is continuedvat thls temperature
t;??ﬁk?ﬁne-half hour, and then at room temperature for one
Wféé:%ﬁa hours. ggggg-Diaz0-24n1troacatophen0ne was formed
wibhytha evolution of gas, and was 1mmediately preciplitated,
fin’part, incerystalline form. It was then cooled vigorously
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 f§ﬁb ether was decanted off and the crystals were tibrated
 rwith small amounts of cold ether.
These crystals were then dissolved in 150 ml., of
95 per cent alcohol at 50°-60° with stirring. An equal vol-
 ume of 2-normal ammonium hydroxide was added to decompose
”ﬁh@'§1azoketone. To this reaction mixture there was then
1'resulting mixture was maintained at a temperature of 70°
‘:uhfil the evolution of ges had ceased (about 1~1/2 hrs.).
The'product was filtered through a sintered glass funnel
ﬁith suction while still hot in order to remove the oxides
df“éilver. The dark red colored solution was then cooled
"iin”an'ice-salt mixture and diluted with cold ﬁatef. A light
: tén colored product precipitated out of solution. This was
collected on a sintered glass funnel and washed well with
water and sucked as dry as possible. The yield of crude
materiel after drying overnight was 6 g., melting point 71°=-
’}‘725, the product appeared to boil in the cepillary tube at
“about 110°, |
- Extraction of a portlon of this with dilute alksll,
*! fiitering and then acldifying gave a small amount of material
 melting ﬁith decomposition at 100°=108°, Relssert and Scherk
”5(150) reported that 2-nltrophenylacetic acid melted at 100°- |
11¢° with decomposition. The insoluble residue on recrystal-
‘lization from 95 per cent alcohol melted at 69°-%0°, Relssert

1ahd:Scherk report the ethylester of 2-nitrophenylacetic acid
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melts at 69°,

b. Preparation by the modified procedure of Burger

'“ éndevak1an. (151), - The omega-diazo-2-nitroacetophencne

jwﬁé’prepared in exactly the same way as descrlbed above.
v;The_etheral solution was cooled.vigprously, the ether de-
canted and the crystals triturated with Q small amount of
ﬁcaid ether., The dlazoketone was dlssolved in 100 ml, of
 &ioxane with slight warming and stirring on a water-bath
 &$ 60~70°. To this solution there was then added, in a
;:drépwise manner, 150 ml, of concentrated ammonium hydroxide
:*félibwed by 30 ml. of 10 per cent silver nitrate solutlon.
}This reaction mixture was then allowed to reflux until the
¥ 3§61ut1on of gas had ceased (L-2hrs.). The reaction mix=-
”tﬁre was filtered through & sintered glass funnel, while
hot, in order that the silver oxides were removed. The
_filtrate was cooled vigorously until crysﬁallization begaﬁ
‘to occur and then diluted with water to cause complete pre=-
 cip1tation. The product was allowed to settle and was then
i délleeted on a sintered glass funnel, It was washed several
.,?ﬁiﬂss with small amounts of water, sucked as dry as possible,
‘»’and transferred to a watch glass, After drying overnight
| é.¢rude yiel& of 8 g. (44 perzcent of the theoretical amount)
\_gféfia,product ﬁmalting point lSQ-lSO%fwés obﬁained;- Re=-
  §ry§ﬁai11zétion from 95 per cent alcohol caused 1t to melt
 at 160-181°. This agrees with that reported by Arndt and
l Eiétert (88).
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2-Nitrobenzylcyanide (86):

a. Dehydration gglgrnitrqphenylacetémide with

thionyl choride. - Twenty grams (0.1l mole) of 2-

aﬁifrophenylacetgmide was refluxed for 20 minutes with 13 ml.
vdf‘thionyl chloride on a water-bath in the absehce of mois=-
ture. Fifty milliliters of anhydrous benzene 1s then added
and the whole allowed to reflux for 5 hours. The amorphous
residue was filtered off, steam distilled, and the residue
dissolved in 20 ml. of alcohol. On cooling the 2-nitro-
,benzylcyanide came down a8 needles which melted at 84°,
The purified product melted at 85-86° after recrystalliza-
.Ttién from 95 per cent alcohol. The yleld of purified pro-
Zdﬁct was 13.3 g. (75 per cent of the theoretical amount).
i b. Dehydration of gfnitrophenylacetamide wlth

; thsphorus‘pentox1de. - Five and four~tenths grams (0.03
mole}!of 2-nitrophenylacetamide and 11.4 g. (0.08 mole) of
.phdéphorus pentoxide were heated together in a vacuum at
ya/tgmperature of 215-220° by means of an oll-bath, By play=-
 ihg the flame of the burner arqund the neck of the flask
it wasApossible to drive over the 2-nitrobenzylcyanide.
A‘pressure within the flask was 8 mm. Reerystallization
v vof5th1s product from 95 pér cent alecohol ylelded 1.5 g.
*iksggper cent of the theoretical amount), melting at 85-86°.
| | 2-Aminobenzylcyanide (86): A suspension of 16'g.

,(0;2 mole) of 2-nitrobenzylcyanide in 200 ml. of 95 per

- cent alcohol was cooled and a solution contalning 20 g.
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_Offfinkdissolved in 90 ml, of concentrated hydrochloric
\;fgégd was added with stirring and in small portions to the
  J§S6§e'8uspension. This mixture was then warmed for a time
, aﬁ 30° until a‘test portion no longer gave rise to violet
~coior‘of 2-nitrobenzylcyanide on the addition of a sodium
ﬂhjﬁroxlde solution., About 50 ml. of the solution was dis-
tiiied off in a vaouﬁm, whence on cooling, there was 1lso- -
k~léted a preciplitated tin double salt. This was dissolved
| in 280 ml. of cold water. The filtrate of the well cooled
sélﬁtion was then gradually decomposed by warming cautiously
with 41 ml. of 56 per cent sodium hydroxide solution. The
bzéﬁminobenzylcyahide preclipltated at almost a quantitative
yiéld wlthin a short time as colorless, crystalline needles,
’>v "In an attempt to recrystallize this from alcohol
v 1trwas changed over into an insoluble blue product.

3-Iodoindole (91): Eight grams (0107 mole) of

'1ndole was dissolved with mechanical stirring in 12 1. of
warm water previously heated to 70-80°. To the resulting
"01ear solution there was then added 13 g. of potassium hy-

7 dr¢x1de. There was then added to this slightly alkaline
solution an approximately one-tenth normal solution of
 :16dine in potassium iodide solution, while stirring mechan-
D1ji9911Y: until the solution had assumed a slightly yellowish
%Eiﬁge., This was due to the presence of a slight excess of
lodine. The 3-lodoindole was filtered and washed well with

water and sucked as dry as possible, The product melted at
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  :75§75°. The yield was 9 g. (100 per cent of the theoretical
amount.)
o The product 1s not stable én too 1ong exposure to
k the,air. If 1t 1s allowed to stand in the air it is changed
 into a black sticky product whichsamells strongly of free
lodine.

3-aiminoindole.(90): Thirty grams of absolute
. ethyl alcohol and 2.4 g. of clean sodlum were allowed to
 réact. To the resulting opalescent solutlon was then added
10 g. of indole end 10 g. of iso-amyl nitrite. The solution
” ’thén changed from colorless to dark red on the addition of
”'ﬁﬁe amy1'nitr1te. The resulting mixture was placed in the
ﬂ£§frigerator.
fb After standing two days, there was added to the
 cold reaction mixture 200 ml. of distilled water and the
  fesu1t1ng solution was extracted seweral times with ether
to remove the iso=-amyl alcohol, To the resulting aqueous
 1éyer there was added, without heating, and while stirring
' m§§han1cal1y, a strongly alkaline solution of sodium hydro-
sulfite (50 g. of sodium hydrosulfite plus 100 ml. of 6N
sodium hydroxide plus 200 ml., of water). No change of color
6¢curred even after all the sulfite solution had been added.
: It was then heated on the water-bath., Ths‘color was not
dlscharged.
£ Since the above treatment had falled the hydrosulfite

was then added in powdered form to the reaction mixture. After
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‘Eéqvery large excess (approximatély 10 tines the designated
r ﬁmount) had been added the reaction mixturé became pale
_'jeliow in color. This was not discharged on further addi-
“fioﬁ br sodium hydrosulfite. The reaction mixture was then
chilled in an ice-bath., Pale yellowish to silvery white
needles camé down along with considerable quantities of
sodium sulfite, This mixture was refluxed with Darco and
‘fiitered hot. The pale yellow filtrate was placed in the
"reffigefator to aid crystallization. Only a small trafe
;éfupale yellow plates was obtained. On rapid he&ting they
kmeiféd with decomposition at 115°., They probably represent
 the desired product in a slightly impure form. They were
not further investigated because of the small quantity which

was obtained.

; éﬁﬂitrophagxlgydrazine (1585) ¢ Thirteen and eight-
tenth grams ko;i;mole) of 4~nitroaniline was mixed with 29 g.
(25 ml.; 0.3 mole) of concentrated hydrochloric acid (sp. gr.
1.19) and then diluted with 42 ml. of water, To this mixture
was ﬁhen added 126 g. of finely crushed ice. There was then

~added, all at once, 7.0 g. (0.1 mole) of sodium nitrite dis-
solﬁéd in 20 ml. of water and the resulting mixture stirred
by hand for about ten minutes, whereupon a clear solution

resulted. This was filtered and allowed to run in, beneath
the surface, of a sodium sulfite slurry made by partlally
dissolving 53 g. (0.42 mole) of anhydrous sodium sulfite in
125 mlt;of water containing 5.5 g. (1.37 mole) of sodium
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‘hydroxide and cooled in an ice-salt bath. The mixture was
’1,s£irred mechanically during the addition, which should re-
 qﬁire about seven minutes. After keeping for a further period
of seven minutes, the dafk red solution was acldified with 98
*'ml.:(l.lg mole) of concentrated hydrochloric acid (sp. gr.
‘1;19)‘and then heated in a water-bath at 55° for four minutes.
This mixture was then allowed to stand’overnight at room
témperature. The orange colored precipitate was collected -
’en a‘Bﬂchner funnel, sucked as dry as pbssible and then di-
1gestéd with 28 ml. (0.33 mble) of concentrated hydrochloric
acid (sp. gr. 1.19) in a 150-ml., beaker on the steam-bath
’for ten minutes. The product dissolved at filrst and then
’  ﬁﬁec1p1tated again on continued heating. The dark colored
, :ed mass was cooled, filtered with suction and redissolved
in 50 ml. of hot water. A small amount of an insoluble brown
u‘prcduct was removed by filtration and to the flltrate was
added 25 ml, of a cold solution of sodium acétate (150 go of
sodium acetate trihydrate in 100 ml, water)., The free base
séparated immedlately, was cooled, filtered with suctlon,
’wééhed well with water and allowed to dry at about 50°, The
ohénge colored product weighed 10.3 g. (67 per cent of the
*theoretical amount) , and melted sharply with decomposition
vﬁt 158°, It crystallized as light brown platelets from

~aqueous alcohol.

4-Nitrophenylhydrazone of methylethyl ketone (106):
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Six grems (0.044 mole) of 4-nitrophenylhydrazine was diddolved
1n two liters of.ice-cold 6N acetic acid (680'ml. of gléeial
: aéetic acid and 1320 ml. of water). To this there was added,
~slewiy from a dropping funnel, 3.2 g. (0.044 mole; 4,0 ml.)
of methylethyl ketone diluted with about 30 ml. of 45 per
cent alcohol. Vigorous stirring waes maintained throughout .
| the dropwise addition of this solution to the hydrazine.
Stirring was then continued for about twenty minutes after the
:hydrazone precipitated. The yellow crystalline hydrazohe was
collected on a Bflchner funnel and washed well with water.

The filtrate was used agaln as the solvent in a
séCond preparation. From this and the previous run, there was
.ébtéined 11.5 g. (72 per cent of the theoretical amount) of a
product melting at 121-123°, One recrystallization of some

“of‘ihis material from dilute alcohol gave glistening, tiny,
. bronze colored needles which had a meliing point 126=~127°.
B Two moré additional runs were carried through using
~the same mother liquor. The combined yleld was 14.0 g. (86
.péf,cent of the theoretical amount) of a product melting at
114-122°, One recrystallization from dilute alcohol caused
it to melt at 125°C.
S5-Nitro-2,3-dimethylindolé (106): Sixteen grams

(0,077 mole) of the finely powdered 4-nitrophenylhydrazone
of methylethyl ketone was covered with 160 ml. of concentrated
nydrochloric acid and the mixture refluxed for one hour on a

fvigaroualy boiling water bath. On cooling we obtained 8.8 g.
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~ (80 per cent of the theoretical amount) of 5-nitro-2,3-
| dimethylindole which melted at 182-184° . Recrystallization
of & small sample from dilute acetic acid ylelded tiny, brown
crystals, melting polnt 186°. | ’
i 2-Nitrophenylhydrazine (155)(156)(158)(152):
a., Reduction of diazotlzed Z2-nitroaniline with

stannous chlortde (155). - Ten grams (0.072 mole) of 2-
‘ﬁitroaniline wés dissolved in 100 tl. of concentrated hy-
’ dfochloric acid by bolling. On cooling the hydrochloride
precipitated from solution., This solution of the hydrochloride
'was'diazotized below 0° with 6 g. (0.072 mole) of sodium nitrite
}‘&i;sblved in 30 ml. of water. The hyirochloride dissolved
and a brown colored solution resulted. To this diazo solu®
tion there was added, slowly, and below the surface, 40 mi.
‘éfjétannous chloride solution (made from 32 g. stannous chlor=-
ide and 32 g. of concentrated hydrochloric acid). Throughout
thé addition the temperature was malntained below 0°,
;,Eacﬁ‘drop of stannous chloride brings fourth a yellow preci-
| pitate. At the end of the reduction, the thick, dark yellow
paSte was separated from the mother liquor with suction fil-
tﬁation, washed with a small amount of ice~cold water and
' pfessed as dry as possible., After allowing to dry overnight,
'{tha tin double salt weighed 17.6 g. |
~ Tnis salt was dissolved in 100 ml. of distilled water
Ey'boiling. About 0.5 g. of a taerry product falled to dissolve,.

‘hence it was filtered, leaving a clear orange colored solutinn.
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The;tin double salt was decomposed by saturating the solu-
\"fion four times with hydrogen sulfide gas. The precipitated

tin sulfide was removed most readily by centriguging. When

Kali of the tin had been removed, the solution containing the

E—hitrophenylhydrazine was treated with excess sodium acetate,

The'free base was collected and found to melt at 83-85°,
"Yiéld 3.5 g. (42 per cent of the theoretical). When recrystal-

lized from benzene it melted at 90°,

b. Reduction of diazotlzed 2-nltroaniline with

potassium sulfite. (156). - Fifty grams (0.37 mole) of 2-

ihiﬁroaniline was stirred with 125 ml. of concentrated hydro-
chlorid acld until the formation of the hydrochloride salt
 was complete. It was then cooled to -10° and dlazotized with
30 g. (0.41 mole) of soddum nitrite in 50 ml. of water, filtered
gnd neutralized with alkall to slight turbidity (epproximately
‘lsyml. of a cold saturated potassium hydréxide solution). This
' solution was then addsd to a sulfite solution prepared by dis-
‘;soiving 50 g. (1.09 molé) pf potassium hydroxide in 250 ml. of
water, saturating with sulfur dloxide, adding 90 g. (0.25
mole) of anhydrous potassium carbonate and coolling to 0°,
: The temperature must not exceed 5°. The soltulon was then
stirred for one hour, acldified with concentrated hydrochloric
 acid and allowed to stand overnight.
The pobassium sulfite additlion product was decomposed
"7by refluxing for approximately three hours with 600 ml. of con-

centrated hydrochloric acid, The reaction mixture was allowed
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to cool and the residue collected. This was dissolved in
the least volume of boiling water possible and neutralized
iﬁwturn with sodium carbonate and\sodmum acetate, The im-
pure hydrazine was collected on a BHichner funnel and washed
'with water to remove inorganic salts. Similar treatment of
: tha‘mother liquor gave a further quantity of the hydrazine.
The combined products were recrystallized from benzene. The
yleld of the pure hydrazine was 22.7 g. (43 per cent of the
kthéoretical amount). It melted at 92-93°,

¢. Reductlion of diazotlized 2-nitroaniline with am-

pontum sulfite (158)(152). = Fifty milliliters of concen=-

' trated ammonlum hydroxide (sp. gr. 0.880) and 50 g. of crushed
‘1ce was cooled in an lce-salt mixture and saturated with sul-
fur dloxide. The excess sulfurous acid was neutralized with
éoncentrated ammonium hydroxide.

Diazotization. - Fourteen grams (0,1 mole) of 2~

ﬁitroaniline wﬁs pasted with 28 ml., of water and 7.5 g. (0.107
kmole) off sodium nitrite to a smooth slurry and then poured
'~6hto a mixture containing 30 g. of ice and 29 g. (0.3 mole) of

concentrated hydrochloric acid (sp. gr. 1.19). The resulting

miiture was stirred by hand and filtered after ten minutes to

‘remove any unchanged amine ss well as impurities.

Sulfite addition reaction. = In the meantime 60 ml.

of the above saturated ammonium sulfite solution was takén
and to it was added 10 ml. of concentrated ammonium hydroxide.

The resulting mixture was cooled in an ice-salt bath, thus
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cauéing the ammonium sulfite to separate in the form of a
this slurry. A separatory funnel was then arrénged so that

the tip extended beneath the surface of ths’alkaline ammonium

sulfite mixture. The dlazotized 2-nltroanlline was allowed

‘to run in at a uﬁiform rate. The resulting orange oolored -

 xa1ﬁtion was stirred for an hour in the freezing mixture and

’,then made strongly acid by the addition of concentrated hy-

~drochloric acid. The reaction mixture was set aside for a

“day, whence the orange precipitate was collected on a Blich-

; néf funnel and pressed as dry as possible, This cake was
then transferred to a 2560-ml. beaker and mixed with 20 ml.
of concentrated hydrochlofic acid and digested on the steam

~bath until hydrolysis was complete. The thick paste formed

~on cooling was filtered with suction, redissolved in water
ﬁnd the free base liberated by the addition of 50 ml, of a
saturated sodium acetate solution. The free base was pre-
ciplteted as a red, semi-crystalline mass which was filtered

:wﬁthfSuction, washed thoroughly with water and allowed to

_alr dry. The crude hydrazine thus obtained melted at 86587°

, and.weighed 11 g. (72 per cent of the theoretical amount),
'A sample recrystallized from benzene was found to melt at
90-91°,

2-Nitrophenylhydrazone of methylethyl ketone (106):

‘ Three grems (0.02 mole) of 2-nitrophenylhydrazine was dis-
- solved in 1 1. of ice-cold 6N acetic acld (340 ml. glacial
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~acetic acid and 660 ml. ®ater). To this there was added
‘slowly from a dropping funnel 1.6 g (0.02 mole) of methyl-
’ethyl ketone., Vigorous stirring was malntalned throughout
the addition. When all of the ketone had been added a perilod

of fiftaen minutes elapsed before any change was noticed. At

the end of this time an orange colored precipitate begén to
form throughout the liquid. Stirring was continued during
this time and then continued for ten minutes more before the
hydrazone was collected on a Buchﬁer funnel. The resulting
teﬁange powder, on drying, weighed 3.5 g. (85.4 per cent of
thé theoretical amount) melted at 85-70°, Recrystallized
from dilute acetic acid 1t melted at 73°. Increased ylelds

' }are obtalned by using the mother liquor over again.

7-Nitro-2,3-dimethylindole (106): Twenty-four grams

(0.32 mole) of 2-nitrophenylhydrazone of methylethyl ketone
was covered with 240 ml. of concentrated hydrochlorié acid
| (sp. gr. 1.19) and refluxed for one hour on a vigorously boil-
ing water-bath. From the chilled reaction mixture there was
oﬁtained 6 g. of nearly pure 7-nitro-2,3=dimethylindole,
‘melting point 158-160° (dec.).
- Dilution of the filtrate with water caused the
,»preoipitation of 5 g. of the unchanged 5ydraz¢ne. This was
returned to the flask and refluxed omce again with 50 ml. of
_concentrated hydrochloric aclid oven an asbestos covered wire
’ganse for one hour. The chiiled reaction mixture yilelded 1.5
g. of the impure nitro-indole, melting at 140-145° (dec.).
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Further dilution of the mother liquor falled to cause any
'  uh£hanged hydrazone to preclpitate., From these two separate
 '%rdns—a total yleld of 7.5 g. (33 per cent of the theoretical

amount) .

’ The mother liquor from which the 6 g. of nearly
'pure product was obtained was diluted and allowed to stand
overnight. From this diluted solution we obtained reddish
colored needles which melted with decomposition at 208°,

' This compound was analyzed for nitrogen by an adapta-
' tidn of Winkler's modification of the Kjeldahl method (168)
‘ﬁb'a seml-micro scale.
| One~-tenth gram of the nitro-compound to be analyzed
fwﬁs wrepped in a fillter paper and placed in a 50-ml. round=-

’Edttem, long-neck flask., To this was added 0.06 g. of copper

Sulfate (CusSO,+5H,0) as a catalyst, 0.4-0.6 g. of zinc dust

‘a8 a reducing agent, 2.0 g. of potessium sulfate to raise

the boiling point of the mixture, and 6 ml. of concentratéd

sulfuric acid. The flask was heated over a free flame,
| jcaﬁfiously at first, and finally boiled vigorously until all
,f:éoloration due to the organic matter disappeared. The contents
‘ ?wer¢ allowed to cool and then transferred to the distilling

flask and diluted with 25 ml. of distilled water. A solution
éf'io g. of sodium hydroxide in 20 ml, of distilled water was
vcgrefully added to the flask so as to form a layer below the

surface of the acld. After careful mixing steam wasppassed
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in’to drive over the liberated ammonla. Thls was absorbed in
10 ml, of a 2 per cent boric acid solution containing 10-15
 drops of the mixed indicator (169) made by mixing 10 ml. of
a2 0.1 per cent alcoholic bromocresol greén solution with 2
ml. of a 0.1 per cent alcoholic methyl red solution. Direct
titration of the ammonia was carrled out using approximately
0.05 normal hydrochloric acid to the disappearance of the
- blue coler and the appearance of the greenish yellow color,
 '@ha percentage nitrogén was calculated directly; using the
fékiowing equatlion:

% Nitrogen = —HCL * VHCL * °N/1000 ° 1%
w
Where NHCl = Normality of hydrochloric acld
vHGl = Volume of hydrodhloric acid used in ml.
eﬁ/lOOO = Milllequhvalent weight of nitrogen

(0.014).

w = Weight of sample in grams.

I : II
 Weight of Sample: 0.1055 g. 0.1063 g.
Volume of 0.04668 N HCl used: 20,71 ml. 20.79 ml,

Oaled. for GygH) 0Ny *HCL: Ny 12.39%
Found: N, 12.82% | 12.78%

7-Amino-2,3-dimethylindole: Five and seven-tenths

'"ggrams (0,029 mole) of 7-nitro-2,3-dimethylindole, melting

f;gbint 158-160°, was partially dissolved in 150 ml. of warm

95 per cent alcohol by heating on the water bath, and then
treated with 50 ml. of ZN sodlum hgdroxide. The colored al=-

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



- 110

_ecohol solution yields a precipiate on the addition of the
‘i\élkali. Four hundred milliliters of water was then added.
Tovthis mechamically stirred mixture there was added portion-
wise 36.6 g. (0.174 mole) of sodium hydrosulfite (Na25204-2H20).
After spproximately four hours of heating, a nearly cleer,
"dérk brown solution had resnited. The hot reactlon mixture
was filtered with suction and allowed to stand ovefnight.
AAt‘the end of this time a tiny amount of a finely crystalline
~ pfoduct had separated. It was collecbed in a Gooch crucible
-and the mother liquor returned to the flask, Since it was
;till quite dark, 1t was submected to reheating and the addi-
tibn of more sodium hydrosulfite (18.3 g). The dark colored
ysblﬁtion then became much lighter in color. This was boiled
with Darco and filtered hot. The resultiﬁg pale yellow fil-
trate gave no precipltate on cooling. It was therefore,
~concentrated in vacuo until sbout 135 ml. of solvent had been
removed. Vigorous cooling of this mixture ylelded about 1.1
g. of a dirty grey precipitate which melted at 125-127°.

: This substance was found to be extremely soluble
in alcohol, and was not readily preclpltated even on diluting
;gréatly with water. It was obtained as a white, finely cry-
sﬁalline product by recrystalllizing from a benzene-ligroln
‘mixture and found to melt at 129-130°. Tt is sensitive to

}7éir oxldatlion, turning black after a few days, even when

‘kept in a thghtly stoppered bottle,
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I IT
~ ‘Welght of Sample:  0.1333 g. 0.1052 g.
Volume of 0.04668 N HCL used: 38.50 ml. 28.04 ml.
Caled. for CyoHypNp: N, 17.5%
| . Found: W, 7.2 % 17.42 %

Attempted preparation of 2-nltro-&-methoxyphenyl-

hxdrazine (L111):
a. Reduction of diaszotized 5-nitro-4-anisidine

~with stannous chloride (11l). - Fifty grams (0.3 mole) of

’ i3~n1tro-4-an1s1d1ne, 125 ml. of concentrated hydrochloriec
acid and 125 ml. of water were heated together until solution
occurred, The dark red solution was then dlazotized below
0°C. with 22 g. (0.31 mole) of sodium nitrite dissolved in

50 ml. of water. This cold dlazo-solution was then added
very slowly; with végorous stirring to a cold soltﬁion, 0%~
5°, of stannous chloride (175 g. stannous chloride and 175 ml.
of concentrated hydrochloric acid). On the addition of the

‘diazo-solution to the stannous chloride mixture, a tarry
product began to form, Addition was dlscontinued until the
temperatuee had dropped below 0°C. Once more the addition

| was begun, but very cautiously so thet tha temperature did

bbnpt rise above 0°C., The tarry product, however, continued
to form along with the yellow ﬁ&@énuianhmpraefpitabéibﬁﬁ&he

tin double salt. Since the tarry product tended to clump

,‘ftegather it was possibls to 1ift 1t out of the reaction medium¢

;,;@@@ngyrecipitation of the tin double salt was completed it was
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collected on a Buchner funnel, washed with a little ¢
,vwater end then allowed to dry. The yield of the impu

112

old

re

product smelled strongly of hydrogen chloride and had a thin

‘coating of tar on its surface. The product was purif

- dlssolving in water, refluxing with Darco and filtere

ied by
d hot.

A”clear red filtrate was thus obtained., The addition of exe

cess sodium acetate caused a precipitate £o form. Since the

_pracipitatad product contained inorganic material (ignition

residue) it was extracted with alcohol and the dissol

ved

kipfoduct precipitated by the addition of water. In this way

‘8 g. of a red colored product was obtained which melt

i02§103°. Recrystallized from dllute aleohoi, it yle
beautiful red needles, melting at 108-109°. Further
- lization falled to raise the mdlting point any higher

I
Weight of sample: 0.1236 g. 0,1
Volume of 0.0493 N HCL used: 29.4 ml. 24.6
Caled, for
d@p

NEN , 16.87%

LOCH
N
\,ocﬂ
m#nu_j:w N, 16.77%
wal i N: L.

N, 16.09%

ed at
lded
recrystal-
IT
033 g.

ml.
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I IT
Found: N, 16.38% 16.44%
b. Reduction of diazotized 3-nltro-4-anisidine with

 potass1um sulfite. - Sixty grams (0.326 mole) of 3-nitro=-

4-anisidine was stirred with 125 ml. of concentrated hydrochlorie
aeid until the formation of the hydrochloride salt was complete,
,thén cooled to ~10° by means of an ice-salt bath, and dlazo-
'tized with 30 g. (0.43 mole) of sodium nitrite in 50 ml. of
,wﬁter, filtered and neutrallized with a saturated potassium4
_ hydroxide solution, until slightly turbid. This solution
was added to a sulfite solution prepared by dissolving 50 g.
>v of pOtassium hydroxide in 250 ml. of water, saturating with
sulfur dloxide, adding 90 g. of'anhydrous‘potéssium carbonate
,,and'céoling to 0°C.; the temperature of the reaction mixture
not being permitted to rise abowe 0°, The pasty mass which
formed was then stirred for one hour, filtered with suction
~and air dried. The mother liquor was cautiously acidified
énd,allowed to stand.
| The residue obtained from the mother liquor was
dissolved in a minimum of hot water, neutralized with sodium
' kdarbonate and finally with sodium acetate. A tar formed on
»thé»surfacb of the liqudd during the neutralizatlon process,
’1consequent1y, Darco was added and the resulting mixture bolled
for’a few minutes longer before filtering. A pink grénular
;préduct separated from solution., It exhibited only partial
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fﬁglting at 117-120° since it was found to contain lnorganic
 material by ashing.

- The pasty reaction product, after alr drylng, was
sdded in portions to a mixture containing 200 ml. of concen-
frabed hydrochloric acid and 200 ml. of water. Thls was
théh heated on a steam=bath for approximately five minutes.
écnsiderable tarry material formed on the surface of the

; liquid. This was skimmed off as the solutlion cooled, A
- product then separated on cooling. This was coliected on
a Buéhner funnel, dissolved in the minlmum amount of hot water
'and neutralized with sodium carbonate and sodium acetate and
Dareo was added to free the product from tar. Filltration of
’ '}this hot mixture and cooling of the filtrate gave 3 grams of
a red granular product, mélting at 123-127°, This was found
 to be slightly more pure product than that melting at 117-
120°, |
Because of the closeness of this melting polnt to
- that reported for the Z2-nitro-4-methoxyphenylhydrazine, we
- decided to try to make the phenylhydrazine of methylethyl
~ketone.
To do this we made up a mixture containing 12 ml,
[of concentrated sulfuric acid and 100 ml. of alcohol and poured
it over the above product, After effervescence had ceased,
we added 2.4 ml. of methylethyl ketone and after stending
*fbrvseveral minutes, the reaction mixture was diluted

with water, whereupon we obtained micro-crystalline,
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pinkvneedles which melted at 172-173° (dec.). Recrystallized
71,from dilute alcohol they melted at 172-174° (dec.). Analysis
vifShowed this to be different from the expected hydrazine.
‘ I
| Wﬁight of substance: 0.1050 g.
" Volume of 0.04668 N HOl used: 14.61 ml.
Caled. for GrHgOgNz: N, 23.0%
Found : N, 9.09 % |
¢. Reduction of diazotized 3~-nitro-4-snididine with

. sodium sulfite. - To 168 g. of lce (126 g.) and water (42 g.)

éeﬁtained in a 2-1. beaker fitted with a mechanical stirrer,
3 tﬁermometer and a dropplng funnel, there was added Z2-nitro-4-
,génisidine (16.8 g.; 0.1 mole) and hydrochloric acid as a 51'
per cent solution (19.4 ml. of concentrated hydrochloric acid
and 3.8 ml, water). Thils was agitated and caused to cool to
~5°C., whence the sodium nitrite, as a 30 per cent solution
(6.9 g. sodium nitrite and 16 g. of water) was added slowly.
Thé temperature was maintained at -5° until diazotization
7waé completed. The excess mineral acid was neutrallized to
.:litmus with sodium carbonate (7 g.) and the temperature was
vmaiﬁtained at =5° during this operation. The sodium sulfite
was used as crystals and the temperatupe was kept below 0°
~until the coupling reaction was cqmpletéd, as shown by a
‘négative test for free dlazo wlth alkaline beta-naphthol
soiution. The sodium bisulfite as a 30~35° solution was

added (12.1 g. sodium bisulfite and 28 g. water) and heated
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;31¢w1y (hot plate) to 90-95°¢. This temperature was maintained
’5 nh£11 reduction wes completed. The hydrochloric acid was 31
1§ér'cent (25.7 ml. hydrochloric acld and 5 ml. of water) was
~added to the above solution at 90°, slowly, until most of
 tha su1fur dioxide has evolved., (Becareful of foaming).
The remainder of the acld is added fast at 90°C. for 30
miﬁhtes.
No odor of sulfur dloxide was detected, therefore
the mixture must have been sufficiently alkaline, No change
'in'the appearance of the resction mixture was noted and it
still gave the P -naphthol reaction. The mixture was then
neated slowly to 90-95°, When the temperature had risen
1£6,about 40°, whence a test portion no longer gaveraseolor
‘reaction, hence the bilsulfite addition feaction.must occur
somewhere near this temperature. This still dark red colored
mixture was then maintained at 90-95° for an hour. Darco was
added to remove & slight amount of tarry material. To the
filtrate at 90-95° was then added slowly the hydrochloric
"aéid in order fo convert the hydrazine sulfonate into the
~hydrazine hydrochloride. The evolution of sulfur dloxide
appéared to be lelminated quite slowly, so the resulting re-
ééﬁibn mixture was heated with stirring until half the original
 vo1ume had evaporated. It was then removed from the hot plate
in gﬂder to filter off a reddish brown product., When dry it
' ﬁ§ighed 2.0 g. and showed partial melting with deccmposition

at 115°, A small sample was asked and showed the presence of
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;iﬁbrganic material, This could be due to the presence of

i Bédiﬁm bisulfite or the preéence of unchﬁnged hydrazine sulfon-

 iafé;' A sample portion was then digested with concentrated
hydrochloric acid. Dilution of the resulting dark red solu-

"tibn caused the separation of an orange colored product which
 mel£ed with decomposition at 122-125° (the hydrazine reported
by Robinson and Tomlinson, melted 127°).

o The above 9i0 g. of material was finely powdered and
o pleced in a Sohxlet and extracted with 95 per cent alcohol.

'Efaporation of the solvent and bolling of the sticky residue

‘ﬁifh water and Darco and filtering hot caused the separation

‘of\a red product from the filtrate., It melted at 119-122°

1vv(dbd.). Dissolving this in alcohol and purifying yilelded

~ pink colored needles, melting at 168-170° (dec.).

‘ A mixed melting point between this and the product
‘obtained from the potassium bisulfite reaction melted with
deébmposition at 170-171°, It is quite probable, therefore,
that the products from these two reactions are identical;
Since this is the lower melting compound it 1s probably

less pure. Nitrogen would appear to confirm this.

| I 1T

' Welght of sample: 0.1071 g. 0.1030 g.

| Volume of 0.04668 N HCL: 13,90 ml. 13,35 ml.
Founds N, 8.48 % 8.47 %
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d. Reduction g£ diazotized gfnitrofg-anisidine with

 ammonium sulfite. = Fifty milliliters of concentrated am-
' m6ﬁ1um hydroxide and 50 grams of finely crushed lce was
cooled in an ice-salt mixture and saturated with sulfur diox-
fids. It was neutralized with concentrated ammonium hydroxide.
Seventeen grams (0.1 mole) of 3-nitro-~4-anisidine
was pasted with 28 ml. of water and 7.5 g. (0.107 mole) of
sodium nitrite to a smooth slurry and then poured onto 30
| ”é{ bf ice and 29 g. (0.3 mole) of concentrated hydrochloric
aéid (sp. gr. 1.19). The resulting mixture was stirred and
filtered after ten minutes.
" v Sixty milliliters of the previously prepared ammon-
iﬁm sulfite solutlon was taken and to it was added 10 ml.of
,GOnéentrated ammonium hydroxide. This mixture was cooled in
; énlice-salt bath which caused the ammonlum sulfite to separate
1@fthé form of a thin slurry. To this mlxture there was then
added the above diazo-solution. This was carried outyby hav-
ing the end of the separatory funnel dlpping beneath the sur-
f&cs of the ammonium sulfite slurry. The rate of addition
ﬁhﬁd bo be slow enough to prevent bar formation. The resulting
‘Qrange colored slurry was stirred for an hour in the cold.
The precipitate was then collected on & Buchner funnel and
~ transferred to a 250-ml. beaker. The addition of 20 ml. of
}Wvbdneentrated hydrochloric acid caused vigorous effervescence

’and,tar formation, In spite of this, the mixbture was subjected
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ﬁb"a’ten minute heating period in a water-bath at 55°, On

cooling in an lce-salt mixture it guickly set to an orange

colored paste, This was filtered and dissolved with heating

in 50 ml. of water and the insoluble tar filtered off. On
cdéiing the red colored filtrate and adding excess of cold

Sodium acetate we were able to obtain a small amount of

brilliant, red colored plates which melted at about 120-125°,
8ince these are the only plates ever obtained by any of the

procedures, they may well be the desired hydrazine.
N-(

=Diethylaminopropyl)~2-nltroaniline:

This

¢6mpound was also obtalned from 2-nlitrochloro-benzene as
well as from the iodo-derivative, however, the method of syn-

thesis was the same in either case.

the chloro-compound.

For convenience and be=-
céuse more of the preparations were made with the lodo-deriva-
tive we include directions for its synthesis, but not that of

a,

From 2-nitroiodobenzene., =

A mixture of 50 g.
(0.2 mole) of 2-nitrolodobenzene, 26 g. (0.2 mole) of

-di=
ethylaminopropylamine and 32 g. of anhydrous pyridine were
heated together in an oil~bath at 100°-120° for six hours.

The mixture was’then concentrated to a viscous reddish brown
Semi-crystalline mass by aspirating dry alr through the
reasction mixture while it was being heated on a water-bath.

Excess ammonium hydroxide was then added to liberate the free

'émine‘which formed a dmrk red oll. This was then extracted

with,ether and washed by shaking with dilute alkali and then
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| with water. The dark red etheral solution was treatdd with

5 vdfy,hydrogen chloride gas. Thls treatment causes the amlne
hydrochloride to separate as a quickly solidifying, viscous,
red oll., As thus obtained it is an orange-red solid. The
&thgg was decanted and the orange residue taken up in the
 1éaét volume of absolute alcohol and r efluxed for ten to
fifteen‘minutes with Darco and then filtered hot, On cool=
ing, ether was added until insiplent precipitation, where-
}upon'it was stored 15 the refrigerator overnight. 1In this
waymit was possible to obtaineorange needles which were
}Still conteaminated with a dark red sticky product, melting
at 165-170°, The yleld of the crude product was 14 g.
4(24;5 per cent of the theoretical amount).

To obtaina pure pfoduct 1t was usually necessary
tb’decompose the hydrochloride with concentrated ammonium
hydroxide, extract the oll with ether, and dry over anhydrous
soﬁiﬁm sulfate. The hydrochloride was then precipitated by

| ~ passing in dry hydrogen chloride gas and then recrystallized
‘by dissolving in the least volume of absolute alcohol possi-
bié and allowiﬁg slow crystallization to take place in the
réfrigerator or in an ice=-salt mixture., It was generally,
'maré preferable, to reflux with Darco before allowing crystal-
~1ization totake place., This procedure used one or more times
'gi#es’mioro-crystalline, orange colored needles melting at

183-184°,
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‘, I Ir . III
© Welght of Sample: 0.0982 g. 0.0999 g. ' 0.1032 g.
 Volume of 0.0493 N HCL |
used: 20,48 ml., 20,60 ml. 21.00 ml.

Calcd. for §. H0pNaHC1: N, 14.6%

Found s 14.39%  14.23% | 14.05%
kB. "Manhich Reactlon Products of Indole.

3~Dimethylaminomethylindole {Gramine) (125) (159):

 Four and one-tenth grams (0.05 mole) of dimethylamine hy-
droéhloride, 4.1 g. (0.05 mole) of anhydrous sodlum acetadte
‘were dissolved in 16 ml. of water and 7 g. of glaclal acetic
~adid. This solution was dooled to 5° and to it was added
5:8 g, (about 4.0 ml,) of 47 per cent formalin previously
5 6écled to 5°, The resulting cold mixture (Cae 3°C.) was poured
over 5,8 g. (0.05 mole) of indols contained in a,léo-ml. Er=-
ilénmeyer flask., The flask was stoppered and shaken vigorous-
"1y until a clear solution was obtained (ca. 10 min.).
'.;The temperature rose to 34°, The reaction mixture was then
‘allowed to stand at room temperature for ten hours. It was
‘ thén poured slowly and with wtirring into 50 ml. of water
‘VGOntaining 5.2 g. of sodium hfidroxide. This was then allowed
to stand in an ice-bath for two hours, whenca it was filtered
and washed well with water. The white product thus obtalned
;ﬁmélted at 110-112°, When dry it weighed 7.3 g. (84 per cent
,} §f the,thenretiea1 amount) . Drying’at 50°, however, caused
 ££§wprodﬁct to be covered with a reddish substance, This |

was removed in part by dissolving in alcohol and cautiously
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preéipitating with water. The product as thus obtained was
-hOt entirely freed of the reddish contaminant, however, it
npﬁ melted at 127-129°, Recrystallized several times from
hot acetone, after cleaning with Darco, ylelded lustrous
white scales melting at 134°.
k 3-Diethylaminomethylindole (125) (126):

a. Polymerization product from indole, diethylamine

 and formaldehyde. - Five and five~tenths grams (01@5 mole)

of diethylamine hydrochloride and 4.0 g. (0.028 mole) of sodium
acetate trihydrate were dissslved in 20 ml. of water. To this
solution was then added 4.0 g. (1.5 g., 0.05 mole of HgCO) of
an approximately 37 per cent formalin solution, This mixture
was poured over 5.9 g. (0.05 mole) of indole., On allowing
to stand, with occasional shaking, the indole dissolved and
in 1ts place there formed a clear yellow oll., Thils change
took place in about ten to fifteen minutes. The reaction
mixture was allowed to stand at room temperature for about
 thirty minutes, whence 1t was placed in the refrigerator une
t11 the oill solidified (ca. 20 hrs.). At the end of this
~ tiﬁe‘the mother liquor was decanted and discarded. The solid
,waé taken up in 30 ml. of acetone and made to crystallize by
the carelul addition of ligroin-while stirring in an ice-bath.
. The white product formed sti}l retained a sticky sontaminant
and weighed 5.0 g., melting point 138-155°, A second treat-
¢ ment yielded 4.2 g. of = product melting at 144-150° One

~/ raarysta1l1zat1on from dioxane caused 1t to melt at 165-166°
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- which agrees with that reported by Kuhn and Stein., The yleld

\_ was'3.8 g. of pure product,

I 11
Welght of Sample: 0.1058 g.= 0.1333 g.
Volume of 0.04668 N HCL: 17.80 ml. 22.80 ml.
Cglcd. for CogHoqNat N, 11.20%
Found: N, 11.00 % 11.18 4

b. Polymerizatlion product from indole and formalde-

 §1§3; - In a 50-ml. Erlenmeyer flask was placed 5.8 g. (0.05
mole) of indole and 5 ml. of 95 per cent aleohol. After ehil-
kling in an ice-bath there was added 1.9 g. (0.025 mole) of
céld 40 per cent formelin., The flack was stoppered and shaken
ﬁ:until a clear yellow solution resulted. This was then allowed
'ﬁo-stand at room temperature for several weeks, The solid
reaction product which had separated was washed by decantation
sevéral times with alcohol., So far it has been made to melt
kfét‘162-163° by recrystallization fromacetone. A mixed mélt-
 ing.point with the pfeviously described polymer, melting
point 165°, gave a melting pohnt of 160-162°, From this one
,~méy conclude that the substances are identical, however, we
‘v°nhcu1d like to get an analysls before deciding definitely.
E I oI
 Welght of Sample:
 Volume of 0.04868 N HCL used:
Calcd. for

Pound:
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¢c. Reaction product from indole, dietgglamine and

fcrmaldehzde in acetic acid (126). - Four grams (0.055 mole)

of dlethylamine was dissolved in 4.0 g. of water to give a
, Souper cent aqueous solution and then cooled to 5°, This
‘ séiution‘was_then added to 7.2 g. (ca. 8 ml.; 0,12 mole} of
| glacial acetic acid. This was then cooled to 5° and 4.0 g.
(ca. 3.6 ml.; (0.05 mole) of HoCO) of approximatelyysv per
cent formalin was added. The resulting mixture was agitated
mildly and poured slowly and with shaking into a flask con-
taining 5.9 ge. (0,05 mole) of indole. The flask was then
~ shaken occaslionally until the indole dlssolved., By the time
this had occurred the temperature had risen to 38°, This
-'dlear, pale y&llow, solubtlion was allowed to stand at room
femparature“for twenty~-four hours, At the end of this time
1t was added slowly and with stirring to a cold solution of
S”g. (0.12 mole) of sodium hydroxide in 30 ml, of water.
Thexesulting mixture was allowed to stand for an hour in an
“lce~bath. It was then filtered with suctlion, pressed dry and
’, ﬁashed several times with three 10 ml. portions of water. When
dry the product wéighed 9.3 g. (92 per cent of the theoretical)
i and metled at 93-105°, Repeated recrystallizations fromace-
~ tone ylelded 2.0 g. of a constant melting product, melting
poeint 107-108°.
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‘ I IT
. Weight of Sample: 0.1057 g. ).1115 g.
~ Volume of 0.04668 N HCL: 22,50 ml. 23.83 ml.
,‘qued. for 015316N2: N, 13.87%
Found : N, 13.91 % 13.97 %

3-N-Morphoylmethylindole (126): Eleven and Seven-

téhths grams (0.1 mole) of indole was dissolved in 30 ml. of
: absOlute alcohol. To thls was added, in turn, and with stir-
4Tring 9.6 g (0.11 mole) of morpholine and 3.0 g. (0.1 mole)
‘ ‘of formaldehyde (7.3 g. of 40% formalin). The flask was
| atappered and allowed to stand at room temperature for a
 waek. The still clear reaction mixture was then poured with
'}sfirring into about 500 ml, of water, whence a white sticky
, p§0duct precipltated. This was washed by decantatlion several
 times with ligroin, and then taken up in as small s volume of
’ethAr’possible. The etheral solution was cooled in an ice=-
’kééit bath, whence a granular white product came down. This
‘;was filtered with suction and washed several times with 1li-
'groin. In this condition it melted at 118-122° and weilghed
13. g. (75.8 per cent of the theoretical amount). In this
chdition it still retained a sticky contaminant, however,
on reflux with ligroin this may be removed. One recrystalliza-
'jtion from ether-ligroin with chilling in an ice-bath yleld
¢white crystals melting at 123-124°, The amount of pure pro=-

{fduct was 8 grams.
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I TI
Weight of -Sample: 0.1039 g. - 0.0856 g,
Volume of 0.04668 N HC1 used: 20.61 ml. '17.01 ml.
Cale. for C,.H;gN,: N, 12.96%
Found : N, 12.99% 12.98%

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



127

Ce  Pyrimldine Syntheses.
i 4,41-Di-(4,6-dime thylpyrimydyl-2)-1,3-dipehnoxy-

. propane:

| a. From 2-(4'-Hydroxyphenyl)-4,6-dimethylpyrimidine, -
, Six grams (0.03 mole) of 2-(4'~hydroxyphenyl)-4,6~-dimethyl-
pyrimidine was dissolved in 25 ml. of water containing 1.2 g.
(0.03 mole) of sodium hydroxide with slight heating. To the
ruby red solution which resulted, there was added 3.0 g. (0.
;C15~mole) of trimethylene bromide dissolved in 20 ml., of 95
| 'bef cent alcohol. This mixture was then allowed to reflux
for fourty-eight hours. After about twelve hﬁurs heating the
”séiution had become amber colored and no further change was
"6bserved except the increase in the amount of 1nsoiuble reac-
tlon product. A portion of the solvent was removed in vacuo
and the insoluble residue taken up in 6 normal hydrochloric
écid. The resulting mixture was boiled with Darco, filtered
andkallowed to crystallize, A tan product weighing 1.5 g.
yrand melting at 190-200° was obtained. This dissolved readily
1n;hot alcohol, Dilution of the alcoholic solution yielded
a light tan product, melting point 178°., 8Since the product
Was’no longer soluble in alcohol it 1s apparent that 1t dis-
‘SOiVéd as the chloride, but was hydrolyzed by the hot aqueous
‘alcohol to the free base which is not soluble in alcohol. Tt
dissolved readily in dioxane and erystallized in the form of
’white micro-crystals, melting at 183-184°, The amount of

~ pure product thus obtained was only 0.4 g.
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I II
~ Welght of Substence: 0.1056 g. 0.1089 g.
 Volume of 0304668 N HC1l used: 20.70 ml. 21.30 ml.
~Cgled, for 027H2802N4 s N, 12, 78%
' Found: N, 12.80 % 12.77 %

b. From 4-4'-Diamidino-l,3-diphenoxypropane. -

yniﬁe and four tenth grams (0.03 mole) of 4,4'-diamidino-1l,3~
'diphsnoxypropane was suspended in 50 ml. of acetylacetone and
refluxed together for approximately seventy hours., The hot
réaction mixture was filtered to remove the insoluble reac=-
‘tidh product. The filtrate on cooling depésited tiny crystals,
l’meiting at 180-182°, They welghed about 5 g. A sample re~-
”i'ﬁrYSballized from dioxane melted at 183-184° and gave no de-~
‘fpféésion of the melting point with the compound prepared by
| féacfing,2-(4'-hydroxyphenyl)-4,G-dimethylpyrimidine in the
rbrm of its sodium salt with trimethylene bromide. The yield
of this produect was about 45.4 per cent of the theoretical

emount.

¢. 4-(2-phenyl-4,6-dimethylpyrimydyl)=-4'-(N~

penteneoylamidino)~l,3-diphenoxypropane. = The insoluble pro-
duét‘from the above reaction was obtained in greatest quan-
‘vpfify. This substancé melted at 264-265° with decomposition.
’51nce it was insoluble in the usuai organic solvents we boiled
1t wlth absolute alcohol to remove any soluble impurities.
This treatment gave a white product which melted sharply at
271° with decomposition. A loss fo 1.1 g. occurred by this
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‘method of purification. The final yleld of the pure product

was 416 g. (34 per cent of the theoretical amount).

I IT
Weight of Substance: 0.1057 g. ~ 0.1008 g.
 Volume of 0.04668 N HCl used: 12.90 ml, 19.15 ml.

Caled for 02733003N4: N, 12.23%
Found: N, 12,30 % 12.42 %

A hydrochloride of 4,4'-Di-(4,6-dimethylpyrimydyl-
2)~155-d1phenoxypropane is obtalined by dissoclving the free
base in concentrated hydrochlorlc acld. The hydrochlorlde
erystallizes out of solution in the form of long, silky

- white needles which melt at 226-227° and begin to sinter at

190°.

e I I1
- Welght of Substance: 0.1101 g. 0.1030 g.
 Volume of 0.04668 N HCl used: 16.22 ml. 15,10 ml.

Calcd. for ConpHonNy00.4HCl.5Hg0: N, 9.74%
Found: N, 9.63% 9.58%
| The pyrimydyl-penteneoylamidino compound also
dissolves readlly in hot concentrated hydrochloric.acidl
It arystallized on cooling as tiny white filt-like needies which
affér recrystallization from alcohol were found to melt at
283°. Some deep seated change rmust take place by this treat-
“' @9”¢» since an analysis for nitrogen gives too little informa=-

,’tiém as to the possible structure of the hydrochloride. A
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ehioride analysis would be helpful in deciding this, however,

 thié has not been carried out, as yet.

I : 11
. Weight of Substance: 0.1077 ge. 0.1035 g.
 Volume of 0.04668 N HCl used: 22.61 ml. 21.80 ml.
Calcd, for
Found: N, 13.72 % 13.77 %

From the above analytical data it is evident that
 the molecular weight ts at least 100 or some integral multi-
ple of this,

4,4'-Diamidino~l,3~diphenoxypropane: This was.

prepared according to the directions of C. K. Banks of the
 Parke=Davis Company.

4-Nitrocyanobenzene (162)(163)(164)(165);:

a. Preparation of cuprous cyenide (161). - Copper

sulfate (commercial crystalline; 1 kg.) was dissolved in
. water (3.2 1.) at 40-50°, Sodium bisulfite (commmrcial pow=-
‘der; £80 g.) was dissolved in water (800 ml.,) at 50-60° and
7 po§ass1um cyanide (95 per cent) "grey single salt'; (280 g.)
in water (800 ml.) at 50-60°, Each solution was filtered and,
’all being at 60°, the bisulfite solution was run with stirring
 dﬁring 1 to 2 minutes into the copper solution (acidified
~faintly to Congo-red), followed 1mmediaté1y'by'the cyanide
sclution. There is slight frothing and a little sulfur di-
, Qxiéé was evloved, but no appreciable amounﬁ of cyanogen or

hydrogen cyanide. After about 10 minutes, the hot sulution
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i ﬁaéffiltered, and the product washed thoroughly with bolling
Qi{ﬁ@ter, then with alcohol. It was dried at 100° to a fine
mpowder; yield, salmost quantitative.

b. _Attempted preparation from 4-nitrobromobenzene. -

'In a dry flask fitted with a ground-in condenser and protected
ff&m'moisture were placed 21.2 g. (0.1 mole) of 4-nitrobromo-
‘Vbenzene, 11.7 g. (0.13 mole) of cuprous cyanide, and 10 ml.
of pyridine (dried over Ba0). The mixture was heated at 195-
';2006 for fifteen hours. On cooling the reaction mixture set
- to a hard black mass. This was shaken vigorously several
. times with dilute ammonia to dissolve out the copper salt.
'\This treatment was only effective on the surface, since it
v,kéduld not penetrate the inside of the solid., It was then re-
fiﬁxed with carbon tetrachloride.in an attempt to dissolve
>aét any of the cyanonitro compound. Eveporation of the sol-
‘ﬁaﬁt ylelded only a trace of the 4-nitrocyancbensens, melting
point 14B-147°,

c. Preparation from 4-nitrobenzamidé. - Sixteen and

;,fﬁix‘tenth grams (0.1 mole) of 4-nitrobenzamide (mleting point
‘201-202°) was placed in round-bottom flask along with 13 ml.
 (0;18vmo1e) of thionyl chloride (sp; gr. ca. 1.638) and heated
‘on a water-bath for thirty minutes. Fifty milliliters of an-
~hydrous benzene was then added and heating continued for five

" hours. The top of the condenser was closed with a calcium

*77§£10r1de drying tube and the flask and a condenser were connected

’b§?m§ans of a ground glass joint. The water-bath was replaced
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by an asbestos centered wire gause and heatlng continued.
“In:éll about 12 hours heating over an asbestoes centered
wiﬁe gause was required Pefore the reaction appeared to be
~ended. The contents of the flask wére allowed to cool to
’b§om temperature. This caused the crystallization of the
~ _product in solution. The contents of the flask were then
i~transferred to a beaker and diluted with ligroin., The pre-
cipitate was collected on a Buchner funnel and washed free
""of benzene and any unreacted thionyl chloride with ligroin.
The product when dry welghed 12 g. and melted 146-148°C.
‘The yleld amounts to 81 per cent of the theoretical amount

‘, based on the amount of amlide taken.

d. @®reparation from 4-nitroaniline., - Sixty~-nine

grams (0.5 mole) of technical 4-nitroaniline was finely
,pcidered and then mixedrto a ﬁniform paste with 87.5 ml. of
concentrated hydrochloric acid (sp. gr. 1.187). Thiswas
~_then poured intb a 2-gal, crock and diluted, all at once
‘with 210 ml. of water while stirring. To the finely divided
aﬁspénsion of 4=-nitroaniline was then added 630 g. of crushed
lce. The temperature soon drops %o -3° to =5° ¢. To this
wéll égitated mixture was then added all at onee 34.5 g.
(0.5 mole) of U.8.P., sodium nitrite dissolved in 86 ml. of
 water.' Stirring was then continued for approximately an
houf. The nearly clear, pale yellow dlazo solution was fil-
, £§r§d,witk suction to remove any unreacted 4-nitroanilineé

' f(é§iy trace) end other contaminants to which may be present.
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  Whi1e the dlazotization 1s in progress the potassium copper

v véyanide solution may be prepared. To do this 125 g. ( mols)
 bf crystallized copper sulfate is1p1aced iIn & 5-liter, round-
‘ bottom flask, possessing a falrly long neck, along with 750
 m1;1of water. Then while stirring mechanically, the mixture
‘48 heated until a temperature of 90-100° is attained. To this
hot solution was then added 140 g. (0.205 mole) of 95 per
‘cent potassium cyanide dissolved in sufficient water (ca. 250~
300 ml. Hg0). This must of course be carried out in a hood
to take care of the cyanogen which is evalved. When the
mixture has attailned a temperature of 90-1009, the diazonlum
solution 1s allowed to run in slowly. When this had all been
’gdded, heating and stirring was continued for several minutes.
 Thb reaction mixture was then allowed to cool.
| The flask containing the reaction product was ar-
'fanged for steam distillation., After 5 liters of distillate
plus product had been collected, distillation was discontiﬁued
and the contents of the steam flask was decanted until only
half of the original volume was present. This was then resubjected
'jto a vigorous current of steam and another 5 liters of dis~
ktillate was colledted. The residue in the flask was discarded

’1aﬁd?the remaining portion distilled as 1in the previous cases.

' ,Thnsain all, there was obtalned approximately 15 liters of

'éisﬁillate. On cooling to room temperature, the 4-nitro=-
,‘cyanobenzene was collected on a Buchner funnel and washed

~th¢roughly with water. It was then dried in an oven. The

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



134

product thus obtalned was quite pure; it melted sharply be~
tween 147-148°C. and weighed 44.5 g. (60 per cent of the

7theoretical amount).

4-Nitroethoxycarbiminobenzene hydrochloride (140):
Fourteen and eight tenth grams (0.1 mole) of 4-nitrocyano-
benzene, 6.9 g. (0.15 mole) of 10 ml, of anhydrous alcohol
~and 250 ml. of dry benzene was placed in a three-necked |

,‘flaskiarranged wlth a Herschberg, mercury sealed, stirrer,
‘a gas inlet tube and a caleium chloride drying tube. The
urGSulting clear yellow solution was cooled to 0=-5° in an
ice-bath and dry hydpogen chloride gas pasﬂed“in until the
liquid was saturated., The flask was then tightly stoppered
 and allowed to stand at room temperature for a week, The
fbpalebyellow, rather dense needles could be filtered if de-
8ired in a pure form, however, we preferred to collect all
of the imine ether hydrochloride at one time, by precipitating
that which remains in solutlon by the addition of anhydrous
,eﬁher. This was then collected on a Buchner funnel and washed
freé'cf benzene with more &ther. This product wes then
‘sbored in a vacuum dessicator over potassium hydroxide pel-
lets until desired. This treatment effectively removes ex=-
 ;669§ hydrogen chloride. The product is generally obtained in
5:_aufa1r1y pure form and need not be further purified for further
v ?usa; The yleld was 19,7 g. (87 per cent of the theoretical
ameunt) of a product melting at 194-197°, If desired
‘,1f may be recyrstallized from absolute alcohol to glve faisly
dense, pale yellow needles with slow cooling or tiny, white
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naedles with more rapdd cooling. The product so obtained
usually melted at 198-200°,
When larger runs were carried out, we prefered
_ to use nitrobenzene as the solvent instead of benzene as
;Hdéécribed abowe., The crude product 1s frequently pale pink
ih ¢olor, however, this need not be recrystallized before
use. The contaminat also has little effect on thé melting
- point. This pink color also faded out on storage in the
vacuum dessicator.

4-Nitrobenzamidine (140): Eleven and five tenth

~ grems (0,05 mole) of the 4~-nitrobenziminoethgr hydrochloride
: and 75 ml. of an approximately 10 per cent anhydrous ammoni-
7;¢a1 alcohol solution were placed together in a pressure bot-
tle and well skaken., This was then heated continﬁously for
  from six to eight hours in a constant 1eve1 wéter-bath.main-
tained at a temperature of 60-70°. An insoluble, yellow,
miCro-crystalline product separates along with considerable
‘gquantities of ammonium chloride. At the end of the heating
périoé, the contents of the flask are allowed to cool, the
’:pressure}bottle is opened (caution) and the product.collected
~on a Buchner fumnel. The product, containing ammonium chior-
}5166 and some of the amldine hydrochloride is transferred to
\'f & besker and warmed slightly with approximately 6N sodium
 _,hydrochlor1de. It is then filtered with suction and washed

‘_ vreughly with water, pressed dry, and stored ina dessicator

 @var calcium chloride untll desired or 1t may safel¥ be dried
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~at 100° in an oven for one half hour. The yleld was 8.8 g.
}{(éﬁjpef cent of the theoretlical amount) of a pure product
melting at 215°,
2=(4'~Nitrophenyl)-4,6-dimethylpyrimidine: Four-

teen and six tenth grams (0,09 mole) of 4-nitrobenzamidine
was refluxed with 100 ml, of acetylacetone until a clear,
'red‘solution was produced. This required about twelve hours.
‘The product may then be obtained by pouring the reaction mix-
~:tureyinto water or, preferably, it may be distilléd and the
excess solvent collected., This can be used in subsequéht
prepérations, if free from water. The product thus obtained
.poééesses a brown to tan color, but compares glosely favorably
vwith the meltihg point of the pure product. I may, however,
be obtained as long, silky, nearly colorless needles by re-
‘_crystallizing from 95 per cent alcohol. It 1s necessary
to reflux for about fifteen minutes with Darco to remove
coléred impuritiés. The needles thus obtained melted at
172-173° and wéighed 14. g. (69 per cent of the theoretical

.ambunt).
I II
 Welght of Sample: ' 0.1092 g. 0.1036 g.
volﬁme of 0.04668 N HCl used: . 30.59 ml. 29.17 ml.
Cale. for CygH;Nz0p: N, 18.34%
; Found: N, 18.31 % 18,40 %

2-(4'~-Aminophenyl)~4,6-dimethylpyrimidine: Ele ven

 “énéifive tenth grams (0.05 mole) of 2«(4'-nitrophenyl)-4,6-
diméﬁhylpyrimidine'was suspended in 100 ml. of 95 per cent
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alcohol and 0.1 g. of Adam's platinum oxide catalyst added.
‘;fihévbotfle was evacuated and the product reduced by shaking
}in an atmosphere of hydrogen until no further absorption of
gas occurs. A pale yellow solution, containing some of the
v\w51te, crystalline amine is thus obtained. To separate it
 from the oxide catalyst 1t 1s best to dissolve this precipi-
tate by heating the reaction mixture in a water bath until
solution occurs. This is filtered hot and the filtrate allowed
 t6 cool, whefeupon a white, granular product, melting at 163-
165° is obtained. It weighed 5,6 g. Evaporatlion of the
_mother liguor to dryness on the steam cone ylelded 4.3 g. of
the amiﬁe, melting at 160~162°, &f the form of a light brown
powder. The total yleld 1s almost equal to the théoretical
| émcuht. The best sample of the amine we were able to obtain

melted at 165°,

= I 11
Weight of Sample: 0.1032 g. 0.0802 g.
. Volume of 0.04668 N HCl used: 33.16 ml, 26,04 ml.
Calc, for GFhFz: N, 21.10%
| Found: Wi 21.0 % 21.21 %

2-(4'-Hydroxyphenyl)-4,6~-dimethylpyrimidine: Ten

‘ gﬁams (0.05 mole) of 2-(4'-aminophenyl)~4,6~-dimethylpyrimidine
was dissdlved in a cold mixture of dilute sulfuric acid (15
mi; water and 11 ml. of concentrated sulfuric acid.). To the
resulting red colored solutlion was then added 27 g. of crushed

lce, and while stirring by hand there was added, all at once,
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3.5 g. (0,05 mole) of sodium nitrite dissolved in 8 ml. of
’water. Some fumes were evolved, mut if stirring is vigorous
ﬁhére s not much loss. The beaker containing the nitrite

‘was rinsed with about 1 ml., of water and then added to the

  féé¢t1on mixture. Within the space of a few minutes the dlazo-

 ‘ﬁium salt begins to come out of solution as a white preclpi-
-tate and soon forms a heavy paste. Continued stirring for
'~,gbout 10 minutes renders this somewhat more fluid. This
WAé then added dropwise, from a 10 ml. pipette possessing a
wide tip, to a boiling (165°) mixture~§ontaining 25-ml. of water

'vand'SS ml. of concentrated sulfuric acidé. The diazomium
salt was decomposed as rapidly as 1t came in contact wilth
”thévboiling solution and gives a deep red colored solution.

; N§ ﬁar formation occurred. The beaker containing the diazo-
nium salt was rinsed carefully with oold water into the
bdiling acld so that none was lost. Héatihg was continued
fdr é few minutes, Thé hot solutlon was then poured out into

@ Hter beaker and cooled in én ice~bath. When cold, -there ,
ﬁas‘added to 1it, 500 g. of crushed l1ce and then with stirring
a previously cooled solution containing 63 g. (1.58 mole) of

sodium hydroxide dissolved in 500 ml. of water. A precipi-
tate forms after a time, but dissolves again Bo give a clear

f f§ed'so1ution. The resulting alkaline was then neutralized by
> the dropwise addition of 6N sulfurlc scld. This caused the
v?fbdnct to séparate in the form of a somewhat gelatinous pre-

cipitate which 1s best collected by filtering through a large

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



139

Bﬁchher funnel. The resulting past was then suspended in
~water and refiltered, repeating the process until the filtrate
vnollonger tested for macid. The wet cake was transferred to

a wateh-glass and dried in an oven at 100°, The dried crude
: pﬁé&uct welghed 9.5 g. (95 per cent of the theoretical amount)
’and melted at 168-172°C. By dissolving this indilute sulfur-

E ic'acid and bolling with Darco, it may be reobtained as above,
- The product was colorless, weilghed 8.0 g. and melted at 170-

,172°. Coleman and Gabriel report it melted at 178-179°.
"Several recrystallizations from dilute 40 per cent alcohol
‘ fina11y yielded a snow-white, micro-crystalline product,
melting at 180-181°.

I IT
Weight of Compound: 0.1003 g. 0.1050 gl
Volume of 0.04668 N HClL used: 21.64 ml, 22.57 ml.
Found: N, 14.10 % 14.05%

3=-Hitrocyanobenzene (166): To 110 g. (1.09 moles)

‘Qf:pnlverized potagslium nitrate, was added 300 ml. of con-~

v~céntrated sulfuric acid and the mass well mlxed and cooled
to*10°. To this mixture was then added, drop by drop, and
with constant stirring, 100 g. (0.98 mole) of benzonitrile.

' During the addition of the nitrile the temperature must be

: watchéd carefully as it is essential that 1t should not rise
above 20°. In order to méintain this condition an ice-salt

bath was used. After a time the acid pobassium sulfate began
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_to separate, forming a thick pasty mass which tends to retard
'fsﬁirring. The ﬁemperature must be watched at this stage since
it tends to rise above 20°. The aeddition of the benzonitrile
. ggquired two and a half hours. The mixture was then allowed

_to stand in the cold with stirrfng for an hour longer to
insure a complete reaction. The thick, pasty mass wes then
'add;d graduallj, while stirring mechanically to approximastely
k“zfliters of water cont#ining 1ce. On coming in contact with
 tﬁévwater'the product solidified into a pale yellow ﬁaes
.ﬁhiﬁh was broken up into smaller particlesm by vigorous stire
ring. It wes filtered with suction and washed six times with
~dilute ammonium hydroxide to remove a yellow colored material.
It wa® then recrystallized from 6N acetic acid, The product
. thua obtained melted at 117-118%, and weighed 130g. (80 per
"cént of the theoretical amount}.

3-Nitrocarbiminobenzene hydrochloride (141): This

was prepared in the same way as for the 4-nitrocarbiminoben-
zene hydrochloride. The pfoduct melted at 137° and was ob-
‘ ﬁ§1ned in a yield of 60 g. (87 per cent of the theoretical
 amQﬁﬁt), based 043 mole of 3-nitrobenzonitrile used. The
‘solvant was nitrobenzene (200 md.). A sample recrystallized
~ from absolute alcohol still melted at 137° with decomposition.
| 3-Nitrobenzamidine hudrochloridé (141)(142): This

was also prepared in the same way as for the correspending
4-nitrobenzamidine. The methoed of isolation differed. The

rééétion mixture from 11.5 g. (0.05 mole) of 3- nitrobenzimino-
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sther hydrochloride was filtered from the precipitated am-
nbﬁiﬁm‘chloride end then e&aﬁorated in vacuo at room temper-
yb‘a;t»:ure. The orsnge colored residue was trested in turn with
10 mo. of concentrated hydrochloric aclid so as to form the
~stable hydrochloride and then dissolved in water by heating.
‘The solution was purified with Darco. To the filtrate on
ecooling, there was added 10 ml. of concentrated hydrochloric
" aéid, whereupon we obtained 3.8 g. (dried weight) of the
'”"hydrodhloride, melting point 248-249°., The mother liquor
was concentrated to one quarter its.original volume by heat-
ing on a hot plate. On cooling, obtained 3.0 g. (dried) of
"~ the same product, melting point 240-244°, Conplete evapora=
}tiéﬁ of the remaining mother liguor yieided 1.2 g. (melting
point 220-230°). The combined yield was 8.0 g. (80 per cent
‘ Of’the'theoreﬁical).
It may be recrystallized from 95 per cent alcohol,
whereupon a product melting at 248-249° 1s obtained. There
ﬁ 1s 11tt1e loss in this purification process if only the re-
quired amount of alcohol is used.

2-(3'eNitrophenyl)=-4,6-dimethylpyrimidine:

a. Reactlon between J-nitrobenzemidine hydrochloride

and acetylacetone in g 30 per cent aqueous potassium carbonate
soluticn, - Twenty and two tenth gramé (0.1 mole) of 3-
| n@trobenZamidine hydrochloride was dissolved in 100 ml. of
’ §§1d distilled water aend 28 g. (0.23mol§) éf potassiom car-

 bonate dissolved in 100 ml. of water wes added. To the
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~ thowoughly mixed solution there was then sdded 10 g. (01
»mole) of acetylacetone. An shsking, a clear yellow solution
resulted and which began to deposit yellow scale-like cry-

' *sﬁéis within a space of a few minutes. After allowing to

| étandrat room temperature for two days, the product was
collected. It weighed 12,5 g. end melted at 154-156°, The

. yiéld‘by this procedure was only 54 per cent of the thaore-
tiéal amount. S8everal recrystallizations from ascetone-alecohol
ﬁcausedfit to melt at 157-158°. It geve no depreasion of the
;ﬁelting point with the mononitro-compound described by Ochial

et al (139). |

: be. Reaction between J-nitrobenzemidine hydrochieride,

"géetylacetone and sodium ethylate. - Ten and one tenth grams

‘ﬁiéﬁiﬁs mole) of 3-nitrobenzamidine hydrochloride wes suspended
kib»EO ml. of acetylacetone. To thls was then added 3.4 g.
'(0;65 mole) of sodium ethylate. The pasty mixture was diluted
with 50 ml. of Anhydrous dioxane and then sllowed to reflux

| fcr,twenty-four hours. The insoluble sodium chloride was
rehoved by filtering the hot reaction mixture with suction.
whe filtrate was diluted with water, whereupon the pyrimidine
’precipitated. Dried at 50° overnight, it weighed 10 g.(87

 per cent of the theoretical amount) and melted at 155-357°.
’Absample recrystallized several times, finally malted at 157-

)

 *.158?. It gave no depression with Ochlait!s product.
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I II

 Welght of Sample: 0.1085 g. 0.1063 g.
Volume of 0.04668 N HCl used: 30.73 ml. 39.77 ml.
Cglc. for CygHy,N305: N, 18.34%
‘ : Found: N, 18.50 4 18.30 %

2-(3'-Aminophenyl)-4, 6~dimethy1pyrimidine- Eight

grams (O 035 mole) of 2-(3'nitrophenyl)-4,6~dimethylpyrimidine
50.@1. of 95 per cent alcohol and 0.1 g. of Adam's platinum
- 6iide catalyst were placed in a pressure bottle and shaken
in a hydrogen atmosphere until no more absoprption occurs.
fﬁélsolvent was evaporated on a steam cone. The resulting
' viscous brown residue was stirred with ligroin in an ice~
'salt bath until orystallization occurred. The yleld was
“‘quantitative on a product melting at 88=90° (in agreement
with Ochiai's value), The compound 1is vefy soluble in most
organic solvents, hence to obtain« it 1n well defined crystals
kit ﬁay be dissolved in ether and the solvent allowed to evapo-
”“hﬁre while being cooled in an ice-salt bath. The product
_ thus obtained melted at 90-91°.

I IT
Weight of Sample: 0.1135 g, 0.1002 g.
Volume of 0.04668 N HCl used: 36.90 ml. 32.22 Ml.
'Calc. for Cy H, zN;: N, 21,10%
Found: N, 21.2¢ % 21.05 %

The picrate was also prepared and appeared to melt
at 199-200°, however, this was difficult to see because it

‘melted down to a black liquid and underwent decomposition.
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Ochlal 4t al report it melts at 199%. The nitrogen analysis
- was too high, however, this could be accounted for by assuming
the picrate was not completely free from excess picric acid,

- 2-Phenyl~4,6~dimethylpyrimidine (137): Sixty-three

fgfgﬁs (0.35 mole) of benzamidine hydrochloride dihydrate was
dissolved in 225 ml. of cold distilled water. To the result-
ing solution there was added with vigorous shaking, & pre~
kviaﬁsly cooled solution containing‘lllg;(o.s mole) of an-
hydrous potassium carbonate dissolved in 400 ml. of water

,éhd to the resulting solution there was added 40 g. (0.4 mole)
of acetylacetone. The resulting yellow solution was allowed
to stand at room temperature for about four days. The white

~erystals of the tyramidine agreed in melting point (82-83°) .
yyiﬁh;tnat repppted by Pinner. The yield was only 18.3 g. (32
pér cent of the theoretical amount).

Benzamidine hydrochloride (167) : This was prepared

using the directions of A. R. Ronzio and J. B Ekeley as pub-
~1lished in "™Orgenic Syntheses™, The yleld was 65 grams of a
product melting at 73-80°.

Mononitro-2-phenyl-4,6-dimethylpyrimidine (139):
Pen grams (0,054 mole) of 2-phenyl-4,6-dimethylpyrimidine was
dissolved in 10 ml. of concentrated sulfuric acid., Cooling
wae necessary since consliderable heat was evolved, This was
wthéh gdded slowly to a well cocled mixtﬁ;e eontaining 40 g.
~ of fuming nitric acid.(sp. gr. 1.49) and 49 g. of concentrated

sulfuric acid. The reaction mixture was not allowed to rise
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~ more than 2-3° above 0°C. during the above addition (ice-salt
Kbﬁth). The resulting mixture was stirred for a few mimtes
in the cold. The ice-salt bath wes then removed and stirring
~ permitted at room temperature so as to caﬁse small lumps of
~‘££§ pyr1m1d1ne to dissolve. In & space of 10 to 15 minutes
- the temperature of the reactbon mixture rose to 15°C. The
ice~salt bath was then replaced end stirring was méint&ined
in the cold for about an hour. The reaction mixture was then
pdﬁred slowly and with stirring onto 1500 grams of crushed
,iéé, The acld mixture was then made alkaline by pouring in
‘8 sodium hydroxide solution conteining 50 g. of sodium hyw
’ droxide in about $00 ml. of water. The mixture was then al-
  16wed to stand for sbout an hour to permit the nitro-compound
to settle. It was then filtered with suction end washed free
~of alkall with copious quanitiés of water. The wet cake was
broken up into small pleces and allowed to dry at ‘about 30°
~ overnight. Yield 8.6 g., melting polnt 62-110°. This was
r,gissolved in an alechol-acetons mixture, ﬁefluxed with Darco,
f1ltered hot and allowed to cool slowly to room tempersture.
A product separated which melted at 148-152°. One additlonal
- reerystallization from hot acetone-alecohol 6aused 1t to melt
 at 166-157°. The yield of pure product was 2.5 g. This
gave no deéresaion of the melting point with 2-(3!'-nitrophenyl)-
4,6~dimethylpyrimidine.

o The mother liquor from the first recrystallization
‘i°yié1d 4.2 g. of the unchanged 2-phenyl-4,6-dimethylpyrimidine.
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VI. SUMMARY

l.' No analogues of plasmochin in the indole series
'>hQVe been prepsred. '
2. The reported dlazotization and reduction of 3=
i»nitro~4-anisidine to the corresponding Z2-nitro-4-methoxy-
‘  ph§nylhydraz1ne has been attempted, but without success (1l1l1).
&.7 Several products from this reection have heen
isolated and nitrogen analyses have been made. From these
]Qﬁéger data we have suggested three possible structures
’for the compound melting at 108-109°,

L 4._ A compound from this feaction and which was'
,f,hbught to be the desired hydrazine has been used &n an at-
w:témpt fo prepare the corresponding phenylhydrszone of methyl-
}:ethyl ketone. The pink compound so obtailned has been shown
not to be the expected hydrgzone, but no structure has, as

yet, been assighed to it. | |

o 5. A cgmpound which 1s apparently identicsal with

this by a mizxed melting point was also obtained by recrystal-
 1£1ng 8 regctlon product somewhat similar to that described
~gbdve, before its reaction with methylethyl ketone, from
Wyé#hyl alcohol. |

i 6+ A compound corresponding to that of the

hydrochloride of 7-nitro-2,3~dimethylindole has been iso-
 lated as one of the products from the Filscher reariangement
ffef the corresponding phenylhydrazone.

- 7. 7-Amino-2,3-dimethylindole has been obtained,
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v’Tinkpoor yield, by reduction of the nitro-compound with sodium
 hydrosulfite.
| 8. A synthesis of N-(X -diethylaminopropyl)wz-
,;nitreanilfne is given.
 ._ 9. The product, melting at 165°, from the Mannich
reaction between indole, diethylamine and formaldehyde and
which was reported by Kiihn and Stein (125) to be 3-diethyl-
!qmincméthylindole has been shown to be a polymer.
: 10. The desired 3-diethylaminomethylindole has been
2 prepared, using en ecid medium, and found to agree with that
. reported by Heinrich Kuehn and Otto Stein (126).
B 11. 4,4'-Di-(4,6-dimethylpyrimydyl-2)-1,5-d1iphenoxy-
,"éfépane and 1ts hydrochloride have been prepared from the
feaction of 4,4'-diamidino-i,3-diphenoxypropane end scetyl=
 acetone and resction of 2-(4!-hydroxyphenyl)-4, 6~dimethylpyri-
midine in the form of its sodium salt with trimethylene bro-
‘mide. _
| 12. A second product also formed from 4,4'«di-
amidine-l,Sndiphenoxypropane and scetylacetone corresponds
’ to that of 4-(4,6-dimethylpyrimydyl-2)«4'-N-(2~penteneoyl-
‘&midino)-1,5-diphenoxypropane ofi the basis of s nitrogen
; 55&1ysis.
13. A product has been obtained from this latter
substance by dissolving it in concentrated'hydréchloric acid
 and recrystallizing the resulting product from alecchol. No
;ﬁrﬁcture has been suggested in view of the meager data

avallable.
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| 14. Two new compounds, 2=(4'-nitrophenyl)~4,6-
‘bdimethylphrimidine and 2-(4'-aminophenyl)-4,6-dimethylphrimi-
dine, have been prepared. ‘
| 15. The 2-(4'~-hydroxyphenyl)-4,6-dimethylphrimidine
'~dérived from the corresponding smino-compound hes been found
“to agree in its melting point with the compound prepared by
the hydrolysis of 2-(4'-mithoxyphenyl)~4,6-dimethylphrimidine
(138).
: 16, The preparation of 2-(3!-nitrophenyl)-4,6-
dimethylphrimidine end the corresponding 2-(3!'-sminophenyl)=-
: 4,6-d1methy1pﬁrimidine is described.

17. The 2-(5'-nitropheny1)~4,B-dimethylpyrimidine
‘has been found to give no depression of the melting point
with the nitro-2-phenyl-4,6-dimethylpyrimidine of Ochial

et 8l (139).

18. The 2- (3'-aminophenyl)-4,6-dimethylpyrimidine,
in its crude form, agrees in its melting point with that of
Ochial et al, however, further recrystallization of this has

 given a somewhat higher melting point.
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