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Le INTRODUCTION

One of the oubtsbanding chapters in men's history has
besn his strugsle against disease. From the earliest dayvs
man has sousht to alleviate and cure his ills and pains by
herbs, nmineral waters, snd potions, but 1t was late in the
nineteentnh century when the first synthetic druss were made.
The brilliant work of Thrliieh mave the greatest stimulus to
the possibility of conquering disease by systemstic synthetic
chemotherapys. Ehrlich himself dreamed that there would be
found a drusg sgeeifi& for ench disense.

After the first enthusiasm srising from the success of
the arsenicals and other metalliec drugs had subsided, the
fgulfa® druge next gave substance to Fihrlich's dresm. This
remarkable group of druss has helped in the fight azainst maﬂy
formerly unchecked diseases and together with the notable bac-
terial drugs, penieillin, gramicidin, and streptomyecin, bids
+0o meke man's life longer and easier.

However, there are g few diseases with which synbthetic
chemotherapy has had little success, Among these are malarisa,
tuberculosis, leprosy and cencer. lMalaris sesms destined to
be checked, due 10 the control of the nmosguitoes by better
sanitetion and the newer ingecticides, snd the druzs, atebrin,
plasmoguin and psludrine.

In the search for newer and better chenmotherapeuties, one

approgeh gseemg to be lipophilie therspeuticels, i.e., drusgs



containing highemolecular weight aliphatie groups. The theory
of lipophilic chemotherapeuticals has been outlined briefly by
Bergmann and ﬁaaﬁﬁihﬁrggi They state in theilr introductory
parazraphis; e |

"Phe systematic synthesis of substances expected to have
chepnotheranpeutical value i1g bhased on Thrlich's postulate that
they should have affinity for the tissue forming the callQWall
of the parasite but not Tor thet of the host. Tharﬁ‘ar& 8till
a few mal&diaa in whieh chemotherapeutical investigetions have
had bat liﬁtla SUCCESE8, €.Z., btuberculosis, leprosy, and parae
sitle diseases of the Thellera type.®

"in seeking a new type of chemotherapeatical, intended to
have affinity to the lipoids and not to the proteins, we were
influenced by two considerations: (i) the cell-walls of
tubercle and of leprosy bacilli are known to consist larzely
of lipold materiel, so 1t wes expscted that they would exhibit
a seclective affinity for lipophilic substances, (ii) sueh sub-
stances should be effective in &}l’ﬂﬁﬁﬁﬁ in which the infected
tissue is lipoldal in character.t

The preparation of hizgh-molecular weizght therapeutbic
azents is of interest for several reasons. {1} Molecular
structures which are now useful in drugs mey bHecome BOTE UBEe=
ful, and molecular structures which show no aectivity may be-
come effective 1L thelir solublility in lipoidesl tissue is ine

creased. (2) Technigues developed for thelr preparation may

1. Bérgmann and Heskelbers, d. Cobem. 50c., 1 (1939).
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‘be useful in other types of synthesis., (3} Intermediates and
the Tinsl compounds may have otiaey cmémieal uses. (L) From
the purely theoreticsl viewpoint they incresse our knowledge
of homoloLy . |

The difficulty of correlating the chemicel structure and
therapeutic vaelue of chemotherspentic agents has been given by
Glarkwg Homologues 4o not necesserily produce similar phyg-
iologicel action and may even be antazonistic in their action.
In the preparation of lipophilice the?ayeaﬁie&i%, therefore, it
ig not essentiesl to follow the line of homolozy. In many
cames, however, bhis is an advisable method.

The investigetions in this thesis deseribe the prepara-
tion of nitrogen and sulfur compounds containing highemolecul-
ar weight aliphatic groups, Trom ﬁaﬁeagl to octadecyl, {Glﬁ“
818}, which may be useful as ﬁﬁ%fﬁ?ﬁﬁtic agzents, especially in

the treatnent of malarie and tuberculosis.

he general spproach hasg been the introduction of these
high-molecular welght aliphatic zrogps ihto (a) rolecular
structures known to confer cnemotheraneutlie setivity, and into
{b) molecular structures not yat:kgm@a to have any phyveioclogi-

cal eiffTect, bul which contain chemically active grouns.
2

2. Llark, in neriter, Heubner, and Schuller's "Hendbuch der
experinentellen Pharmekologie®™. Springer, Berlin (1937),
Volume IV, Pe 217.
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IY. HISTORICAL

A« Chemotherapy of Falaris

The first and one of the most suceesgful antinmalsrials

has been guinine {(I}. Since the Countess of Chinchon was

OH,— 08 — (B~ GHindE,

CHo
CHY

—CH— ¥ —CHjp

i
(1)
cured in 1628 by the marvelous Peruvien bark, this substance
has been used to combat malaris. The cinechonina bark, which
conteins guinine and other alkeloids was first administered as
a powder. Later the pure materisl weg exiracted from the
bark. However, the pure drusg was s0 expensive that its bene-
fits were only aveilable to the rieh. This led the French
Socliebty of Pharmacy in 1850 to offer a prize of four thousand
frenes for the synthetie preparstion of guinine. Ib was many
years later {in 1945) before the total synthesis of cuinine
weas realimed;B This synthesis is presently of little commer=
cial value as 1t involves nany steps to produce only a small

amount of material,.

oodward and Doering, Jde Lbie Chem. Soce, 67, 860 (19L5).



b
However, the contest had many cood resulis, It stinule-
ated much valuable research, ¢specially on the quinoline nuce
leus, in the hope of preparing either quinine or a suitable
substitute. One of ite grestest indirect benefits was fronm
the efforts of Villilanm Henry Perkin, whileh led to the begine
ning of the great synthetic dye indusiry.

In 1908 Rabe proposed the sitructure of quinine which is
accepted today and in 1931 he synthesized é&hyéraquiﬁiaﬁ.h
tis work wasg verified by Voodward and baeriﬂgaB

Guinine is &aﬁiﬁﬁhizﬁn%&l,g and is therefore suitadble in
the trezstment of scule malarias. The drus possesses several
digsdventeres. In addition to personal idiosyncrasises (ﬁy@@i~
gsensitivity), quinine poisoning is not infrequent. UCinchonism
may result from repsated administration of full doses. This
malady is eﬁarae%e:izeé by impaired hearing snd ?isian, nausca,
and headache, and may extend Lo 3@riaa$ disturbances of the
pagtro=-intestinagl and central nervous systans.

’Tﬁ@ ﬁifficulties in the synthesis of quinine led to the
study of other molecules as antimelarials. Guttmenn and Fhy-

lieh showed in l8916 that methylene blue exhibited some anti-

I, Habe &nd Co=workers, BeTes O4B, 2487 (1931).

5. For a genersl discussion of the malarial cycle, see Spatz,
Selie, Doctoral Dissertation, Iows State Colleze, (1941).

6. Gubtmenn and Ehrlieh, Berlin.klin. Goehsehr., 28, 593
{1891} /[Chem. Zentr., I, 221 (1892}7%




malarial aetivity, and later other compounds c¢losely related
to metaylene blue were shown to be of therspeutie value. Years
of research in an extensive systesatic program ab I. G. Far-

benindustrie yielded @l&sma@ain? {IX}. Plasmoguin is one of

CH40
, B
zz:é;—-—fr —{CH) s—H(CH,)
CHy
{11}
the nost effective sgents kpnown in avian malaris. It is zgame
etocidal’ in action, but its use in humens is limited as the

therapeutic ﬁa&é often approaches the toxic dose. The nmost
common toxie effects are cyanosis and methemoglobin formation.
Cinchonism, however, is not produced.
The next géaﬁ'ﬁntimala?ial introduced was atebrin® ({I11).
s | |
ﬁ-xfg-(ﬁﬁ3}§—§(€2§5)g

CH3
N
{TIT)

puring vorld weyr II, when our supply of guinine vas cut off,

7 gahﬁlaman, gchonhorer, end vinzler, German Patent, 486,079,
(192L) [Cahe, 24, 1937 (1930)7.

. (a) Mietzsech and Mauss, Klin. Vochsehr., 12, 1276 (1933)
(b) U.S. Patent, 2,077,250 (1937 [Csfe, 31, 1060 (1937)7.
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this drug was the moet important antimalariel. It has been
proven far superior to guinine. Atebrin, like guinine is
sehizontal in action, as compared with the gamebocidal action
of plasmoquine As & result a combination of quinine and plage
moguin or atebrin and plasnmoguin has been much used in olini-
cal pracbice. The tozicity of atebrin is relatively low.
Abdominal pain, headache, and gastrie disturbances are occa~
sionally noted. The skin msy turn yellow, but no harm results
from this coloration.

The succesgs of plasmocuin and atebrin ineressed econsidere
ably the interest in synthetic entimslarisls. In recent years
thousands of compounds have been prenared and tested under the
auspices of the Allled Covermments. Since the end of Vorld
War II, there has been announced the preparation of three
drugzs, for which superiority over atebrin, plasmoquin, and
guinine is claimed.

One of the most promising druzs appears to be 5§ 76189 or

T=chloro=h={ - dilethylamnino=1t-methylbutylanino)=~quinoline {IV).

s
HoN- G- (GHp) 5~ M(CH5) 5
21
c1 "
(1v)

G, This number rerers to the survey HNumber of the drug in the
research program of the United States Government.



This druz was Tirst synthesized by Anderson, Breitner, and

10

Jung~~, but apparently its cutstanding entimelarial properties

o . . N s k: A 1
were not noted and it remained for Surrey and ﬁammﬁrl

t0 prew-
pare it and recoznize its therspeutic possibilities. SH 7618
acts as an effective suppressant when given only onee a week,
is well tolerated, and does not color the skin. Hore phys-
iolozical informetion aweits further c¢linieal testinz.
A second drug recently announced is ﬁ@t@ehiari&iﬂe,lz
2={peaminobenzenesulfonylamino}-5~chloropyrimidine (Vi. A

g H

HEp T |
! A
0

(v)

full degcription of ite pharnmacologieal pronerties, however,

hae not been releaped.
The third new antimslarial is Paludrine, E%ggychlorapa@nyl
ﬁ5miaa@ra§yl higu&ﬁi&@lB {?X}.‘

(o
CiO N-— " ~H- z’ﬁ —N-C—CHy
]
¥ H CH,
H H

{vi)

10, aﬂdcr@mn, ‘Breitner, and Jung, German Patent, 683,692 (1939)
fg%ﬁkl; L, i&??B {19}§2}7‘

11l. Surrey end Hammer, J. Am. Chem. $00., 68, 113 (1946).

12. See, Volwiler and } Mactorguodale, Chen. Ing. News, 2bh, 346
(1946) .

13, Curd and Rose, Chem. and Ind., 75 {1946) .




This drug appears to be unigue as it exhibits hizh pronihylace
tic metion'® in addition to its suppressive action. Neither
guinine nor stebrin possesses any true prophylactic action,
that is, they do not prevent infeetion, but only act to con-
trol or suppress the c¢liniceal symptoms. Peludrine appears re-
markably free from toxie effects and is ¢lalmed to be more
setive than abebrin or guinine for the treatment of cliniecal
mal&ria*lﬁ

The last three drugs are, however, too new for a nroper
evaluation of their therapeutic properties. Hevertheless,
they give stimulus to the hope that the "perfect™ antinmalarial
may he found.

The vast number of compounds tested Tor therapsutic acw
tion in melaris has led to the formulation of many generalizae
tions and predictions concerning chemical structure and acw
%ivity.lﬁ 5@&@25 has prepared a reather comphrehensive revisw
of chemical constitution and entimalerial sction.

It mizht be well to note, however, sonme 3imila§£ﬁi@s in
the structures of the better antimelarisels. Four of these con-
pounda, (I}, (II), {(ITI}, {IV} are guinoline derivetives,

while one of them (V) is a pyrimidine derivative, This nuce

IL. Turd, Dovey, and Rose, jnn. Trop. led. Porasitol.,39,
208 (19&5)&

15. Adams and eco-workers, ibid, 39, 225,232 (1945).

16. ?Glﬁ&?, Leliwy Doctorel Dissertation, Iowas State Collexe



10

leus, very important in fundamental blology becsuse of its
wide occurrence in nucleoproteins and enzymes, mpay be the base-
is of & new type of antimslariael resesrch. This resesrch may
he founded on the possibility of discovering compounds which
acting analogously to the salgh&nil&miéé drugs may interfere
with the vital processes of the mﬁl&fi& par&aite&.lB Three of
them, (I}, {II), and (III), contain a methoxyl group pars to
the heteroecyelic nitrogen. Compounds {III) and (IV] possess

a chloro gyoup in the 7= position of the cuinoline nuecleus
whereas in {V), the chloro agroup is in the 5- position of the
pyrimidine ring. Compounds (II), (III} and {IV) contain the
same basic side-chain, ;§«§H1$H3)$ﬁzﬁﬁ

2
dislkylarinoslkylanino group is attached in s different posi-

 Gﬁ2ﬁ£ﬁéﬁ§}2, but the

tion in (II}. 'The &aaie side-chain in {I) contains a second-
ary ¢arbinol zZroud.

There still remains & great need for antimalsrial agents
vhich possess prophylactic as well as theraspeutic action so as
to eid man in his fight azainst one of his gyeateaﬁ enamies,

malaric.
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Be Chemotherany of Tuberoculosis

Genersl

The chenotherapy of tuberculosis is a fundamentally dife
Terent problem {rom thalt of diseases such as syphilis and
streptococcus infections, whieh have been successfully treated
by syntietic druzgs. HNost of these diseases are caused by para-
sites, trypanosomes and spirochetes, which have no capsule and
whiech circulate in %the blood stresm unprotected. Tubercle
baeilli, in contrast, are rerely found in the blood stream and
have & protective waxy capsule. These bacteria are azlso well
protected by & mass of tissue called the tuberele. In addi-
tion phagoeytic cells, which usually destroy bacteria, form a
well around these germs and prevent thelir easy destruction.
These considerastions show the difficuldy of direct and innmed-
iate bacteriecidal ﬁctimnil?

Destrustion of the tubercle becilli requires penctration
of the avascular tubercele and the waxy substance by the druc.
The phagocytic cell, also, must often be entered. The zoal of
antituberculous chemotherany is the desgtruetion of the bacilli
found in the infected host without herming the host. The nate

ure of the &iscase, however, moekes 44f0icult the tasgsk of Tinde
] ]

17. For a general discussion of the chemiecal basis of theraw
peutics in tuberculosis, see Vells and Long, "Tae Chem=-
istry of Tuberculosis®, VWilliems and Vilkins, Baltinore,
3&&.??}.&3{1, { 1932) . e 3{31:@ N
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ing a true chemotherapeutic agent.
The chemotherapeutliec agents prepared for testing azeinst
19,

tuberculosis may be divided into three groups #{g) oome

pounds prepared by pure empiricisnm; (b} druzs conceived from
considerstion of the drug versus metabolite antaconist tﬁeary;zﬂ
{c) compounds designed to penetrate the lipid or waxy layer of
the meld-fast bacteria snd so get at the protoplasm of the ore-
ganlsm®e

The results so far reported are not conclusive enough to
permit gay'ﬂéfiﬁit% correlation between éhﬁmiaal structure and
antituberculous aetivity. These rosults, however, do give in-
formetion whiech may be valusble in furither chemotherapeutic

studics,. ‘

Impirical Drugs

In vitro testing of thousands of random chemicsls has ro-
vealed only a Tew sbtrongly tuberculocidal compounds. These
active compounds Inelude certsin metallic compounds es zold

thiocyanate, gold diascetyl and gold sodium tﬁi&ﬁ&lf&ﬁﬁr7

{sanocrysin) end orgenic mercury compounds as the bise-sodium

T8, % True chemotherapeutic agent, in the sense of Thrlich, 1is
one which chemically disinfecta the body by killing the
specific disease organisms in a single non-lethal dose.

19. Burger, J. Chem. id., 22, 587 (1945).

A———

20, Voods and Fildes, Chemistry & Industry, 18, 133 (1940).
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p-nitrophenolate of mercayy and peleetiiylaminonitrobenzene
mereury ﬁcﬁtaﬁa,zl Alksloide and alikaloidael drusgs such as
harmine, conessine, ethylapocuinine and aminohydroguinine have
seened wvorthy of further staﬁyﬁzg ?;ﬁgg@ng;{eaﬁuliver olils)
and hormones [diethyl %vilbé?%?ﬁl} wegre Pound to be of V&lﬁﬂwlg
&ff%ﬁEéﬁwkﬁﬁﬁﬁﬁS?B end theiy halogenated &grivativgggh ané
basic ethers of halozenated @hﬁﬁalagg have shown activity.
5&8}gwéya$2é vere Lested which were supposed to be tuberculo-
cidal beoauge of tﬁ&ir nazative ¢harge when suspended in serum.
Two aszine eompounds, sefranin end tanain heliotrope, apveared
to exert favorable action.

27

Helville and Stehle™' exsmined seventy compounds, mostly
aniline derivalives, bat found no sizgnifleoant results. OCuaiaw
eol und some of its derivatives as well s aromatic aydro=

earbons have alded iao pulmonary tuberculosis. They have given

Zi. Uewitt, . Hev. Tuberc., &, 234 (1923).

22, Lelsoner and Hesse, preh. @zgti. Pathe Pharmakol., 147,
339 (1930).

23. Freedlander, (&) Proc. Soc. Ixptl. Biol. Med., 51, 153
(1542); (b) Am. Keve Tuberc., 49, 563 (19541

24, Freeilender, Uslif. anG Testern Led., 61, 85 {1944},

25. {a) Ssz, 3@@&%@&&, Burger, and Bernbelm, Amn. Hev. Tuberc.,
48, 40 {l%&B), {v} Burger, Wilson, Brindley, znd Bernhein,
3+ M. Chen. Sue., 67, 1416 (1945).

26. {2} 8mith, J. Eharmocol., 20, 419 (1923); (b} z&s%e, Velgw
gner, and Guast, Avehn. ‘exptle Pathe Phe EQKGl;, 135, 82
{15 gg}, f{c) %ﬁiﬁﬁﬂﬁr “and Hesse, igié 5 {

'27. kelville and Stenle, Cen. J. §§a&z&&§eh, 228, 95 (1944).
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occasional relief but no cure. It sibould bhe gironzly endnipe
sized that, becsuse of the varying naturs of tubercular lesions,
meny substances have alded particular casess Yone of these
Uempiricel” druss has been very helpful in zeneral eliniecal

trestment of tubersulosis.

¥etabolite intagonists

Since l?&$g§ maca of the planning of chemotierapeutie
agents nes been directed toward the prepvaratiosn of compounds
gilailar in chenmical structurs to thg ﬁ&%ﬁﬁ%ﬂﬁﬁﬁ required by
the bacteris faﬁ existence, yet antagonistiec in their physw
iologicel ection. Accordinz to thils tﬁeery,gg the bacteria
try to substitute struaﬁurall& gimilar sulfanilamide in their

wetabolism for p-aminobenzole acid, an essential zrowth factor

ﬁgﬁ-<i::::>w$02§32 ﬁéﬁ(i::::>%§@&ﬁ

sulfanilanide p~aninobenzoic acid
for many bacteria. Sulfanlilamide causes bvaectericstasls bHew
esuse it does not fullill the growth and reproduction require-
pents of the bscteris. Urugs of this type do nol destroy the
organisn, bul permit the normel body defense mechanisms to

complete the tasks, Thusg, addition of more p-aminobenzolic acid

ZB. (8] 50008, DTite e LEZpLl. Paths., 21, 74 {1540); (b) Jenw
kins end Hartung, "Ihe Chemistry of Orgzanic Medicinal
?raﬁaeﬁa”; John Wiley and Souns, Inc,, Hew York, H.Y.
{1943}, p» L31.
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reverses the effect of sulfanilenide.
3«3ulfamylpyridine causeg inhibition of the growth of
bacteria requiring nicotinice acid as asn essential growbth subw

stance.

<§::>3@2Hﬁ2 zi::>ﬁﬁﬁﬁ

3-sulfamylpyridine  nicotinic acid
In the case of the tubercle bacilli only & limited number
of metabolic studies have been pade. These studies show that
the baéteri& choose a btypical cell diet of nitrogenous natere
ials and salts, their sole source of carbon beinsz zlycerol or
its oxidation products such as pyruvic aeié,zg They can adapt
themselves to unrelated compounds such as benzoliec and saliw

evlie aei&%;Bg

The baclilli need oxygen Tor their growbtlie
Typical antioxidants such as diphenylamine inhibit the growth
of culfures.

A number of aminosubstituted aromstic sulfones whose
ﬁ%ruaﬁur@ clasgifies them as metabolite antagonists to pe
smninobenzoic &e§é3i have been tested. The most promising syne

5. CT. HOLSE6VAainl, ProC. B0C. Lxpble Biol. Ned., 5L, 342

(1944) « ‘
30. Bernbein, {(a) Scicnce, 92, 204 (1940); (b) J. Bact., Ll

31. (a) Steenken and Heise, Proc. Soc. Exptl. Biol. Hed., 52,
180 (1943); (b} Bell and Roblin, J. Am. Chem. S0C., Ok,

2905 (1942).
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thetic compounds heve been found in this group. The parcnt
compound of the series, L,L'-disminodiphenyl sulfone {VII} is
used as e reference compound for in vitro tnstiﬁb.Bz In spite

of hiszh antituberculous activity the toxieity and insolubility

0
O-O
2.8 -8 B
2 I 2
0

(VII)
of thie compound have prevented signiflicant aiznzs&l tests.
Huch research has been directed toward modification of tiae
atructure of L 4t'=disminodiphenyl sulfone 0 as to increase

solublility and lower toziclityv.

Promin, 33 gte bis (¢ zlucose sulfonate) (VIII) aand ﬁiasane,3“

HOH,C ~ (CHOH) @—G ~fi- O 5~ Oﬁz—- ¢ - (CHOH) 4 CHOH

SG3§a 833&3
(VIII)
Eéa%szigﬁﬁ- O 3- O—ﬁi}ﬁzgﬁ Ha * i&?i'%ﬁ
{IX})

3.6. (ﬁ} mﬁzm&ﬁ* %» ﬁﬁu m@?ﬁé, %,59? {3-91#333 (b; Felgw

men and Hinshew, ibid, 51,

33. Feldman, Hinshaw, and loses, %rﬁc* staff &ﬁ@tiﬁ%ﬁ Yayo
Qéiﬁiﬂg 3}“; 695 {1934“0}'
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its bis (N-methylenc sodium sulfoxyleate} (IX) are nuch more
soluble and exhibit such & low toxicity that both have been
subjected to extensive clinical tri&lﬁ;gﬁ Bowever, their cure
ative effects are too erratic to Justify their general theraw
peutic use.

A newer sgent is promizole, h-sminophenyl-2t-aminothia~

z&lylwﬁ*nsalfﬂm336 {X) which shows a particularly low toxicity

GV
T :
HaN -5 '
? O g\ @-mz

{(x)

and a high antitubercular setivity in vivo.

37 Prelininary

elinical trials in man have been promising.

| Smith, Emmart, and ﬁea%fallsg tested twenty~three come
pounds, including sulfonamides, sulfones and related phos-
phorus compounds and concluded Trom thelr studies that the
diaminodiphenyl sulfone nucleus appears to be a siznificant
point of departure for further investigations in the fisld of
3%+ Raiziss, Seience, 98, 350 (1943}«

35, ?ingh?w and Feldmen, Med. Clinies N. Americs, 29 [&], 919
(1945} '

36. Bambas, J. Am. Chem. Soc., 67, 671 (1945).

37« ?&1ﬁm$n, Hinshew, and Mann, Am. Rev. Tuberg., 30, 418
{1944) » -

38 Smith, Fmmart, end Vestfall, J. Phernocdl., 74, 163
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ghenotherany. ﬁaymﬁnn' prepared g series of derivatives of
Lyht=disminodiphenyl sulfone but tested them Tor antimelarial
rather than antituberculousproperties. Goldbers and §@sly#0
prepared & series of peaminobenzenesulfonylalkylearboxylic
aclids as more soluble derivatives of 4,L'-diaminodiphenyl sul-
fone.

Ag a result of the chemotherapeutic aetivity of sulfanile-
amide and related substences in other infections, & large num=-
ber of studies has been underteken to determine the effects
of this group of agents in experimental tuberculosis. Corper,

Cohn, and Eowerél

have published a good review of the effects
of sulfanilanide in experimental %ah%raulﬁaiéQ K@iﬁhe& SULw
fanilanide nor its derivatives have shown any special velue in
the chemotherapy of tuberculosis.

Eern&eimsﬁ& showed that salicylic and benzoic acids inw-
eroase the oxygen consumption and carbon dioxide production of
the tuberele bacilli, whereas the homologues, 3~ and L-hydroxy-
benzoic acids, were iﬁaetiﬁet Un this basis L@hmannkz EX
anined more than Lifty derivaetives of benzole and salicylic
T e ot Teabiodn e, %, Y00

LO. Goldbers and Besly, J. Chem. Soe., 566 (1945).

Ll. Corper, Cohn, and Bower, Ail. REV. Tuberc., 40, 452 (1939).

L2. Lehmann, lanceb, 250, 15 {1946).




selds as bacteriostatic agents sgeinst tubercle baceilli.

p~smino-salicylic acid {XI) was found active enough to justify

OH
ﬁg&@&:@@%

{X1)
its use in clinical triesls, and preliminary reports are one-

coureging, although iunconclusgive.

Lipid-Soluble Azents

The planning of antituberculous azents has also been ine
fluenced by consideration of the productlon of lipids and waxes
by the tubercle bacilli. Certain fatty acide can cause lesions
or irritetions similar to those produced in infections caused
by acidwfagt bacteris. These gelds damags the bacilli in the
manner of true chemotherapeutical ag%ntsﬁlg This is especial-
ly true of branched fatty acids, such as tuberculostearic acid
(lﬁ»méﬁhylstearic acid) and @hthbic acid (ethyldecyldodecyl-

acebic aeiﬁ&B}, which were iagiéteﬁ by &nﬁ&r&,mgﬂ

from the
esters produced by the baeilli. The theory has recently been

&QV&EOﬁQ&S thet the inhibiting effect of brenched~-chained acids

T3, Polgar end Hobinson, J» Tem. 80C., 615 (1943).
Li,. anderson, Chem. Rev., 29, 225 (1941).

8 ,
L5« Kuster and Vagner-Jaure:z, Biochem. Ze, 317, 256 (1944)
L § siiny ft Q‘, 623 {3.?&69 * ’ |



is due to the replacement by these substances of the natural

cellular Tellty selds and the subsecuent injurious effeets,
Several derivatives of vranched fatty selds and snines

containing long Torked alkyl zrouns were hishly active avainst

tuberele bacilli in yitro.*®

1,4=Dicyelohexylbutan-2-0ic¢c acid
was active in dilutions of 1:50,000. Other acids with 16 to
18 earbon atoms and some related bases in which a diethylamino
group bakes the place of a&rb@XfI were tuberculocidal while
homologues with 19 to 20 ﬁﬁ?bﬁﬁ stoms showed no acbivity.
Chaulmoogric acid and 1ts derivetives, very useful in leprosy,
‘vhich is caused by an orgenism similar to thﬁ tubercle bagw
1llus, have not proved very useful., However, they have ziven
relief in isolated casesm. gmmﬁr%§7 reports that synthetie
alicyclic acids releted to chaulmoogric acid seem worthy of
further study.

a&hg in & study of sntibacterial action szainst human
tubercle bacilll in e synthetiec medium found that compounds

with groups of chain length 612, c,, and Glé had pronounced

1L
L9

growth-inhibiting properties. Néare and co-workers dis-

covered that the ethyl esters of dodecanoic, hexadecancic and

L5. Btaniey, coleman, ureer, sacks, and Adems, J. Phormacol.,
45, 121 (1932). I

47+ Emmert, Am. Rav, Tuberc., 53, 83 {1948).
L8, Drea, J‘ ﬂa@%@, @g’ 547 {l?&&i*
&9. ﬁ@gra, Berthelot, and Eretﬁy, cOmDt . ramﬂ. mc¢ biol.,

8éh ( 3{1; SOUD T e r@ﬁét ¥ ;?ﬁ 3 h€V0
u erc., /57, Ls 37:1;4%% (1938) Zﬁ“g.., 32, 3:393 Ezmi]..
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octadecanoic acids retarded growth of beeilll in expsrimental

tuberculosis, and Ers&ﬁg found that sodium oleate exhibited an

inhibvitory effect on the arowth of tubercle bacilli. Sodium

tetradecyl sulfate has been found quite promising in the trest-

ment of %ab&reai&r'ﬁ@pyamaﬁgﬁl

52

Nt-Dodeeanoyl sulfanilamide’ has been reported to exert

& Tavorable effect on the course of experimental tubserculosais
in zulnea pigs, but Steinbach and ﬁuaaﬁB could not confimm
this claim.

Introduetion of long-chained sliphatic groups into pyridyl

sulfanilamides, however, did not give rise to aativity*sh

sen and Kjaer’

Jene
prepared a series of L-alkylsulfathiazoles for
testing, but no report of thelr pharmacologicsl results is
avallable. Nelther L,LY-distearcoyldianinodiphenyl sulfone nor
&,&'*éichaulmnagryléiamiga&iph@nyl sulfone showed any setive

56 Lipophilice ﬁhaaa?l derivatives of 2«{p-aminophenyl=

ity.
sulfamido)pyridine were inactive against tubercle %aailli,5?
T0. Drea, de DoCLes Lk, 149 (1942).

51 ?ﬁt?ﬁ?f, Herman, and Palitz, Am. Rev. Tuberc., 4i, 738
(1941} . ‘

52. Climeko, Proc. Soc. Exptl. Biol. Led., 43, 624 (1940).
53. Steinbach and Duca, ibid, 44, 133 (1940).
5k Spring end Young, J. Chem. S0c., 248 {1944).

55. Jensen and K3§$r, Dansk Tids. Parm., 16, 116 (1942)
[Cuhe, 38, 2326 {(1TLL1/.

56. Lloyd and Kiddlebrook, Am. Hev. Tuberc., 49, 539 (1944).

57« Cavallini and Carissimi, Chimica e Industrie {Ttaly), 24,
201 (1942) /Chem. Zentr. I, 1370 (19L3 1/«
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Testings of Drugs

dn vitre evelustion of antituberculousdrugs, however, is
not too reli&blﬁgls’z? For example, 2,3 ,5-trilod obenzoic
acid shows high sctivity in vitro, but in vivo this drug has

58 ﬁ repid and economical animsl test

no therapeutic activitye.
is urgently ne@é@ﬁ*BQ The aﬁr@@ning test of Feldmean and Hine
sﬁaﬁ,szb while thoroughly desirable pharmacologically, ree-
guires too larze an expenditure of time and drug. The other
t&gta5§ need Turther improvement. However, larze numbers of
potentisl antituberculous asgents may be rapidly screened by
these methods with some degree of relisbility.

Another limitation is that drugs such ag promin, L,ht~
dieminodiphenyl sulfone and the zold compounds, whieh are very
good in experimental &niﬁal tuberculosis, may be too toxic or

-ef'taé low tolerance to be valusble in human treatment.

Summary

0f the many thousands of gynthetic druzgs tested against
tuberculosis, only three have reached extensive clinical trials,
5¥. Saz end Bernhein, g. pharmacol., 73, 78 (1941). |

59. {a) Omental welizht test: ref. 25a; {b) Oculer tubercule
GSl$ test* Steenken, Wolinsky, aﬁﬂ fHerse, Am. Heve Tubera.,
ﬁ% 19&6) () shisk enmbryo test: Emmart and Smitd

1a, &7, 126 (1943)F Woore, M. I Path., 18, 827 (1942);
Fiseina infection test: Feinstone, ﬁm;"ﬁﬁv, TUBETC.,

&_, 10T (13427,




promin {VIII), diassone {IX) and promizole {X). A4 fourth come
pound, p-aminosalicyliec acid (XX}, has had preliminary clinical
testing. None, however, has shown any unusual therapeutiec
veluce

The drugs in group two {melsbolite antagonists) do not
kill the bseteriss. They merely surpress thelr growths. The
druge in group three (lipid~soluble agzents) offer the best
hope of destroying the bacterisa.

Two mold products, strepthothriein and streptomycin, seenm
guite pramising in their trestment of tuberculosis.

Dissone and promin are éarivativéa of Lyht-diaminodiphenyl
sulfone and promizole has a 4-aninophenyl sulfone nucleus at-
tached to a thiaszole system. AlL of these compounds contain
nitrogen and sulfure. The study of nitrozen and sulfur containe-
ing orzanic compounds, therefore, seems quite significant. Ale
though introduction of lipophilic residues has not proved very
valuable so far, the feoct can not be overlooked that the soluw
bility of these compounde may have limited their testinz. One
of the difficulties in testing long~ochained aliphatic deriva-
tives, as pointed out by ant,é@ is the lack of a method which
cives comparable results for both soluble and insoluble homoe
locuese

The preparation of high-molecular weight compounds cone-

taining nitrogen and sulfur ss therapeutic agents in tubsr=-

60, HOyt, Falia, Dooctoral ﬁiﬂﬁﬁrtatis&, Tows State College
{1540}



culosis, therefore, seems worthy of further study.

G« High-Molecular Welght Aliphatic Compounds in Chemotherapy

Studies on the physiologziesl effects of compounds contain-
ing higbh-molecular weight aliphatiec groups heve inereased in
recent years as technical advences have made avallable resson-
ably large amounts of pure gtarting meterisls. These studies
h&vé also been stimuleted by the discovery that nmetabolic pro-
ducts of many forms of plant and animal life contain these

ETOUDPB e

ﬁﬁiﬁs

Chaulmoogric scid, an unsaturated ncid of the cyclopen-
tane series containing a straight chain with 13 carbon atams,
and hydnocsrpie acld, an unssburated acid of the cyclopentane
series containing 1l carbon atoms in the ehain, have been
found very useful in leprosy chemotherapy. On this basis

L6

Afems and co-workers prenayred a large series of cycloslkane-

carboxylic acids and tested them amainst the leprosy bacilli.
‘%ﬁ&y‘faana‘ﬁaa% vactericidal activity appeared to he very

61

stronzly related to surface tension lowering ability, g faot

later well aatabliﬁhaﬁwég\ Theilyr dats indicated that a bacw

B1. Dtaniey ond AQons, ds itls Chem. 500, Sk, 1549 (1932).
62. Hoggerhelide, J. Buct., 49, 277 (1945).
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tericidally effective acld must be a zood surface tension dew
pressant and must also have g molecular weizht of approximatew
1y 256, that iz, one which correaponds to an aeid of sixteen
carbons. Hexadecanoic acid, however, had 1little effect, thus
showing that the position of the carboxyl group is also impore
tant., Snhifting the carboxyl zroup Irom atom 1 to atom 2 lows
ered the surface tenslion and ineressed the beotericidal action,
and as the carboxyl group approacihed the center, these effects
increased.

On thie basis Hill and ?&gerég prepared a serles of «-
alkyl mercapto aliphatic acids, BSCR'COOH, where R and R* %are
both highemolecular welght groups. Pharmacological reports on
these compounds were not given. Brady and Bmg@rté&‘rﬁglﬁeeﬁ
the cyclopentyl nucleus in hydnocarpic acid by pyridine and
thiazole for tesgting in rat leprosy. Thelr therapeutic ef-
fects are not svailable.

Br&a,kg in & study of the antibacterisl properties of
saturated fabby ascids asgsinst tuberele bacilli, found that ac-
tivity wes &Sﬁt pronounced with tetradecanoic (le§ and hexge
decanoic {616) acids. Octedecanoic {glﬁ) acid was definitely
inhibitory and dodecancic §$12} acid slightly lesg inhibitory.
The acids with one to five carbon atoms had little or no

growth preventing effects, while the aclds fronm Gé to 612

B3, HLill ond Faser, de Ab. Coem. $0C., 65, 2300 (1943).

6L+ Brady and Bogert, ibid, 65, 1075, 1081 (1943).
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showed less activity than the higher homolozuss.

Hetabolie studies on the fTeedinz of sebaele, decanes,
tetradesene- and hexadecanediolc acids as disodium salts to
doze and the last three to man showed that utilization in the
body ineressed with chain 1amgﬁh»55 ~<-jercepto and g~disulfido
fatty aclds of higzh-molecular weight have germicidsl proper=
ties which suggests their use as germicidal a@a@sgéé o sizg-
nificant sntinmalarial setivity has been shown by highemolecular

welaht aliphatic faliy acids.

Esters

The ethyl esters of the branched ascids prepared by Adams
and co-workers showed no sctividty agsinst leprosy baecilli;

this was abiribated to thelr inabllity to lower surface ten-

%i@ﬁ;ﬁl‘ Yention has been nade of the retarding action of the
ethyl esters of dodecancic, hexadecancic end octadecancic
geids in experimental tuberculosis in guines @igs,hg
Long-¢hained esters of pyridinecerboxylic acids showed no
value as local aﬁeﬁtﬁeticsiﬁ7 p~Alkoxybenzoates of secondary

amine aleohols {XII) have been found to be good enestheties,

65 %&mri?h and Immrich~Glaser, Z. physiol. Chem., 266, 183
(1940}«

66. Eggerth, J. ExptlMed., 53, 27 (1931).
67. Blicke and Jenner, J. Ame. Chem. Soc., 64, 1721 {1942).
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but if n is larger than six the effect &?ﬁpﬁwég

ﬁmiﬁ@s

D*ilelio and ﬁ&i&ég prepared Nemethyl amides of aliphatile
acids from Tormic to stesric and found the elght-, nine- and
ten-carboned members to possess local anesthetic properties.
The toxicity increased with chain length. HNe-n-Dodecyl acet-
amide hasg been reported aaﬁful,mﬁﬁisinallyi7§

Buck and cﬂ~w@rk%r$7l investigated the phermacological
action of alkylureas and isoureas from methyl to nedocosylurea
{Ggg}, They discovered that these compounds had anesthetie

effects and toxicities which ineressed with chain length.

Amines

?uller,?z using 20 different strains of bacteria, reported
thet the antibacterial activity of straighi-chained g-mono

68, Pierce, pelsbury, end rredricksen, U.S. Patent, 2,372,116
(1945) [Cuhe, 39, 3630 (1945}7. Pt

69. D*alelio and Reid, J. am. Chem. Soc., 59, 109 (1937).

70. English patent, 458,454 {1937) /Chem. Zentr.,I, 2867
{1937}/

71, deBeer, Buck, and Hjort, J. Pharmescol., 52, 216 (1934).

72. Fuller, Biochem. J., 36, 548 (1942).
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and diamines, amidines, zuanidines and quaternary bases in
broth inoreased with chain length up to a maximum, then de-
creased., This maximum depended on the strain of bacteria used.
The activity for the mono~subgtituted compounds inereased up

0 the £ chains.

12"%16
King, Leaurie,and Yﬂrke?3 found long-chained emidines to
be effective agalnst trypancsomes.
Heptadecylamine hydrochloride was toxic to frogs, dogs

Th Valko and ﬁnﬁsi@,?ﬁ

and guinea pilzs, examining a series of
privary and tertiery amine hydrochlorides from decyl to octa-
decyl with the corresponding dimethyl derivatives against
Stephe aureus end L. typhi, reported dodecylamine hydrochlor-
ide to be the most effective agent., Noteworthy is the fact
thet 9~oetadecenyl~{oleyl)-amine was over three times as ac-
tive as the saturated octadecylamine.

In tests of toxicity to the housefly, Dahm and Kearas76
found that straight-cheined alkyl secondary amines, with iden=
~ tiesl alkyl groups or groupings differing by one Gﬁa Zroup,
were more toxic than isomers in which the alkyl groups dife
Tered by more than one ﬁﬁ2 group. Brancheld~chained alkyl
groups lowered the toxicity. NeHexyl-N~hepiylamine showed the
73, Kingz, Leurle, and Yorke, Lancet, 233, 1360 (1937).

Thiw %lase?ﬁntrggar and Lachmenn, Z. physiol. Chem., 192, 268
19303 . ‘ |

75. Valko and DuBois, J. Bact., 50, 489 (1945).

76. Dabm and Kearns, J. Econ. Entomols, 3k, 462 (1941).




grecteast speed of sction. Ralston and Barrett?7 found dioctyl~
aemine to be the most active of a serieg of secondsary amines
exanined against the house Tly. The activiities of methyl-

dodecylanine and didodecylanmine were much lower.

guaternary Ammonium Derivatives

The reaction of hexamethylenetetramine with & larze vare
iety of substituted benzyl or alkyl halides to form quaternary
amnonium salts with pronounced bactericidal properties was ane-

nounced by Jacobs and co-workers in l?léﬂ?g

Unfortunately
little attention waes given to these observetions.

3amagk?9 in 1935 again noticed the physiological aectivity
of this group of compounds. This worker obssrved that bacterw
icidal properties are not linited to the guaternary salts of
nexsmethylenetetramine., They are a g&neral property of a

large number of guaternary ammonium salis having the general

formulas - - +
Rl
Ry ——= N X
h

77. Ralston and Barrett, Uil and Sosp, 18, 11 (1941).

78. Jacobs and cow-workers, J. Expbl. Med., 23, 569 (1916).
Dr. Jacobs in a preceding paper, ibid, =23, 563 (1916)
- gives an excellent discussion, et valid, on chemow
therapeutlic agentes in bacterial infections.

79. Domagk, Deut. med. woehschr,, 61, 829 (1935).
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Apcording to Domagk, all compounds in whieh at least one
radical, Ry is a 1mng~chainaﬁ aliphatiec group (csﬁl? to $1333?},
either straizht~ or branched-chained groups, possess this so-
tivity. The other three radicals (R,, 33, Ra} may be either
one, two or three lower alkyl radiesls. Benzyl or other ali=-
phatically bound phenyl radicals may also be used, Two or
three of them can even be arranged to form a oyelic camp&ua&
ag in the case of quaternasry salts of pyridine, piperidine or
morpholine. The radieal X is either o halide or & group such
as sulpbate or scebtate. These compounds sre also known as
®invert soaps®, |

A wide variety of compounds, all within the broad field
outlined by Domagk, has been synthesized since his studies
were made. Hany of them have been studied in great detailtga'gl
They Tind widespread use at present as antisepties for surgi-
cal and gynecological prmcﬁﬁures, such as skin and wound dise
infection, and for sterilization of surgical instruments.

These studies have shown that the 815333 radlcal appears

to confer maximum germicidal aeﬁiaﬂ@‘ﬁ Cetylpyridiniun chlore

B0. For excellent reviews on gquaternary ammonium salts see:
{a) ref. 62; (b) ref., 75; (¢} Rawlins, Sweet, and Joslyn,
Jo Ame ﬁharma ASBOC., ;m, 11 {1943).

8l, For atuﬁxes on high-moleculsr welight alkyldimethylbenzyl-
ammonium ehlorides, see; Dunn, Proc. fSoc. Exptl. Blol.
Med., 35, 427 (1936); Ame Je Hyde, 26, L6 {1557); Ame Je
Surz., L1, 268 (1938).

82, Shelton and co-workers, Proc. Am. Chem. Soc., Sept. 1939,
April, 1940.
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1&383 is one of the most poitent bmetericidal sgents known at
present. Its bactericldal action in vitro is far greater than
thnt of the common antiseptics such as iodine, phenol and mer-
curial compounds and even better than some of the recently
isolated &ﬂtihiﬂtiesméz This drug has nore activity than ner-

thiclate oy hexylresorcinol against Streptococcus henolyticus
8L

in mice. Cetyltrimethylamuonium bronide (G?gBléa has also

; 85
found widespread use as s skin disinfectant, 5 an antiseptic
mediun for gloveless ﬁuxgarygé and as an agent in the treat-

- ment of impetimo, & skin disesse especlally prevalent in

chil&rea*g?
The activity of these compounds, as in the case of the
ﬁciﬁs,él seems related to their gurface~tension lowering abll-

it?léz
o information is svailable on the value of these ¢om=
pounds as therapeutic agents in melaris or ftudberculosis, I

should be m@ﬂt&ﬁﬁe@ that many of the successful agents in chem-

¥3, (a) Bilubaugh and co-workers, J. Bact., 39, 51 (1940);
ibid, 41, 34 (1941); (b} warraa, Becker, Marsh,and Shele
tan, 3. ?ﬁarmae&l., ;% 401 (1942} ; (o) Huyek, Am. Jo

8he aarﬁer;‘§}~?ﬁarmaeal&,;zﬁj 277 (1942},
85. Barnes, Lancet, 242, 531 {1942).

86, Villi?ms, Clayton, Duncan, and Miles, ibid, 24k, 522
{1943 )«

87. {a) Forman, ibid 2g;
ediatrics, Bl, 352

174 (1943) 3 (v} Fischer, Arch.
19&&);
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otherapy are asnine derivatives. These compounds are freguent-

ly sdministered ass thelr quaternsry ammonium salbs.

Miscellaneous Aliphsbic Hitrogen Compounds

Eaziakagg greyaﬁﬁd & series of polymethyleneimines from

pentadecemethylensinine to octadecamethyleneinine and found

that the fifteen-sarboned member had strong persistent anese
thetic action. This effect was still evident to & slighter
extent with the sixteen-carboned member, but disappeared in

the seventeen- and eighteen-carboned members.

Because of the value of émyz nitrite in heart disease,
Kfantz and aawwarkersgg tested the pharmscological properties
of dodeeyl, undeceyl, tetradecyl, hexadecyl and octadecyl nit-
rites. These were found to have little or nﬁ effect when ine
haled due to thelr low vapor-pressure,., However, when dise
solved in an aleoholie solvent and injected intravenously,

they elicited full depressor responsSed.

Alcohols and Phenols

Asano aﬁé'¥amagatigg

88. Ruszicka, gSeloman, and meyer, Helv. Chim. Acta., 20, 109
{1937) «

39‘ Krsntz, Carr, and Formen, Proc. Soc. Exptl. Biol. lMed.,
L2, 472 (1939).

90, Asano and Yamagutil, J. Phoxnm. ﬁgn‘ Japun 585-91 {abw~
stracte in Ing liﬁhs 273, L2 (19L0 ZgaﬁJ: z§* 81 (1942)/.

synthesized 2~t%tr&ﬁec%1~3~éw&ihy~
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.drﬁxyquiagne and found it to be identical wiﬁ; rapanone, an
asnti-helminitic compound. These workers also synthesized
other long-chalned guinones but zave no report of their phys«
iological sctivity. HNiemann and %agﬁer§l synthesized highe
molecular weight glycols and report them to be of physiole-
oglical interest.

3¢§r9$nﬁaé$eylea%§ehﬁl { hydrourushiol) has been identi-
fied ps the allergenic prineciple of poison ivy. This compound
is recommended as the stable orystalline standerd ellersen for
Tuture testing in poison ivy @hﬁmﬂthﬁrayyggz Becker and

93

Haack,”” studying the frult of Anscordium oceidentale Linn,.,

found & vesieant acid which they nsmed anscardic acid and
identified as Z-~hydroxy-b-pentadecadienyl benzoic acid. These
workers also prepared 2,3-dihydroxyheptadecenylbenzene {(zlut-
arenghol) which had vegicant activitye.

The high-moleculsr weight aleochols have not proved to be
very effective as aﬁ%&%h&tiﬁ@»g&

The color reactions Of (=~ &ﬁﬁ/ﬁfl&@?&&&l obtained from
the leprosy baeilli seemed to indicate that these compounds
might be trialkyl resorcinols. Butenandt and 3taﬁal&95 Pre-
91, Tiecmann ond wagner, ge OrZs Chem., 7, 227-32 (1942).

92 Mason, J. Am. Chem. Soc., 67, 1539 (1945).

93, Backer and Haack, Rec. trav. chim., 60, 66 {1941).

94. Macht and Davis, Proc. Soc. Ixptl. Biol. Med., 30, 1294
{1933) '

95, Butenandt and Stodola, Aun., 539, 40 (1939).



pared a serles of long~chained resorcinols for comparison but
reported no pharmacologiesl properties.
o significant effect of long-chained zleohols and phenw

ols in meleyie and tuberculosis has been reporited.

Aliphatic Sulfur Derivetives

96

Baker, Harrison, and ¥iller,”~ using Stepii. sureus, Sare

cona lutes and E. ¢oli in thelr studies of stralght-chained

elkyl sulfates end sulfoscetates, found that the 312’ and

14
Gl& conpounds were the post effective for metabolic inhibi-
tion. OSecondary longw-cheined alkyl sulfetes also were shown

to be good ggxmiai&esf§?

Metallic Derivatives

letallic compounds conteining long-chained aliphatie
groups have not been much uesed in chemotherapy. %@ﬁngS has
given a good review of long-c¢hained orgsnometallic derivatives.
He prepared several series of compounds, bub no results were

gilven as to thelr pharmacologlical sctivity. Kharaaehgg DG

95, §agari Harrison, and Miller, J. Ixptl. Hede, 73, 249
(1541

97. Baker and Miller, U.S. Patent, 2,380,001 {1945) [C.A.,
39, 4200 (1945)7.

98, Meals, R.de, E@ﬁtﬁral,ﬁiﬁﬁﬁrtﬁtiéﬁ, Iowa State College
{1941}

99, Kharasch, U.S. Patent, 2,129,376 [Chem. Zentr., I, 1303
(193917

»
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pared o series of highe-molecular welght emine salis with nere
thiolate for use as bactericides and fungicldes, and Anlgstein
found bismuth butylthlolaurate to be very promising in the

, 10
treatnent of treponemss in the rabbit.

Aromatic and Heteroeyclic Derivatives

The high bactericidal action of derivetives of certain
aromatic and heterocyclic nuelei has stimulated research tow-
ward the introduction of hisghemolecular weizht aliphatic
groups into these nuclel.

The use of ﬁlnacyl derivatives Qf gsulfanilemide bhag al-

ready been gi?ﬁa*ﬁg’ﬁa These derivatives have also been tesle
ed against streptococol infections in miee*lel ﬁgaﬁméaeanay1~

sulfanilamide was found o be slightly superior to sulfanil-
emide, but as & c¢lass the long~chained compounds were inferior
to sulfanilamide. The lack of activity of long-chained
pyridine ﬁﬁlf&ﬁilﬁmiééﬁﬁg and ﬁk;&ﬁyl deri¥atiﬁe& of 2«{p~
aminayhenylsulfanamiée}~§yriﬁiﬁa§? azainst tubercle bscilli
has been given.

The introduction of long-chained aliphatic residues into
sulfathiaznle has been m@ﬁtigaeﬁ¢§§ Lonz-chained benzoxazoles

2, 5Lk (1937);
7} 7Cehs, 32, 3021

100, Enigstein, Anna meladies ?ﬁn@riennes
Ann. dermatol. Syphils, B, 903
{(1938Y /-

101. Crossley, Horthey, end Hultguist, J. Am. Chem. Soc., 62,
532 {1940},
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02
have been found useful as synthetic anﬁineﬁav&lﬁants,l

Arnold pnd cawwarkeralgg

prepared lsomeric long-chained
acyl sulfonamides. Toward pneumococsus ﬁﬂwchaulmccgraylsula
fenilamide anﬂ'ﬂ&mﬁ@ﬁﬁ&aagﬁylsulfanii&ﬁiﬁa were inactive, K
nendﬁcenﬂglaalfaﬁilﬁmid@ign was somewhat active, whedodecan-~
oylsulfanilanide was as active ag gulfenilanide, wherecas Nln

dodecanoylsulfanilamide wae less active. 2-aminobenzothia=-

i | i
Gy b= N - O ~SO,NE,  H,N - O — 801G, JH,

E&wé@é&ﬁaneyi ﬁi»éadecaaﬁy}
sulfanilamide sulfanilamide

zole~b=gulfonsnide snd its H~avcetyl derivative had little
therapeutic action sgelnst prneumococcus infections, whereas
2-dodecanoylaninc- and Zwﬁhﬁﬁ1m§ﬂgrylamiﬁﬁh@ﬂﬁ@thi&ﬁﬁwéwﬁu1~
fonemldes were noticeably activﬁ* ﬁluﬁoéeﬁancylsulfahi1amide

105 ﬁ&aﬁeﬁ

wes insctive spainst iﬂ%@fﬁuiﬁﬁia in guinea pigs.
decanoyle, ﬁi”&aéacanaylw, ﬁ$~aiﬁy1~ and N*-hydnocarpylsulfanil-
smides were insctive against rat &e@raay; whereas hydnocarpyle
sulfonemide was slightly active.

Bergman and ﬁaskﬁlb@rgl prepared lipophilic derivatives

of quinine, azo dyes, srgenicals, quinoline and aecridine.

107. Bywater, Colemen, kewm, and Merritt, ibid, 567, 995 {1945).
103+ arnold and co-workers, Ber., 75, 369 (13k2).

104, Cf. refs 75« The double bond seens o exert favorable
baotericidsl Iinfluence.

105, Cf. ref. 54



They found L-hexadecylaninoaszobenzene~Lt-arsonic acid to be
surprisingzly non-toxic to mice. adler, Heskelberz, and Berge
mann,196 testing s series of L-alkylaminoazobenzene-l'-arsonic
acide against trypancsomes, reported the octadecyl derivative
to be slightly effective, Toxiclity decressed with increassing
chain lengthe

Arﬁal&lg?

prepared g serles of high-moleculsr welght 2-
amino~l,3,4-thiodiazoles and thelr sulfanilamide derivatives
for testing sgeinst tubercle and leprosy bacilli, dbut phare
macological results are not avellable.

One of the compounds prepared by Goldberg and gaaly&ﬁ was
praminophenyl hexadecyl gulfmne; but no report of its anti-
tubercular activity was given. |

Knight and Shawi®® prepared a series of long-chained al-
kyl pyridines but gave’ﬁs pharmacological results. 3harp1g9
pynthesized a series of long-chained derivatives of 2-aminoe
pyridines for pharmacological testing but no resulis are availe
able.

110

Arnold found ehaulmoogryl and oleyl thioecyanates ta be

effective in rat leprosy. ©Several p-thiocyenocanilines were

1057 %ﬁiﬁrﬁ“ﬁaﬁk$iberg; 2nd Bergmenn, J. Chem. Soc., 576
1940] «

107. Arnold, Ber., 75, 87 {1942).

108. Knight and Shaw, J. Chem. Soe., 682 {1938).
109. Sharp, ibid, 1855 (1939).

110. Arnold, Arch. Pherm., 279, 181 {1941).




3 B

prepared. K-Oleyl-p-thiocyancaniline and H-hexadecylw-p-thio-
eyanoaniline were inactive in rat leprosy. 2«Chaulmoogryle
amino-6-gulfamylbenzothiazole was inactive against pneumocoo-
cus in mice.

Rajagagalanlll prepared lipophilic derivatives of sulfan=
ilamide, sulfethiszole, sulfathiszoline,; sulfanilylsulfenil-
amide and sulfapyridine but gave no physiologleal properties.

112

Albert, Goldacre, and Heymann™ neade 9-dodecyleminocacridine

and 9-hexadecylaminoaeridine, but zgave no therspeutic results.
A theory has been advenced that carcinogenic substances
may be "denstured"{made less active] by changing their hydroe

philie properties to hydrophobie prag%rti@s;llﬁ

A8 a begine
ning in the study of this guestion, several long-chained flave
ins were prepared, dbut aamglé%& physioclogieal results were not
given. |
Neither repleacement of the H~ethyl groups in the diethyl-
aminéalxylamiﬂa pide-chains by larger aliphatic groups in the
pvetter antimalarials nor lengthening the alkyl groups between
th&‘amine nitrogeng in the basie slde~chains has been too

promising, Glen and Rabinﬁaﬁ,llk

in a study ﬁfgggmpdiaminamé~
methoxyquinolines, found the megonate of Qe[§ﬂill~ﬁiethyl»

11i. K& jagopolen, current science, 1l, 394 (1942); Proc. Ind=
3‘&%‘% ﬁ.ﬂ&ﬁn %gﬂ%ﬁa 3 _ﬁ&igg 10 E EE § éBT“;gﬁﬁt * 2_%, l%l; t i?l&m’

112. Albert, Goldescre, end Heymann, J. Chem. Soc., 651 {1943).
113, Lettré end Fernholz, Ber., 73, 436 (1940).
‘1lke Glen and Robinson, J. Chem. Soc., 576 (1940).
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aminohendecylanino) -propyl-/anino-6-methoxyquinoline to be ac-
tive. 8ﬂirley11§ synthesized lO0-octadecylphenothiazine but

found it inactive in malaris.

Miscellaneous Compounds

J@rebelllé in a continuation of studies on "invert soaps®
replaced the gentral nitrogen stom with phosphorus and arsenw
ic. The phosphorus and arsenic derivetives were similar in

activity ageinst Staph. sursue and were slightly better than

the corresponding nitrogen derivatives.
l-n=Alkyl~5~ethyl-5~isobutylbarbituric acids in which the

alkyl group was varied from n~amyl {65} to gyﬁeaasyl {Cz22)

' have bheen iﬂV@stig&t@ﬁilly Low solubility prevented signifi-

eant testing above {,,. but for the lower compounds the minimum

16
hypnotic dose was Tetal 1n all cases.

Richardson and Reidl® studied SONE of =4 i~p-hydroxy«
phenyl alkenes having two, three, four, five, six and ten
methylene groups between the phenyl groups. The lower members
" of the group had decided bactericidal properties, but low
solubilities, especially in the higher members, maé@ extensive

testing inpossible.

1i5. ?hiri?y,’ﬁwg&, Tootorel Dissertation, Iowa State College

116. Jerchel, Ber., 76, 600 {1943).

117. Buck, Hjort, Ide, and deBeer, J. Am. Chem. Soc., €0, 461
{1938).

118. Richardson and Reid, ibid, 62, 413 (1940}.
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Do Previous VWork Alonz Lines Studled in These Investigations
l.vﬁigh~%&1eaniarfﬁﬁight Hitrogen Compounds

Tertiery amines

Harberil’ has reviewed the methods of preparstion of ter-
tisry anines. The principal methods involve the reaction of
ammonia or primery or scoondary asmines with alkylating agents
such as halldes, sulfates, p-tolusnesulfonstes or phosphates,
A1kyl helides have been the most widely used slkylating agents,
but thelr resctivity often leads to unresolvable mizxbures. A
modification of the alkylation with hslides involving the ree
action of metalliec derivetives of amines with the desired hal-

120

ide has recently been described. This method, however,

sometines leads to moleculsr r&arr&ngem&nt&;lzz

REobinson and Kabinganigg found that cleavage of dialkyl-
aminomethyl ethers with Grignard reagents gsve rise to ter-
tiary amines. ﬁ&ab&iaxg? extended this cleavage to other
organometallic compounds, especlally orgenolithium compounds.

TI5. Harber, W.ls, DoCtoral Dissertation, Iowa State College

(1940)
120. %ilm%?, Xyle, and Benkeser, J. Aum. Chem. 50c., 068, 143
1946} . o

121. The phencmenon 1s discussed in the next section of this
thesis,

122, Robinson and Robinson, J. Chem. Soc., 123, 532 (1923).

123+ Haubein, A.H., Doctoral Dissertation, Iowa State College
(1942}«
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Tertiary Amines from lolecular Rearrangements

It was observed in the preparation of some amino-derive-
tives of dibenzofuran that resction of s halide in which the
halogen was ortho to the etner linksge with sodamide in liquid
ammonia gave the meta amino-derivative, 2% Extension of this
work showed the rearrangenments occurred with other @therlﬁ“ and
sulfide*®? 1inkages. The use of dialkyllithium amides in
place of sodamide in ether solution gave neta tertiary em-
inesﬁlzé Lithium éietkyl&mi&& reacted with X~halogeno-naph-
thalenes to giv&Azpﬁi&tﬁyl&mim@n&pﬁﬁh&ien&;12? The yields dew
creased in the order of ¥ >Cl >Br. Urner anﬁ 3&rgatram123
observed a similsr resrrangement withfgn&hlﬁré ando{ ~bromo-
naphthalenes and potessium @miﬁa; but not withod-fluoronaph-
thalene., These results demonstrated that reérrangameﬁtg with
alkall amide types are not limited to aryl Qaiiﬁes in whiech
the halogen is ortho to ﬁa oXygen or sulfur 1inkaga. Subse-

120 showed that halogens ortho ﬁa dialkylamino

quent studies
groups underwent r%arrangem&nta

T2 Gilnen and Avakian, g, Al Chem. So¢., é?. 349 (1945).
125, Gilman and Hobis, ;@;g;,“g’,za??;flgasin

126. Kyle, ReHla, Ko S. Thesis, Iowa State College (1945).

127. Gilman, Crounse, Massie, Benkeser, and Sn&tz, Jde Am.
QhQXQQ &@GQ’ -—Z’ 31@6 (19&5}%

128. Urner and Bergstrom, &biﬁ,szg 2108 (1?&5).
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Derivetives of Amines

Few derivatives of tetrsdecylamine or hexadecylamine are

found in the litersture., Adam and ﬁyerlag prepared hexadecyl-
acetamide but geve no melting point. T&a&iaae&,ls& in a2 study

on hexadecylamine, prepared 2,4~dinitrophenylhexsdecylamine,
2. 4~dinitronaphthyl-l-hexadesylanine and 1,6,$~trinitroné§&*
thyl-2«hexedecylanine as derivetives of hexsdecoylamine. These
reactions, however, were run in a sesled tube and did not seem
to be good derivatizing reactions.

Ureas of tetradecylanmine and hexsdecylemine have been
prepared using ﬁit?ﬂﬁ?@&ally Hexadeeyl p~toluenesulfonanmide

131 The chloro-

has been mentioned in the patent iiﬁﬁfﬁt&?@;
acetanide of tetradecylamine was also mentioned in the patent
litersture, but no physical constants nor methods of prepara-
tion were givsn¢l32

Arnold and sa~warkera,l33 in & study of the resetion of
high-moleculer weight amines with carbon disuifide, prepared
dihexadecylthiourea. Surprisingly snough, neither the iso-
1397 Adem and Dyer, Je Gheds £0C., 127, 73 (1925).
130. Teunissen, Rec. trav. chim., 46, 208 [1927).

131. Schroeter, Cerman Patent, 634,687 (1936) /Chem. Zentr.,
II, 3947 (1936)7.

132. French Patent, 735,647 (1933) /Chenm. Zentr., I, 1224
(1933)7.

133, Arnold and co-workers, Ber., 7k, 1372 {1941).
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' eyvanates, isothlocysnates nor the aromabtic sulfonyl chlorides

have been used to derivatize tetradecyle and hexadecylamines.

2. High<iolecular Yeight Sulfur Compounds

guinoline Sulfides

No guincline sulfides containing long-chained sliohatic
groups have been deseribed in the literstures The genersl
method for the preparation of the lower alkyl or aromstic
guinoline sulfides involves the resction of an active halogeno-
guinoline with the sodium sslt of the mercapbtan or thiophenol
or the reaction of the sodium salt of the guinoline mercaptan

with an active halide.
Hydroxy Sulfides

Secondary ﬁyﬁr&xy sulfides have been prepared by the re-~
action of A~bromoketones with mercapians followed by the re-
duction of the ketone to the secondary alaahal.lgg The reac-
tion of merceptens with epoxides has not been extensively
gtudied with epoxides sbove ethylene oxide. It is well known
 that mercaptans and ethylene oxide give mereapto aleahala,ljs

and excess ebhylene oxide gives rise to aleohols of the type

*

I3%. Prelog, Uahn, Brauchii, &nd Beyerman, Helv. Chime. Acta.,
27, 1209 (1944) [Gohs, 4O, 848 (194617+

135. Nenitzescu and Scerlatescu, Ber., 68, 587 (1935).
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R‘»ﬁ*ﬁﬁzaﬁ2~iGGEEG§2}3~QG§EGHQQE, when n + 1 equals the number
of excess moles of ethylene axiﬁeﬁ136 Fpichlorohydrin and
mercaptans form compounds of the type Emﬁ*ﬁﬁéﬂﬁﬁﬁ@ﬁzsl; how-
ever, the alkall merceptides and epichlorohydrin at low teme
peratures gave the mercapto @pexiﬁe¢135*13? This reaction

has also been extended to cyclohexene oxide,

Imidosulfides

Imidosulfides have been prepared by the reaction of mere
capbens and thiophenols with nitriles in the presence of dry
hydrogen ehlariﬁe‘13g

Thickebones

The extreme ease of polymerization and very disagreeable
odors of thioketones contsining aliphatic grouns has limited
the study of these compounds. The chief methods of prepara-
tion are (&) the reactions of ketones with hydrogen sulfide;
{b)} the reaction of methylene halides and metal sulfides;

{c)} the reaction of ketonesg and phosphorus ganﬁasulfiﬁe*lBQ

I35, %‘awlgﬁ Patent, L37,590 (1934) [Chem. Zentr., I, 3019
1936}/« | |

| 137+ Gilman snd Voods, J. Am. Chem. Soc., 67, 1864 (1945).

138+ (&} Pimmer and ¥Kleln, Ber., 11, 762 {18728); (b} Auten-
rieth and Bruning, ibid, 36, 3464 (1903); (c) Condo, Hin-
%@l, ?aaa%ru, end Shriner, J. Ame. Chem. Soc., 59, 230
19371 . S

139. Cfe Gilman, "Orgenic Chemistry®, John Wiley and Sons,
3‘}1’0;; Hew YQI’K; g&?t-" fl?k&}, ?ﬁlw Ie Dw 92h.
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Mercurisls

Few orgenic mercury compounds containing sulfur have been

deseribed in the 1iteratar@t9§’iéﬂ‘$&i

The best known of
these derivatives is merthiolate [XIII), the sodium salt of

o-ethylmercurimercaptobenzoic acid, This compound wes first

CO0Na

(o,

(X111}
prepared by Vietht#® in a study of the reaction of orzenic
mercury compounds with mercaptens. It has proved to be one of
the %mtﬁz%r gesrmiaidestu‘*g
Merthiolate has also proved to be very gzood against tube
ercle hﬁcilli‘ggiggggg;ﬁg but elinical use has not been prom-

ising.ih3

3. ¥Hiscellaneous Compounds

Cinchoninic Acids

The chief methods of preparstion of einchoninie acids are

10, Vieth, Germen Patent, 399,904 (1925) [Chem. Zentr., I,
298 (1925)7. '

1b1. %umpfilﬁulla soc. chim., 9, 661 (1942} [C.4., 38, 2951
19641/ »

1L2. Powell and Jamison, &”‘%» _{ai E}ﬂ%ﬁg g‘l’ 296“}}-6 {1931}1

143+ {e)} Cummins, Lancet, 233, 962 {1937); (b} Mallick, Ali
and Singh, %u%eraia: g%%’sg {1937} Aéagatgg, 2&18’i193§1?ﬁ




the Doebner-v, Miller synﬁhesisl&ﬁ and the Pfitzinger syne
thesis. 42 mThe Doebner-v. Miller synthesis consistes of the
reaction of an smine, an aldehyde and pyruviec scid, The anil
derived from the amine and the sldehyde may also be used with
pyruvic acid, This method has the disadvantage that one-hslf
of the smine or anil is used for the oxidation of the dihydro=~
acid formed from the other half.

The Prfitzinger synthesis involves the reaction of isatin
or its derivatives with methyl ketones in besiec solution.
This method gzenerslly gives zood resulis if the desired iseatin
is available, but the difficulty of synthesis of these isatins
is often a limiting f&etar.lg&

Phenothiazine Derivatives

The chenistry of phenothiszine hes been given by Shir-

115 47 yost of the research has been coneerned

ley and Van Ess.
with substitution of the hydrogen on the nitrogen, and very
1ittle study has been directed toward substitution in the ring.
Scholl and Seerls8 prepared the mono- and di-phtheloyl deriva-
1L« Doebner and Y. Biller, Bers, 1k, 2812 {1881).

145. (a) Pritzinger, J. prakt chem., 100 {i&&é}* {b) Cf.
Buchman, J. ami Ehﬁm@ SoCw, 68, %%% {1946}« :

146, Sumpter, Chem. ReV., 3k, 393 (1944).

147. Van £§$,,?.&a, boctoral Dissertation, Jowa State College
(1936) .

148. Scholl and Seer, Ber., A4b, 1241 {1911},



tives by a Friedel-Cralfts reaction, but did not determine the

positions of the substituents.
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III. FEXPERIVERTAL

The starting materisls used in these investications were
conmercial produets of the hizghest purlty unless otherwise ine
dicated, and were used without further purification. The al-
kyl groups are the normal ﬁtr&igﬁtmﬁhﬁiﬂﬁﬂ groups. All of the
melting and boiling points are uncorrected.

Dibutyldodeeylamine, The dodecyl, tetradecyl and octa-

decyl bromides used in these investigations were prepared by
the reaetions of the elcohols with hydrobromic and sulfuric
aeids.lhg

A mixture of 49.8 2+ {0.2 mole) of dodecyl bromide and
51.6 z. (0.4 mole) of dibutylemine wes heated at a temperature
- of l@ﬁ»lSﬁa for ten hours snd, on eoolinz, the mixture formed
two layers.

The reaction nass was refluxed with two 150 ml. portions
of 10 percent sodium hydroxide for one hour. BSubsequent to
gaturation of the aqueous layer with sodium chloride, the
solution was extracted with ether, ?ﬁe.@ﬁhﬁreal solution was
dried over anhydrous potesssium csrbonate.

Distilletion of the ether and further distillation of the
residue on a water bath at 20-30 mm. gave 24.7 2. [(95%) of re-
covered dibutylamine, Fractionation of the residue zave L0.6
2. (68%) of & slightly yellow liquid; b.p. 158-160° (3.0 mm.);

53§7"§kmm{?aa WMarvel, Orzenic Syntheses, Coll. Yol. I, 29,
(1944) . S '
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Anale Caleds for 32@ﬁ&3§: Ny Le71le Pound: N, L.76.

0480733 ¥R caled., 98.52; found, 98.32,

Diﬁutyl%etfaﬁeﬁylﬁmine* This preparation followed the

procedure described for the dodecyl homologue {p. 48). From
55.h 2+ (0.2 mole) of tetradecyl bromide and 51.6 z. {0sh mole)
of dibutylamine hested at 1&Q*1§GQ for ten hours, there was
recovered 23.8 z. {92%) of dibutylamine. Trectionation of the
residue yielded 49.5 g+ (76%) of a colorless liguid; b.p. 178«

180° {340 mme); ﬁzg 144803 ﬁzﬁ 0.80L63 ¥R oaled., 107.8:

20
found, 108.1.
Anal« Calcd, fTor sgzﬁi}?ﬁi ﬂg l?lBla Found: g,‘, £4-~ié20

Dibuﬁylhexaﬂ&aylamiaﬁ‘ This preperation followed the

procedure described for the dodecyl homologue {pe. 48). From

150
61 z« (0«2 mole) of hexadecyl br@miﬁels

and 51«6 2« (0s4 mole)
of dibutylamine heated at 1&G~155G’f0r ten hours, there was
recovered 18.7 z. {72%) of dibutylamine. Distillation of the
residue yielded 56.8 g. {81%) of a ocolorless opaque liquid;
bype 203=205° (4.0 mm.); agg 1.45003 azg 0.8150; MR calcd.,
117.0; found, 116.h.

Anale. Caled. for gﬁgﬁﬁl : Ny 3.97. PFound: N, L4.0l.

Dibutyloctadecylamine, This preparstion followed the

procedure deseribed for the dodecyl homologue (p., L8). Fraom
50 go (0415 mole) of oectadecyl bromide and 38.7 g. (0.3 mole)
of dibuitylamine heated at lkﬁ»lﬁﬁg for ten hours, there was

150, This materiel was obtained from Fdwal Laboratories, Chic-
ago, Illinois, and the fraction distilling at 1L7-150
(3.0 mm.) was used in this preparation.



recovered 18 g. {93%) of dibutylamine. ¥Fractionation of the
residue geve 45 . {79%) of & colorless liquid; b.D. 26&»2@?3
(3.0 mm.); n°) 1.4513; agg 0.8192; MR ocaled., 126.2; found,
125.3« This graéu&t became turbid on standinge

Anasl. Caled. for C_H N: N, 3.68. Found: N, 3.88.
- 26 55 151

Dibutylaminomethyl butyl ether. To a well stirred

mixture of 222 g. (3.0 moles) of butenolel and 210 z. (1.63
moles) of dibubtylamine was slowly edded 45 2. {1.5 moles) of
paraformaldehyde,. After thirty minutes the solution cleared
up and then became cloudy, indicating the presence of water.
The mixture was stirred for an additional hour, and then 75 z.
éf anhydrous potassiun carbonate was added after which the
mixture was stirred for twenty-Tour hours.

The liguid was decanted from the potassium cerbonate, and
the s80lid was washed with 150 mle. of snhydrous ether The
ether weshings were added to the decanted liquid, and the mix-
ture distilled, After removal of the sther, distillation of
the residue yielded 281 g. {83%) of a colorless liguid; Dbaps
85-86° (0,15 mm.); n°p 1.4310, Stewart and Bradley sive the
boiling point as 116° {11 mne) but give no yvield and no other
physical constants.

Dibutyltridecylemine. This preparation followed the meth-

od of Robinson and Embinaaa.lgg Dodecylmagnesiun bromide was

prepared in 77% yield from 50 g+ {0«2 mole) of dodecyl bromide

151, Stewart and Bradley, Js» ane Chem. Soc., 54, 4177 (1932).



and 5 ge {0421 2o aton} of magnesium turnings in 200 ml. of
anhydrous ether., The resction was slow in startins.

To the well=-stirred filtered Grignard solution (0,153
nole} was slowly added 32.2 2« {0.14 mole) of dibutylaninos
methyl butyl ether. Reaction wes gulite vigorous, and when ade
dition waes complete, the mixture was refluxed for thirty min-
utes and allowed to stand for twenty~four hours. The mixture
was filtered, and the ether removed by distillation. The res-
idue would not distll at a bath temperature of 2?50‘at 1.2
fe

The mixture was taken up in 100 ml, of ether, and 30 ml.
of 6} hydrochloric acid was added with thorouzh sheking. Fife
ty milliliters of water wes added, and the two layers were
separated, The agueour Jayer was then extracted with two 100
ml. portions of ether, and the ethereal extracts were combined
and dried over potassium hydroxide.

Removal of the sther and distillation of the residue
yielded 22.7 ge (52%) of a colorless liquid; bap. 1h4-148°
{035 rmma )3 n?g 14485, A portion was redistilled for ansle
ysis; baps 120-122° (0.1 mue); %) 1.448; a5) 0.809; IR caled.,
103.2; Tound, 102.9. |

Anal. Caled. Tor cgigaﬁz: N, L«50. Yound: H, 5,12.

Dibutvltridecylmethviammoniumiodide. This methlodide was

prepared by refluxing a solution of the amine in methyl iodide
for four hours. After removal of the execess methyl iodide,

gddition of anhydrous ebther zave an oil which on standing in



wﬁ%m

the iecebox for forty-elaht hours formed white plates. This
produet was filtered and washed twice with anhydrous etier to
give wiilte plates, pelting st 52. Q~§ﬁ4§ »

ansl. Caled. Tor € H SI: I, 28.04. round: I, 28.03.

Oeotadecyl Chloride. Thie compound was obtained in 87

percent yield from octadecyl aleochol and thionyl chloride. It
was found necessary to purify the thilonyl chloride by distile

letion from quinoline and then linseed ailiﬁg sinece the use of
Eastmen practiesl grede thionyl chlorids gave an unresolvable

mizxture of asleohol and chloride.

?ria@t&éa&gl&miﬂeﬁgg A mixture of 26 2. (0.09 mole) of

dioctadecyl emine and 8 g. {(0.028 nole) of cctedecyl chloride
was heated at 175-180° for eight hours. The mixture was then
poured iﬁtﬂ a casserole and allowed to ¢ool overnight

The mixture was ipely powdered under anhydrous sther
three times, being filtered after each powdering. ‘The residue
was then extracted for twelve hours in s Soxhlet extractor
with ether. Subseguent to drying there was obtained 12 g. of
dicctadecylomine hydrochloride, m.p. 174-176%,

The etheresl extrsots were combined and afiter distiliaw
tion of the sther, the residue was heated with 250 ml. of one
percent potassium hydroxide in Tifty percent ethanol for one

hour. Heorystallization from ebthyl acetate zave 17.1 g. of

107 HeCorkie, Feke, DOCLOTEL Dissertetion, Jowa State Colleze
{1938).

153+ Fieser, "ixperiments in Organic Chemistry™, Heath and
Company, Hew York, (1941}, Part II, p. 381,
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material melting at 45-55°,

This product was suspended in 200 ml. of hot sbsolute
ethanol and anhydrous hydrogen chloride zas passed into the
mixture, all of the materlal going into solution. After the
addition of three grams of Horite, the mixture was healed to
reflux, and Tiltered, Cooling and Tiltration gave lh.6 7. of
erude trioetadecylamine hydrochloride, m.ps 92-93%, Another
ethanol-Horite treastnent geve 12.8 g. (58%) of trioetadecyl-
emine hydrochloride, m.ps 95,559,

This hydrochloride vas refluxed with two 100 ml. portions
of 5 percent potassiws hydroxide in 50 percent sgueous ebthanol.
The resldue was reerystallized twiece from ethyl acetate to
give 10,1 g. (52%) of trioctadecylamine, map. 53-54°.
127

RChloronaphthalene and Lithium Diethvlenide. In a

aitrogen stnosphere, lithium diethylamide was prepsred in ether
by the reactlon of 1843 . [0.25 mole) of diethylamine in 100
ml. of ether with 0.2 mole of methyvilithium in 100 ml. of
ether, Then 32.6 g+ (0.2 mole} of g-chloronaphihalene in 75
nl. of ether was sdded, asnd the mixture wes stirred and re-
fluxed for twenty-four hours, The color changes in the nixe
ture during reasction were fron brown to green to brovnlsheyvele
low, and & small smount of solid formed. Subseguent to hy=
drolysis by dilute hydrochloriec acld, the sther layer was eXx-
tracted with dilube hydrochloric acid,. Prom the elher layer

sfter drying over enhydrous sodium sulfate there was obtained
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and 9 . {2750} of recovered A-chlorcnaphthelene which wes
identified by & mixed pelting point determination of 1its piow
rate with an suthentic specioen of the pilerats., From the hy=
drochloric geild solutione, submecuent to belns mede alkaline
by sodium hydroxide solution, there was obismined & crude yield
of 1343 2. {33%) Qw\W5&w@ww%wﬁﬁwwmmmeﬂmwwmwmwmr whiech on re-~
distillation yielded 10.0 g« {27%) of pure product. Identi-
fication was completed by formation of the sym-trinitrobenzene
‘complex wihich melted ab 114~115° snd showed no depression in
155

S-Bromonephthelene snd Lithius wwwwwwwwﬁwwmswmq By & pro-

mized melting point with an autientie specimen.

cedure siuilar to the previous preparation, from Llek Ze (D2

mole) of A=bromonaphthalene and 0.2 mole of lithium diethyle
gmide, there was isolated and identified, 2.2 gz. {8.5%) of
naphthalens, 10 g« (24%) of X~bromonaphthalene and 10.5 g
{272} ofZ-disthylaninoraphthalene.

In & sisilar resction in wiaieh the mixture wos refluxed
for six hours and then carbonated there was obtained s very
small amouant of a solid  soluadble in base, but this product

eould not be identilfisd.

-Fluoronaphthalene and Lithium Diethylamides'?! Under con-

2,

S
ditions corresponding to that described for X-chloronapbthal-

15L. This compound was also prepared in 71% yield by the method
of Morgen, J. Chep. Bov., 77, 823 (1900) from the reaction
ﬁwmwwwmwwﬁwwwmﬁmmwﬁ ethyl i1odlde and sodium aydroxide in
g seslaed tube at 130«1407 for seven hours.

1554 Hibbert and Sudborough, J. Chem. S0v., 83, 1340 (1903).
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ene, there was obtained from 25.8 g. (0.18 mole) of X-fluoro~
naphthalene and 0.2 mole of lithium diethylamide, 1li.3 a.

{ L05) afAgsﬁi&thylamiﬁaﬁﬁyﬁtﬁalﬁne and 6.2 g. of a mixture of
what appeered to be naphthslene and (~fluoronaphthalene (whilch
have essentislly the same boilingz points).

E-Bromonsphthalene and Lithium Didodecylamide. The dido-

decyl amine used in this experiment melted at 54-55° and was
obbained from Armour & Co., Chiecago, I1les A nitrogen atmos-
phere was paintained,

To 8.1 ge {(0.083 mole) of didodecylanine dissolved in 100
mle of anhydrous ether was added with stirrinz 0.023 mole of
methyllithius in 25 ml, of sther. Resoction was vigorous, and
thie solution turned milky white. After two and one-~half hours

. 56
of refluxing, color test 215

was negative and eolor test wis?
was positive,

A4 solubtion of L2 £+ {0.02 pole) of o ~bromonaphthalene in
20 ml. of enhydrous ether was added and the mixture refluxed.
After twelve hours the mizture was green. After twenty-four
hours tﬁé‘ﬁixta?ﬁ’%&$ browvnish=-yellow, and color test IV was
negative.

The mixture was poured into 100 ml. of water, and the

layers separated. The aqueous layer was extrected with 50 ml.

156, Gilnen and SCHULZE, Je Afe Chems S0C., L7, 2002 (1925).
157 Gilman and Woods, ibid, 65, 33 (1943).
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of etheyr, and the etheresl extracts were combined and dried
over potassium carbvonate.

After distillation of the etner, fractionation of ithe
residue geve 1 g+ (24%) of «(~bromonaphthalene, identified by
mixed meps of picrate, 2.9 g« (35%) of didodecylamine, identi-
fied by mixed meDe (54-55°), and 5 g. of brown 1iquid; be.p.
230-250° (0,05-0410 mm.}; 129 1.5145.

This brown liquid was redistilled to give 4.5 g. (L2%) of
brown liquid; bap. 215-220° (0.05 mm.); 220-240° (0,10 mm.);
nzg 1.5155. The boiling poiht appeared to be guite dependent
on the hath temperature.

The produet 4id not form a pierate nor a 1,3,5-trinitro-
benzens addition gréﬁuét. sttenpts 8t counling the vroduct

158 WEre Ulle

with penitrobenzenediazonium chloride in acetone
successlule

?iv&*tﬁ§$h$ grame {0.001 nmole) of the product was dis~
solved in 5 ml. of ether, and 0.00h rnole of ethereal ﬁﬁﬁr@gﬁa
ahlaride was added. The ether was then removed, and the resie-
due taken up in 3 ml. of ethyl acetste. After two recrystale-
lizations from ebhyl scetate, the product softened ab ﬁ?ﬂ,
melted st ?Qw9l$¢ 4 mized nmelting point sample with an authe=
entic specimen QfAﬁ*ﬁi@ﬂﬁﬁeylﬁmin@m&ph%hﬁlﬁné hydrochloride
{meDe 94=95%), melted at @3”?&9,
: /li-Dodecylaminonapnthalene. A mixture of 43 g. (0.3

nole} @fﬁgnnaphtﬁyl&minﬁ and 25 g. {0.1 mole) of dodecyl bro-
158, Hdickinbottom &nd Lambert, J« Chem. Soc., 1384 (1939).
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mide in 60 ml. of absolute ethenol was zently refluxed on an
0il bath for 24 hours, all of the material going into solution.
The excess ethanol was yemoved under reduced pressure, and the
80114 extracted repsatedly with 600 ml. of ether. 7The mirture
was filtered, the ether removed and the preclipitate extracted
with the condensed ether. There was left 20 2. oF 20lid nate-
erial iprab&hly,gfnayﬁthylamiﬁé hydrochloride).

Hemoval of the ether and distillstion of the residue gave
the following frections: (1) 14 2., Dede 115-122° {06 1ine}}
s0lidifyinz to a white product, m.ps 107-1097; mixed m.p. with
suthentic A-naphthylamine, 109=110"; (2} 28.1 2., baps 184-225°
(0.07=0.4 mm.), solidifying to & brownish product, m.p. 39-42°,

keerystallization of fraction 2 from 65 ml. of 95 perecent
ethanol gave 26.1 z. [(839) of & white solid, melting at &lw&Bm*
B=li-Dodecylaninonaphthalene has been reported to melt at 4l-
130,179

-1, i-Didodecylaminonaphtialene, A mixture of 26 g.

{0.0836 mole) af,é¥§~ﬁ$ﬁeﬂylamiﬁmna@h%%ﬁi@ﬁ%; 21 p. (0.0836
mole) of dodeeyl bromide and 10 z. of anhydrous sgodiun carbone-
ate in 120 ml. of 95 percent ethanol was refluxed for forty-
five hours. A portion of the etbanol wae renoved under reée
duced pressure and s solution of 10 gz of anhydrous sodium care
bonate in 100 ml. of weter was added, The mixture was refluxed
twenty minutes and cooled.s

The mixture was erxdracted with 200 nl. of sther in thryee

159, Butterworith and ey, ibid, 388 (1940).
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portions. The ethereal extracts were coubined and washed with
water until neutral. Twenty-Tlve niliiliters of ether was
added, and the elnhereal extracts were dried over anhydrous
potassiune carbonate,

After yemoval of the ether, distillation of the residue
gave the following fractions: (1) 9 Zs, DaDe ?&w?éﬁ (0.7 mmal)s
(2) 1240 2e, Dape 203-230° (0.7 mme}; (3) 18.0 e, Dops 260=
276° (0.8 mm.); partially solidifyinz on cooling.

Redistillation of rrection 3 gave the following fractions:
(8) 244 5., bape 196-235° (0.3 mm.) and (b) 15.1 g. (37%),
bups 255-260° (0.5 mma)3 %0 1.5310; aZ0 0.911.

Anals Caled. for ﬂ3&§5?§; W, 2.92. round: N, 3.17.

whe hydrochloride was prepared in ether from 3 z. {0.006
mole) of fraction {b) and 0.011 mole of ethereal hydrozen
chloride. after recryestallization from ethyl scetate, 2.1 £.
of white produst was obtained, melting at §gm9§a¢

Ansl. Caled, Tor ﬁBkﬁggﬁﬁlz €1, 6.88. ¥ound: (1,

701 and 7.06.
-2~Chlorophenyl Dodecyl Tther and Lithium Diethylamide.

The g~chlorophenyl dodecyl ether was kindly furnished by L. F.
Cason and had the following aaﬁﬁt&aﬁst DaDe 165=-166° {05 mme);
nzg 1449604

Lithiwn diethylanide was prepared in a nitrogen atnogf-
phere from 6 2. {0.08 mole) of diethylamine and 0.074 mole of
methyllithium in 100 ml. of ether., Yhen resction was cn@pleta

{negative color test I}, 21 g. (0.072 mole) of g&~chlorophenyl



o5 G e

dodecyl ether in 25 ml, of ether was added. The milhyewhite

mixztore turned slightly yellow. The mixture was refluxed for
24 hours snd became nore yvyellow. O0n cooling, s so0lid settled
out. |

Thie product was poured into 100 ml. of water, shaken
well, 50 ml. of concentrated hydroechloric weid added and the
resulting mixture shaken again. Very little color passed into
the acid layer. The ether layer vas extracted again with 90
mle of Lit hydrochloric acid. The etheresl layer was washed
with water and 10% sodiur nydroxide solution and dried over
anhydrous potassium carbonate (Solution I).

The combined acid extracts were made basic with 20 PET
cent sodiuwn hydroxide solution but very 11tile o1l aprpesred.
The solution was extracted wlth ether, snd éh@ ethereal layer
dried over anhydrous sodiwn sulfste {Solution II). Removal of
the ether gave & few drops of an oil, but this produect would
not form a piorste.

Pagsage of anhydrous hydrozen chloride gzas into a sanple
of the dried etheresl solution (I} d4id not zive & precipitate.

Distillation of the residue after removel of the etler
from Solution I gave the following frections: {1} 8.9 g, h.p;
155-175% (0.7 mma); 023 1449393 (2) 5.3 ey bape 175-2907 (0.7
mna) s 620 1.50053 (3) 245 2e, Deve 180-188° (0.5 mma); n?y
1.50L9. The residue {1.5 £.) was dissolved in ethanol but 4id
not form & plerates

whe shove fraciions were oonmbined and redistilled to zive
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the following fractions: (a) 7.8 2., DaDs 155-164° (0.7 mma)
and 175-190% (0.7 mm.); n%D 1.5009; (b) 7.0 e, bede 164=174°
(0.7 mma); 0%0 1.4951. This amount (14.8 z.) is a 68 percent
TECOVETY .

Parification of Tetradecylamine. Two hundred grams of
160

erude tetradecylanine was dissolved in 250 ml. of absolute
ethanol with heating, %&%'mixxﬂre was then cooled and after

the addition of 150 nl. of concentrated hydrochloric secld it

was chilled to 09,

The precipitate wae filtered and washed with anhydrous

ether to give 185 g. (89%) of tetradecylamine hydroehloride.

| To g suspension of fifty grame of the hydrociloride in
500 ml. of ether was added 100 z. of ice and & cool solution
of 50 z. of sodiun hydrozide in 200 ml. of water. The mixture
wes shaken until the ice melied, 'The agueous layer was eXe
trected with 100 ml. of ether, the ethersal solutions combined,
washed with water and dried over sodium hydroxide.

The ether was removed by distilletion, and the residue
distilled to give 36 g. (85%) of o colorless liguid; b.p. 100«
101° (0.15 mm.), solidifying %o a solid melting at 36-37°%.

The melting point of tetredecylanine nas been reported to he
370,161 |

Purificetion of Hexadeevlamine, Two hundred grams of

1560, Theso amines were obtained from Armour & Co., Chicago,
Illinois.

161. Krafft, Ber., 23, 2361 (1890).
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99% haxaﬁecyl&miﬁ@léﬁ was dissclved in 500 ml. of warnm absol-
ute ethanol, To the ecooled solution wagcaééaé 150 ml. of con
centreted hydroehloric acid and the resulting mixture was
ehilled to 0°, Filtration and alr-drying gave a quantitative
yvield {232 g.} of hexadecylanine hydrochloride.

FPiTty grams of the hydroehloride was decomposed as degw
eribed under tetradecylamine., There was obtained 29.5 2.
{69%) of hexadeeylamine: b.D. 120-130° (0,25 Hile )} MeDe 47=
aﬁo, The vreported melting point of this compound is &ﬁ*&’a 162

Harber hss emphasized the basicity of these amines and
the subseguent precautions neeccasary in the prepsration of
their derivetives. Consequently, these amines were kept in
tizhtly stonpered bottles and had the minimum exposurs Bo
molsture and earbon dioxide.

NyNt-Ditetradecyloxalanide. 7To a wermed solntion of & &.

{0,027 nmolej of ethyl oxalate in 35 ml. of 95 percent ethanol
wes added with vigorous ebirring a solution of 10.7 z. {0.05
mole) of tetradecylamine in 35 ml. of 95 percent ethanol. Pre-
cipitation oceurred wvery aquiekly. Thirty-five milliliters of
95 percent ethanol was added, éﬁé the mixture stirred for fif-
tecn ninubes longer. The product was cooled and Filtered.

The ernde product was recrystallized from netroleum ether
{(bepas, 77-115°) to give 9.3 g. (79%) of white plates, melting
at 118-119%. rurther recrystallization did not ehange the

melting point.

162, Krafll and Leye, Defe, Lo, 912 (m?@}.
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Anal. Caled. for asgﬁéﬁegﬁg: N, 5.83. Found: N, 5.55.

HyNt~Dihexadecyloxalamide. To a warmed solution of 4 g.

{0.027 nole) of ethyl oxalate in 35 ml. of 95 percent ethanol
wag added with vigorous stirring a solution of 12.1 z. (0.05
‘mole) of hexadecylamine in 35 ml. of 95 percent ethanol. Pree
cipitation was lmmediate. Thirty-five milliliters of 95 perw
cent ethanol wes added, end the mixture stirred for fifteen
minutes longer. The nixture was cooled and Tiltered.

The crude produet was recrystallized from petroleum ether
{beDe, 772157} to zive 11.7 2. {87%) of & white solid, melt=
ing at 11?~1203. Purther recrysiallization 4id not chanze the
melting point.

'gggg. Caled. for Cq HgaOoNa: W, 5.22. Found: K, 5.6l

ﬁ,ﬁ‘mﬁitatraéﬁeylthiaar@ag To a solution of 10.7 z. {005

nole} of tetradecylamine in 50 ml. of absolute ethanol was
gdded a solution of 4.2 g» (04055 mole) of freshly distilled
carbon disulfide in absolube ethanole. 4 vizorous reaction
occurred imnedistely, and the mixturs set solid. The mixiture
was refluxed for L& hours and solidified on cooling. The eth=-
anol was removed under reduced pressure On the steam dbathe
After cooling there remained 10.7 g« (92%) of a light cream
solid, softening at 7?6, melting &t ?Sw?§$; Recrystallization
from absolute ethanol gave 9.3 gZ. (81%) of & white solid,
melting at 80-81%, rurther recrystallization 4id not change
the meliting point.

Anals Caled. for $2§ﬁ$@§~“: N, 6,00, round: N, 6.05.
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N Ht'-Dihexadecylihiourea, To a solution of 12.1 g+ {0.05

mole} of hexadecylamine in 50 ml. of absolute ethanol was added
a solution of L.2 g« {0.055 mole} of freshly distilled carbon
disulfide in absolute ethanol, A vigorous resction took place
at once, and the mixture set solid. The nixture was r@fluxad
for 48 hours and solidified on coalinz. The ethanol was re-
moved under reduced pressure on the steam bethe The crude reg-
idue was reecrystallized from absolute ethanol to give 13 Z.
{quantitetive) of material melting at 85-86%, Recrystallization
from absolute ethanol zave & white s0lid melting at 8?~88g¢

Anale Caled. for 633ﬁé8§33: By, 5e34La quni;g H, 5.29.
This product has been reported to melt at 88-29%,""

N~Tetradecyl-N'=phenylthiourea. To 5.4 2. (0.025 mole)

of molten tetradecylamine in & 125 ml. Irlenmeyer flask was
added 3.7 g. (0,0255 mole}) of phenyl isothiocyanate. HReaotion
was Inmmediste and exothermie, and the yellowish liquid whieh
formed solidified on cooling. The product was allowed to
stand for 24 hours, There was obtained 7.5 g. (86%) of white
plates melting at 7aw7za. The material was recrystallized to
constant melting point, 7735~78§¢ Trom absolute ethanol.

Anal. Caled. for aglﬁjéﬁgﬁz S, 9«22. Tound: 8, 8.96.

l-Hexadecyl=Nt-phenylthiourea. To0 6.1 2. (0.025 mole) of

molten hezxadecylamine in a 125 ml. Erlenmeyer flask was added
3.7 2« (0.0255 mole) of phenyl isothiocyanate. The reaction
was immediaste and exothermic, snd the yellowish ligquid whieh

formed solidified on cooling. The produet was allowed to
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stand for 24 hours. There was obtained 2,9 g. (94%) of a

wnite solid meltinz at ?ﬁm??g* The material was reerystellized

to a comsbtent melting point of 22-82.5° from absolute ethanol.
Apal. Caleds Tor UpaH, oN,S8: 8, 8.50. Found: 8, #.51.

HeTetradecylurea. A finely ground mizture of 26,0 g

{0.105 mole) of tetradecvlianine hy@rochloride and 16,2 2. (0.2
mole} of potassiunm cryanate in 500 ml. of 95 percent ethanol
was evapdrated to dryness in a large evaporating dish., The
residue was powdered end heated for thirty minutes with 800
ml. of absolute ethanol and fi&ﬁﬂr@ﬁ ot from the potessium
ehloride. The filtrate was cooled in the lce«box.

riltretion end drying gave 22,5 2. {88%) of meterial
melting ab llg*llgan Reerystallizetion frou ethanol d4id not
chenge the melting point. This product has been prayar&ﬁll?
from nitroures and tetradecylanmine and melted at 114e5%

N-Hexadecylures. 4 Tinely ground mixture of 28,8 g. (0.1

mole) of hexsdeecylamine hydrochloride and 15642 zZ. (0.2 nole) of
potassivn eyanate in 500 nl. of 95 percent ethanol was evapor-
gted to dryness in a larze evaporating dish, The r&&iﬁu&‘waﬁ
powdered and neated for thirty minutes with 800 nl. of absolute
ethanol. The produst wes flltered hot Ifrom the potassium chlors
ide, snd the filtrate wans cooled in the ico~boxX.

Filtration and drying save 2643 g8« (92} of product,
melting at 106~107°. Recrystallization frow ethenol 4id not
change the melting polnte Thils product has been gr@pareﬁll?

from nitrourea and hexadecylamine and melted st 108.5%,
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He ~Tetradeeylbenzenesulfonamide. To L3 g. {0.02 mole)

of tetradecylamine in a 125 ml. Irlenmeyer flask was added L0
wl. of warm {40%) 15 percent potassium hydroxide solution and
5.3 e (0,03 mole) of benzenesulfonyl ehloride in two portions.
. The flask was stoppered and shsken vigorously after esch addi-
tion of the acid chloride, The reaction mixture became warm
and at the end of the shaking there was no ofor of unchanged
benzenesulTonyl chlorides. The partially saiiéifie& mixture was
poured into 4O ml. of water and warmed, An excess of hydroe-
chloric acid was added, and the mass cooled below room temper=-
ature. Tae materisl solidified and was Tiltered, washsd with
water and dried to give 6.9 g. of white product, meltingz at
60~62°, The product was reerystallized Trom absolute ethanol
to give 5.5 g (79%) of white crystals, melting at 65-66°,

An analytical sample orystallized from methanol as white
needles, melting at 66-67°%,

aAnale Caled. for §23ﬁ3532§§: S, 9.06. Found: &, 8.86.

N-Hexudecylbenzenesulfonamlide. TO Le8 z. {0.02 mole} of

hexsdecylamine in e 125 ml. Urlenmeyer flask was added 50 ml.
of warm (50°) 15 percent potessium hydroxide, and the mixture
was warned to 60%, To this warm solution was added 5.3 g.
{0.,03 mole} of benzenesulfonyl chloride in thres portions,
Yhe reasction mixture became very wars and at the end of the
shaking there was no odor of unchanged bﬁnxaﬂeaalfaﬁyl CR1OY-
ide. The partislly solldified mixture was poured into 50 ml.

of water, a s01id precipitating. "The solution was made acid
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with hydroehloric scid, stirred well, flltered and washed with
water.

The wet precinitate was recrystallized from methanol to
give 7.0 2. {924) of white fatty erystels, melting st 7Q~7IQ.
Recrystallization from methanol 4id nol shange the melting
point.

Apel. Caleds for O, H,q0.08: S, 8.40. Found: S, 84264

S5«Hitro=6=quinolyl Methyl Sulfide. To 2 g. (0.0096 mole)

of S5-nitro-b-chloroquinoline dissolved in 25 ml. of methyl
cellosolve at room tempersture was added dropwise 0.012 mole
of sodium methyl mereaptide in 15 ml, of methyl cellosolve in
a nitrozen stmosphere., The mixture became yellow, and as re-
actlion proeceeded, & solid precipitated. The mixture was
stirred for an hour at room tempersture and then poured into
250 ml. of water. The vellow precipitate was allowed to stund
for an hour, filtered snd dried to zive 2.0 z. {94%) of yellow
erystals, melting at 138~139a. Recryetallization from 600 ml.
of petroleun ether (baDs, 6&»&86} zave 1.85 z. of vellow oryse
tals, melting abt 138.5~139°%

When this resction was run at the relflux temperature of
methyl cellosolve, the mixbure became very dark and only 0.3
g« of product, melting at lBéul}%ﬁ was obtained from 2 z. of
Senitro=fe-chloroguinoline.

Ansl. Caled, Tor CypH 0,N,8: S, 1455, Tound: 8,
1he53.



5-Hitro-6-guinolyl Dodecyl Sulfide. ™o a solution of 10

£e {0,048 mole) of S5-nitro~t-chlorocuinoline in 100 ml. of
methyl cellosolve was glowly added & cooled solution of sodium
dodecyl mercaptide, prepared from l.l z. {0.048 z. atom) of

163 in 60

sodium and 9.8 zZ. (0.048 mole} of dodecyl mercaptan
ml. of methyl cellosolve. This resction was run in an atnose
phere of ni%ragaﬁg

As addition proceedsd the mixture warmed up and became
eloudy with férma%ian of salt. The mixture wes stirred at
rasm,t&mpératur@ for two and three~guarter hours and then
heated at 60-65° for two hours. ?he §ra@uct was poured into
600 ml. of water with stirrins. riltration was dirfficult so
the nmixiture was made slightly aeld with acetic acid, after which
filtration was easier, Dryving gave 17.2 z. (95%) of vellow
material, softening at &la, melting et AE»@BQi Recrystallizaw
tion from 200 ml. of methanol zave 1h.7 2. {80%) of vellow
crystals, melting st a@~g5°* Turther recrystallization did
not reise the melting point.

Anal. Caled. for CpyH,,0.N.8: S, 8.56. Yound: S,
8450,

When this resction wes run st the reflux tempersture of
ethanol, a mixture was obtained whieh could not be purified.

S-imino=6-quinolyl Dodecyl Sulfide. Fourteen and seven~

163. The dodecyl, tetradecyl and hexadeeyl mercaptans used in
thege investlgetions were obtained f{rom Connecticut Hard
Rubber {o., New Haven, Conn. The dodecyl and tetradecyl
mercaptans were purified by L. ¥. Ceson.



tenths zrams {0.038 wmole) of S5-nitro~6-cuinolyl dodecvl gule
fide was dissolved in 200 ml, of absolute ethanol, one teamspoon
of Raner ﬁiakélléa'was added and the nmixture shaken under 60
pounds pressure of hydrogen. Reduction was very slow requir-
ing 8% hours.

The nickel was filtered off, the ethanol removed under
reduced pressure and the residue washed with 25 ml. of netro-
leun ether, {(baDs, 6Q~63Q§ to zive 1042 z. {76%) of yellow pro-
duet, melting at 59-60°. Recrystallization from petroleun
gther {(baD., 6&»é$ﬁi 4id not change the melting point,

Anale. Caled. for Capflyel8: 8, 2.30. round: S, 9.02.

S=icetenido=b=guinolyl Podecyl ﬁalfiéeglé5 One gram

{0.002 mole} of 5§nitr$«6mgaia®3yl dodecyl sulfids was dis-
golved in 5 ml. of glacisl acctic asecid, and the solution heated
Just to reflux. éﬁ& and Tive-tenths ml. (0015 mole} of acete
ic anhydride was added, and the mixture refluzed for {ifteen
minutes, poured into wat@?,anﬁ allowed to stend for three
hours. Filtration and drying zeve 0.9 zZ. {3?&) of white mate
erinl melting at llﬁwl&ﬁu, The product was recrystallizesd

from sbsolute ethanol to a constant melting point of l21»1229;

spals Caled. fOr UggHy, ON,S: 5, 842%. FPound: 3, 8.21.

T8, Tozinzo, Organic gyntheses, 21, 15 {1941).

165, The nere acetamlido is used 1n accordance with the nomenw
clature recommended by Chemicals Abstracts, (1945). The
name, acetsmino, however, is more commonly used.




Segtiydroxybenzylidenesmino-b-guinolyl Dodecyl Sulfide

{attenpted). A mixture of 0.33 z. {0.0027 mole) of salicyl-

aldehyde and one gram (0.0027 mole) of S-amino=-b-quinolyl do-
deecyl sulfide in 6 nl. of absolute ethanol wes refluxed for
one hour and then allowed to cool in ice for four hours. No
grystaellization occurred. ‘The ethanol was removed under re-
duced pressure and the thick oil chilled, but no erystalliza-
tion occurred. Three milliliters of methanol was added, and
the mixture placed in the ice-box for twelve hours, wherein
crystallization occurred. Filtration gave 0.3 z. of product,
TeDs 59-60°, mixed m.p. with starting amine, 59-60°. Three~
tenths grams more of product was obbtalned, melting at 59-60°,
Ho evidence of reaction was obtained,
5={2%,5-Dimethylpyrryl)-6=quinolyl Dodeeyl Sulfide {at-

tempted., HMethod A. This preparation followed the method of
166

Hezelwood, Huzhes, and Lions. A mixture of 0,31 g. (0.0027
mole} ol acetonylacetone, one gram {0,0027 mole) of S5-amince
f=~guinolyl dodecyl sulfide, five ml. of absclute ethanol and
eleven drops of zlscisl scetic acid was refluxed for four hoursS.
The mixture was then chilled for two hours, but no crystalli-
zation occurred. Tﬁa mizture was poured into 250 ml. of cold
water with stirring, and the product slowly efystalliz@d. Al -
ter standing in the ice~box for twenty-four hours, filtration

and drying seve 0.9 g. of recovered starting amine (mixed m.ps,

166, Hazelwood, Hughes, Liﬁnﬁ, and comworkera, Jd. Proce. ROV
1‘53%)_7.

Soc. HaS. sales, 71, 92 {1937) [C.h., 32, 1895 (
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59=60)

Another run using 2.31 g. {0.02 mole) of acetonylacetone,
one gram {0.,0027 mole) of asmihe, Tive ml, of absolute ethanol
and eleven &repg of gzlacisl acetic acid also gave 0.8 z. of
recovered starting anine {(mixed m.D.)e

¥ethod B. Two greams {0.0054 mole) of S-amino-beguinolyl
dodecyl sulfide anﬁ 2 2« {(0.017 mole) of acetonylacetone were
mixed together and heated to 100%, all of the material going
into solution. Approximately one~hslf drop of concentrated
hydrochloric acid was added and s small amount of a yellow pre-
cipitate formed. The mixture was hested at 11sw1239 for two
hours and then the temperature was raised t@-lﬁﬁ»iéﬁﬁ for one
hour, and then to 160-180° for an sdditional hour. The mixze
ture was cooled and poured into water, an oil fmr&iag wnieh
slowly solidified. The product was allowed to stand for twelve
hours. Attempts to recrysiallize the solid {after decantation
of the water) from methanol or petrolsum ether (DeD., 60~68°)
were unsuccessful. The product derkened on standing and was
then taken up iﬁ 350 mle of ether and dried over anhydrous
sodium sulfate.

Removal of the ether left an o0il whiech would not solidify
on echilling. attempts to prepare s picrate were unsuccsssful.

5-{€~TIsopropylaninopentylanino) -b6=quinolyl Dodecyl Sule

fide Hydrochloride {attempted). ﬁﬁthaﬁiéglév A mixture of

lé?w 4% igh gﬁﬁ}?ﬁk&m}. and %Xsﬁﬁi&, éﬁ ;é‘ja:_’%n C%}.@iﬂ«b S‘QQ‘&, ’éé, }-6‘{52
{1944}« B
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3.4 ge (0,01 mole) of S5-gmino-b-quinolyl dodecyl sulfide, 2 Z.
{0.01 mole} of €-isopropylaminopentyl chloride hydrochloride
was dissolved in 20 ml. of warm absolute ethenol. Three grams
{0.01 mole) of sodium citrste was added, and the mizture
stirred with refluxing. The mixture began to thicken, snd af-
ter 12 hours en additionsl ten milliliters of ethanol wes added.
The mixture was refluxed with stirring for forlyeslizht LoUrsSe
The mixture was cooled and poured into cold water with forma-
tion of & solids The mixture was made basic with ammonium hy~-
droxide and filtered. Drving save 3.4 2. of recovered starte
ing anine, Meps §§w5?a, mixed MeDs S?wéﬁa;

Method Be. A mixture of the above recovered amine 3.4 g
(0.01 mole), 2.3 g» (0,011 mole) of g-isopropylaminopentyl
chloride hydrochloride and 5 ml. of absolute ethanol was heasted
on & boiling weter batn for one hour. The reflux condenser
was replaced by & short tube, and the mixture was heated at a
bath temperature of 110-120° for ten hours and then at 130-
140° for six hours. The mixture was allowed to cool and taken
ag.iﬁ 500 ml, of water., The solution was pade basie with ane
monium hydroxide, extracted with ether and dried over sodium
sulfate.

The ether solution was [iltered and concentrated to ga.
150 ml. A hydrochloride was prepsred by the addition of 0.03
mole of etnerssl hydrogen shl@ri&@ in 50 ml. of anhydrous ether,
Piltretion gave a dark red mass whiech could not be recrystals

lized from ethanol, ethyl acetate, a mixture of chloroform and



petroleun ether, {(V.De, 6Q~é8ﬁ}, 8 mixture of ethanol and ethyl
acetate or a mixture of ethancl ard ether.

The product wae then teken up in 100 ml, of absolute ethe
anol, refluxed with ca. one gram of %m%itﬁ, FPiltered and eone
centrated to ca. Qé mle Cooling zave 0.7 2. (17%) of oranze
product, melting at 155*15?Qg An analytiesl sample, recrysw
tallized from ethanol-ethyl acetate, melted at 156~1570. ‘this
product proved to be S~amino~b-guinolyl dodecyl sulfide dihy-
drochloride.

zlhggﬁéﬁ‘Zﬁﬁlz 8, 7.69. ¥ound: 3,

Apal. Caled. for C
7674

The product waes further identified by conversion to the
free amine with ammoniun hydroxide {mixed muda)s

Beimino-S=~nitro=6-guinelyl methyl ﬁu;riéa,lés 10 a re=

fluxing solution of 32.5 2. (012 nole) of 5-nitro=6-chloro=f=-
ascetanidoguinoeline in 400 nl. of mebhyl cellosolve was added a
ﬁalutimn‘of 0.14 mole of sgodiun methyl sercaptide in 150 nl.

of methyl cellosolve, The addition required ten minutes, and
a g0lid precipltated during the additiosn. the mixiure was row-
fluxed for fifty minutes and allowed to cool. Filtration and
washing with water gave 24.8 g. {88%) of orange erystals nmelte
ing at 243-244°. Recrvstallization from methyl cellosolve aid
not chanse the melting »points. The product is unususlly in-

soluble in most orzenice solvents.

168, Gilman, Benkesor, Gainer, Lindblad, marshall, Massie,
myers, and Tolman, J. Ame Cheme Soc., 68, 008 (1946).
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This reaction was also carried out with ten minutes re-
flux in 83 percent vield.

Anal, Calecd. for Gléﬁ§&2i3$: Hy 17.87; 5, 13.61. ¥ound:
N, 18441 and 18,33; S, 13.49 and 13.31.

8maminowS-nitro=twguinolyl Dodecyl Sulfide. To 2.3 g

{0.0086 mole} of 5-nitro=G-chloro=-8eacetanidoguinoline dis-
solved in 50 ml. of hot methyl cellosolve was sdded dronwise a
solution of sodium dodecyl mercaptide, prepared from 0.23 g.
{0401 2. atom) of sodium and 2 g. {0.01 mole) of dodecyl mer-
cavtan in 25 ml. of methyl cellosolve. The mixture was re-
fluxed for an hour and allowed to c¢ool., The mixture was poured
into 200 ml. of water with stirring, made acid with acetic
acid and filtered to sive 3.7 g« lguantitative) of orange mate
erial melting at 85-87°, Recrystallization from 75 ml. of
methenol gave 3.1 g« (93%) of orange materisl melting at 88w
89°.

A sam@is recryetallized from nethanol and btreated with
Horite melted at 89.5«90.5 and recrystallizetion did not change
the melting point.

Anals Caled. for Cgiﬁglégﬂgst Sy 8423+ TFound: 8, 8.30.

8-fcetamido=5-nitro~6-guinolyl bDodeeyl Sulfide. Fourteen

grams (0.036 mole) of S=anino=-Senitro=S-guinolyl dodeéyl sule-
fide was dissolved in 140 ml. of zlazeisl acebic acid and heated
to reflux. Yo the warm solubion 15 ml. {(0.15 mole) of acetic

anhydride was added, and the nixture was refluxed for thirty
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minutes. The mixture was allowed to cool, poured onto ice,
pertially neutralized with amsmonium hydroxide and filtered,
The precipitate was recrystallized from 600 ml. of 95 percent
ethanol to give lh.6 2. (94%) of vellow erystals melting at
67-6¢°. |

Anals. Caled. for 633ﬁ33Q3§58: 8, 7+42. Found: 8, 7.29.

S~icetanidomfearino=b-auinolyl Dodecyl Bulfide. A solu=

tion of 7.5 z. (0.0174 mole) of B-acetanido=5-nitro=beguine
0lyl dodeeyl sulfide in 200 ml. of abaolube sthanol with the
addition of one tegspoon af;ﬁane§ Qiékﬁxlék was shaken under
60 pounds pressure of hydrogen ab th@'temyarature of steam Tor
two hours. The cooled solution was filtered, 20 ml. of ben-
zene added and the solvents removed under redused pregsure,
"o the dark residue was added 50 ml. of petroleum ether (b.p.,
éﬂ«éﬁﬁj, and the mixture was heasted to reflux. Al)l of the
materisl 4id not go into solution. On cooling the product
formed an oil, whiech on standing for 12 hours cryestallized as
- & yellow solid. riltration gave 5.6 z. (80%), melting at 77-
78°,

Attempis at purification of this »roduct were UNSuUCCESSw
ful, as from petroleum ether {b.D., 3&*&69% 60-68° or 77-115%)
the product olled on cooling and slowly cryvstallized to & yelw
low solid. The product wes too soluble in methanol or ethanol.
Angl. Calod, fOr C,qHq O0Ns8: 8, 7.98. round: S, 6.86
and 7..07.

5,8=Discetamido~b~quinolyl podecyl Sulfide. The above
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amine wes acetvliated using acelic anhydride and scetic acid,
Recrystallization from methanol with the use of Morite zave a
cream~colored solid, nmelting at 126~12?ﬁ¢
4nsl. Caled. for C,.H,0,N;8: N, 9.48. Found: N, 9.48.
2-Hydroxy~6-methoxylepidine. To a cooled solution

(50} of 150 ml. of concentrated sulfuric acid in an ice-bath
was added wiﬁ% stirring 200 ¢. of p-acetoaceotanisidide {0,967
mole) with stirrins et such a rate that the temperature of the
mixture d4id not risze asbove 359* The ice~bath was replaced by
& weter bath al room tempersture and the beth wes hested zrad-
ually to 9Q¢g The mixture was then heated at ?5*1§QQ for two
hours.

The hot dark syrun was poured into two and one-~half liters
of ice watﬁr with #i@ﬁ?ﬁm& stirrinz. The pasty product was
filtered, washed with weter and driled as thoroughly as pose
sible on the funnel.

The pasty solid wes traneferred to a L-liter beaker, cove
ered with water and made basic with concentrated ammonium hyw
droxide. The solid wes filtered, washed with water and dried
for eight hours at 140° to give 158 z. {87%) of a grayish powe
der melting at 259-260°,

This preparation was adapted to runs of 1000 grams of D~

acetoscebanisidide in 85% yvield.

159, This preparation was saapted from directions kindly sup-
plied by Dr. Xe. H. Campbell, University of Notre Danme,
South Bend, Ind. -
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z*uhxaramémmﬁﬁhazylayiﬁina*lég A mixture of 300 ml. of

redistilled phosphorus oxychloride (b.p. 105-107°) and 100 2.
{0453 mole) of 2-hydroxy~b-msthoxylepidine was hested in an
oil bath et 110-112° (bath temperature). The phosphorus OXy-
chloride refluxed and the solid materisl dissolved. After
five ninutes of heatinz the mixture golidified with vigorous
refluxinzg. The mixture wes hested at & bath tewpersture of
110-120° for two hours.

The produet wasz cooled to &GG; an& the excess phosphorus
oxyenloride wee removed under reduced pressure, care being
taken thet the inner temperature 4id not excesd $QQ, After
removal of the phosphorus oxychloride, the residue was removed
from the flask and cautiously sdded to 500 nml. of ice water.
The product wes filtered esnd weshed well with water until free
of acid. alr drying geve 115 g. of product, melting at 143~
1&5“; The product was recrystallized by dissolving as nueh pf
the material as pogsidble in 500 ml. of 95 percent ethanol at
the reflux bemperature. ?ﬁé insoluble material waz filtered
from the kot ethanol solution. This solution wass chilled, and
after removal of the ervstellized solid, the filtrate was used
to dissolve more of the insoluble material. This process was
repested until all éf‘tﬁe maberial was dissolved and 91.5 g.
{84%) of the purified solid, nelting at l&&~1&5°, was obtained,

The product may also be purified by recrystallization
from methyl esllosolve, or by distillation. Fifty grams of
crude product was distilled at 172-174° (0.1 mm.) to gzive 36
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gs {72%) of material meltinz at 145-146°.

b-pethoxylepidine ﬁyﬂxat$*1é§ A& mixture of 100 z., {(0.483

potassium hydroxide, 1400 nml. of 9% percent ethanol snd 8 tege
spoons of Raney nieckel was placed in & three and one-half liter
pteel bomb and shaken at o pressure of 250 pouhds of hydrozen
with en inlitial tempereture of 60%, after one hour, tho theow
retical amount of hydrogen appeared to be absorbed, but the
mixture wes sheken for snother hour,.

The nickel was filtered and the excess ethanol resoved
- under reduced pressure. The residue was poured into 100 ml.
of ice water and stirred until erystalline. Subseguent filtra-
tion end drying gave 90 z. (99%) of slizhtly brown material,
nelting at 5@*23~

This proeedure was also edapted o rums of 200 g. in 9%%
yield.

beliethoxy~hwmethyle2-cuinolyl Dodecyl Sulfide. To &

solution of five grans {(0.024 mole) of femebhoxry-2-chlorolepie
dine in 50 ml. of warm methyl cellosolve, was added dropwise a
solution of sodium dodeecyl mercaptide, prepered from 0.056 2.
{0.024 2, atom) of sodium and 5 g. (0.024 mole} of dodecyl mere
captan in 50 mi.'@f~m%§hyl cellosolve. The nmixture was rew
filuxed for five snd one-~hall hours with the Tormetion of nmueh
salt. The produet was poured into 500 ml. of water, made acid
with scetic ascid, filtered snd dried to give 8.3 z. (93%) of

eream meterial, melting at éﬁ«é?g. Thiz produet was TECrvSw
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tallized from 200 ml. of methanol to give 6.3 g. {70%) of
cream=colored material melting at ?la?ﬁ « A sample recrystalle
ized for analysis melted at 73w?§§.

Anale Caled. for C 3H35 8, 8.58. Found: 8, 8.70.

Z=Chloro~lk~quinolyl Dodecyl Sulfide. To five zrams (0.025

mole) of 4,7=-dichloroguincline in 50 ml. of hot methyl cello=
solve was slowly added with stirring a solution of sodium do-
decyl mercaptide, prepared from 0.57 2. {0.025 g. atom) of
sodium and 5 g. {0,025 mole) of dodeeyl mercaptan in 50 ml. of
methyl cellosolve, Toward the end of the addition, & solid
precipiteted. The mixture was refluxed Tor one hour with fure
ther precipitation. The mixture was cooled, poured into 600
ml. of water, made acid with acetic scid and filtered. File
tration was difficult. Drying gave 7.9 z. {87%) of white mat-
erial, melting at §Sw593, Recerystallization from methanol
raised the melting point to §9~6@Q, and further recrystalliza-
tion did not change the melbing ?@iﬁtq

Anale Caled. for ¢ ﬁBQﬁﬁﬁie 3, 8.80. round: S, 8.90.

lnﬁietﬁylﬁmiﬁamﬁ,gfepexyyragaﬁ&»l?g 4 mixture of 112 Ze

{lz*a‘mnlas} of epichlorohydrin, 864 g. {11.8 moles) of di-
ethylamiaé and 36 #. of water wes stirred for six hours at a

o ;
temperature of 28-30 , The solution was cooled to 263, and a

170, This preparation was adapbed from a H.D.R.C. report sub-
nitted by the laboratory of Columbla University. ‘This
compound was also prepared by Drozdov and Gh@rntav,qg.
Gene Chems (UsS8.84Re}, Ly, 969 (1934) /[C.A., %?l 2148
(19351/; Eisleb, U.S. Patent, 1,845,403 (1932} /C.ds, 26,
2199 (1932)/.
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solution of 560 z. (14 moles) of sodium hydroxide in 912 nml.
of water was added st such a rate that the reaction tempera-
ture did not exceed Qseﬁ The mixture was stirred for forty
minutes after the addition of the base amﬁ‘éﬁéa poured into
two liters of weter., The organic layer was aeg&r&taﬁ and the
agueous layer was extracted with two 200 ml. portions of sther.
he oil and the ethereal extracts were combined and dried over
potassiuz hydroxide.

The excess solvent was repoved by distillistion at atmos-
pheric pressure, and the residue was distilled at 5860 { 20=
25 mme) 10 zive 950 g« (624) of a colorlese oil. "The materisal
must be stored in the iece~box and becomes cloudy on stending,

2=Disthylemino-2-hydroxypronyl Dodecyl Sulfide. The ap-

parstus used for this and the four subsequent preparations
consisted of a 500 nl., three-necked, round-bottomed flask,
fitted with a stirrer, a condenser and a dropping funnel and
arranged for maintenance of a nitrosen atmosphere.

A solution of 20.2 g. (0.1 mole) of dodecyl mercaptan in
50 ml. of toluene was edded dropwise over a period of thirty
minutes to & suspension of 2.3 2. {0.1 2. atom) of finely-cut
godiun in 100 ml. of refluzing toluene., The nixture was ree-
fluxed for thirty minutes with diseppearsnce of the sodlum.

4 solution of 12.9 g. {O.1 mole) of l-diethylanino=~2,3-
epoxypropane in 2% ml. of toluene was added to the relluxing

solution. Reaction wes Immediate and vigorous, nueh foasning



occurring with diseppesrance of the sodlum mercaptide.

The mixture wes refluxed for six hours, cooled and 200
ml. of water added with stirrinz. A thick enulsion formed.
The emulsion was sllowed to separate over @ period of twelve
hours. The toluene laver %as geparated, and the agueous layer
extracted in two portions with 250 ml. of ether. The organic
solvents were combined and dried with anhydrous sodium sulfate.

Removal of the solvents and distillstion of the residue
gave the following fractions: (1) 048 2., b.p. 100=-109° (0.2
mihe ) ; forms a yellow precipitate with lead acetste, provebly
recovered dodecyl mercaptan; {2} 11.7 z. of a yellow ligquid,
bep. 157-160° (0.2 mn.) end 161-165° (0.3 ma.); nog 1.4739;
(3) 5.8 g. of & yellow liguid, b.p. 158-161° (0.2 mn.); n?9
147403 (4) 1.6 g+ Of o vellow liquid, bep. 155-160° (0.2 mu.);
ﬁzg 1.47505 (5) 5.6 g. of a2 yellowishebrown liquid, b.p. 152-
217° (0.3 rm.), solidifying on cooling to & solid, melting at
48-49°%. This produet contained no nitrogen, but was not fur-
ther identified,

The combined weighte of fractions 2, 3, and 4 was 19.1 2.
(58%)

Practions 2, 3, and L were combined and distilled to zive
17.9 g« {54%) of a yellow 1liguid, b.D. 151-152° (0.2 me) s ngg
1.4739; 423 0.9049; HR caled., 103.4; found, 102.8.

4nal, Calod. for O, H, (ONS: S, 9.67. Yound: 8, 9.81
and 9+76.

Attempts to prepare the corresponding sulfoxide and sule
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fone by oxidetion with hyvédrogen peroxide in acetic acid were
unsuecessfule.

2-tivdroxy=-3-butenyl Dodecyl Sulfide. Sodium dodecyl mer-

captide (0.1 mole) was prepared as described in the preceding
experiment from 2042 g. (0.1 mole) of dodecyl mercaptan and
2.3 2+ (0.1 2+ atom) of sodium in 150 ml, of t&iﬁﬁﬂ@m To this
refluxing solution was sdded dropwise s solution of 640 .
{0,085 nole) of 3,&u@§ﬂxybut@n$~1l?l in 25 ml. of toluene.
The mixture was refluxed for six hours, during which time it
beﬁama reds

The mixture was cooled, stirred with 100 nl. of water,
the layers separsted and the agueous layer extracted with 100
ml. of benzene and 100 ml. of ebher. The orzanic solvents
were copbined and dried over gnhydrous sodiun sulfate.

Removal of the solvents and éigtill&tian of the residue
gave the Tollowing Tractions: (1) 2.5 2., baD. 84=97° (0.2
mm.); (2) 1843 g. (77%) of & colorless licuid, b.p. 132-134°
(0.1 mma); %0 1.4811; (3) 0.8 ., bup. 131-141° (0.1 mn.);
(4) 1.0 2e, beps 160-175° (0.2 mm.).

Fraction 2 was r&ﬁistillﬁévﬁa give an analytical sample,
bape 135-137° (0.2 mm.); 020 1.4802; dag 0.9068; LR ocaled.
85,123 found, 85,25. The product decolorizes bromine in car-
bon tetreschloride. ;

71 Findly provided by Columbis Chemicals Division, Pittse

- purzh Plate Glass Cowmpany, Pittsburgh, Pa., and used
without purification.




Anal, Caled. for CygH,.08: 8, 11.76. Found: S, 11.77
and 11.79.

This eompound 4id not form an addition produect with zold
triebloride or platinum chloride.

2-flydroxy-3-butenyl Hexadecyl Bulfide. Sodium hexadecyl

mercaptide (0.05 mole} was prepered as previously described
from 12.9 g« {0.05 mole) of hexadecoyl mercapban and 1.15 2.
{0405 z«) of sodiun in 150 ml. of toluens. 7o this refluxing
sugpension was edded dropwise a solution of 3.5 2. {0.05 mole)
of 3,h~epoxybubene~l in 25 nl., of toluene, all of the solid
diseppearing, The mizture was refluxed with stirring for five
NOUTs «

The solution was cooled, gtirred with 100 ml. of water,
the layers separated and the acueous layer extracted with 100
mle, of ether. The organiec solvents were combined and dried
with anbydrous sodiuva sulfate,

Removal of the solvents and distillation gave the follow=
ing fractions: (1) 0.8 gu, baps 75-151° (0.15 mma); (2) 7.0
Zay Dape 150-163° (0415 mm.) solidifying on coolinz to a white
Product, meDe 25-26%; (3) 5.9 g, bepe 163-164° (0415 mma);
solidifying to white product, @.D. 265-275%; (4) 1.0 2., DeDs
159=165° {0415 ms.); solidifying to white product, m.p. 27
27.5% The combined weights of fractions 2, 3, and 4 was 13.9
Ze (BLS)

Anal. OCaled. Tor CoaH, 008: 5, 9.76. round: 8, 9.76
and 9.88.
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2=Phenyl-2~hydroxvetayl Dodecyl Sulfide, Sodiunm dodecyl

mercaptide {C,1 mole) was prepered as (eseribed in the preced-
ing preparations from 20.2 z. (0.1 mole} of dodecyl mercaptan,
and 2.3 2. {01 2. stom) of sodium in 150 ml. of tolusne. To
thisg refluxing solution wae sdded dropwise a solution of 12.0

172 in 50 ml. of toluene, all of

2e (0.1 mole} of styrene oxide
the solld disapnearinge The gsolution wes refluxed for Pive
hmgrﬁ, forming & light brown solution. This product was |
worked up as deseribed in the preceding exverinents.

Distillation gave 22 2. of very light yellow materisl,
distilling et 132-176° (0.1 mma); nzg 1.5102. This produet
wes redistilled tohrousgn a 15 om. Vigreaux column to glve the
following fractions: (1) Lok 2., bep. 102-178° (0.2 mm.);
(2) 1346 Ze, DaDs 178=180° (0.2 mne); (3) 6.0 2., baps 181e
182° (0.2 m&,}a The combined welishts of fractions 2 and 3
were 19.6 2. {(615).

rraetion 2, 8 colorless liquid, had the following cone
stants: ﬁgg 1.5130; &23 0496023 ¥R celed., 100.5; found,
100.84 ,

Anele Caled. for geﬁgga 8t 8, 9.96. Found: B, 9.87
and 10.05. |

‘étt@mgﬁg to prepaye the m&%&iaﬁiﬁ&l?s resulted in an oil

and the 3,5-dinitrobenzoste melted at 34° after orystalliza-

172 This meteriel wes Kinaly furnished by Dow Chemical Conm
pany, Bidland, Kich.

173: Bost and E?ﬁ%i‘eﬁh, g.‘ %‘f’%x ﬁh%* fﬁﬁﬁ‘, é‘g; 3.7555 {1?540}*



tion from ebsolute ethanol, The naphthyl urethan wmelted above

200V afier ervestellization from carbon tetrachloride.

2-Phenyl-2~hydroxyetiyl ﬁ&ﬁaﬁﬁﬁyi Suifide. Sodium hexadec-
vl mercapbtide {0.05 mole) was prepared ss previously deseribed
from 12.9 g« (0,05 mole) of hexadecyl mereanten and l.15 2.
{0.05 2. aton) of sodium in 150 ml. of toluene. To this refluxe
ing solution was added dropwise a solution of 6.0 2. {0.05 mole)
of styrene oxide in 25 nl., of toluene, all of the materisl dige
solving. The mixture was refluxed for five hours forning a light
brown solution. 7This produect wass worked up as previously desw-
cribed.

Distillation geve the following fraotions: {1} 1.3 2.,
bep. 161-220° (0.3 mm.); (2) 2.3 2., bepe 208-210° (0.3 mma);

120 1.5062; (3) 8.7 Za, bap. 220-221° (0.3 mn.); 0% 1.5070;

agg 0.9431; NR caled., 118.9; found, 119.3; (4) 1 2., b.p. 177-
192° (0.3 nmn.). The combined weiszht of fractions 2 and 3 is
1140 ge 1585 |

Fraction 3 was enalyzed.

anale. Caled. for ﬁgk‘taﬁﬁ, 8, B.47. ¥ound: 8, H.35.

Phengeyl Dodecyl Sulfides A solution of sodlun sthoxide

was prevered From 1.15 . {0405 ge atom) of sodiun in 100 ml.
of absolute ethanol. 7o this solution, In a nidrozen atnose
phere, was added s solution of 10.1 zZ. (0.05 mole) of dodeeyl
m&r@ay&%§ in 50 gl. of absolute ethanol, and the solution was
refluxed for thirty minutes. 4 solution of 10.0 z. {Ca05 pole)
of phenseyl bromide in 35 zl. of sbeoiute ethanol was added

with stirring to the relfluxing solution. The mixture wag rew
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fluxed for six hours during which time salt formation was obe
served. The mizxbure wass allowed to co0l overnizhi.

After removal of the excess ethanol under reduced pressure
200 ml. of water waes added to the residue, and the mixture was
extracted with 400 ml. of ether in three portions. The sthere
eal extract was dried over anhydrous sodium sulfate.

Removal of the ether snd distillation zmave the following
fractions: (1) 1.0 Ze, bape 50-89% (0,32 mma); (2} 946 o,
DeDa 17&~$78§ {0+32 mme}, yvellow liguid solidifying on cooling
to & white £011id, meDs 32-4%3 (3) 40 2., bep. 178-180° (0.32
mie) ; yellow licuid, solidifying to & white solid on cooling,
fieDe 33*3&9‘ The total vield of vroduet melting 32-34° was
13.6 g« (85%).

An analyticel sanple was recrysiallized from absolute
ethenol and melted at 34-35%,

Anal. Caled. for G,fi;(0S: S, 10.00. ¥ound: 8, 10.04
and 10.27. '

Ehenacyl Dodecyl Sulfide. This oxidation was carried out
by the procedure of Enhﬂffﬁagl?a A mixture of 10 z. {0.028
nole) of Z-phenyl-2-hydroxyethyl dodecyl sulfide, 10.8 z. {0.05
mole} of aluminum isopropoxide {free from isopropanol), 82 ml.
of anhydrous ecyclohexanone and 500 ml. of toluene was refluxed
with stirring for one hour. The mixture waes hydrolyzed with

dilute sulfuric seld, and the two layers were senarated. The

T7L. Inhoffen, Lo.eman, Hohiwes, end Serini, Ber., 71, 1032
{1938}«
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agueous layer was extracted with ether, and the combined ore-
ganic golvents were washeld with sodium carbonate solution and
water. The extrazets were driled over anhydrous sodlium sulfate,

Removal of the solvents and distillation of the residue
zave 3.h g. (345) of licuid, bep. 190-193° (0.2 mm.); solidi-
fying to & white solid.

A 2,k=-8initrophenylhydrazone melted at 80-81° and & mixed
meltinzg point witii en suthentic speecimen was not depressed.

Phenacyl Dodeoyl Sulfide 2,L-pinitrophenylhydrazone,t’?

This c@mgauﬁﬁ, prepared by refluxing equal amounts of the ketw
one and Z,4-dinitrophenylhydrazine in absolute ethanol with
the addition of a smell amount of hydrochloric scid, melted at
80-812 after recrystallizetion from ethanol,.
Anal. Caled. for Qgﬁﬁjé$g$;§§ 8, 6.40, Yound: 8, 6.22,
Tetradecylimido Tetradecyl Sulfide Hydroehloride.

Bethod éﬂlsg A mixture of L5 g« (0.0215 mole) of myrise

176 and L6 2. {Q.szmﬁlﬁ} of tetradecyl mercaptan was

tonitrile
dissolved in 50 mi. of anhydrous ether, snd the ethereal solu~
tion was saturated with anhydrous hydrogen chloride. Crystal-

lization 4id not oeccur. The mizture 41d not crystallize after

175. Ghriner and Fuson, "ine oystematic Identification of Ore
ganie Conpounds®, John Wiley and Song, Inc.,; New York,

176. This compound was obtained from Armour & Co. It wag dige
tilled apd the fraction, D.p. 106-109¢ (0.1 mm.}; n
1.440, was used in this preparstion. Dorinson and Rale
ston, J. Am. Chem. S0C., 66, 361~2 {%g&#} zives the index
of refraction of myristonitrile as n 2 1.440.
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three days of “tanﬁxﬁ‘ in the ice-box. The either vag renoved
under reduced pressure, end the residue was weshed with cold

=

gther and dried to zive 5.2 z. {(5%5:) of white mater inl, softenw

ing ot 60°, melting ut 65-68°,
vetinod g,lBg CA mizture OF L.5 2. (00215 mole) of nyrise-
tonitrile ﬁmﬁ.g*é e (002 nole} of tetradecyl morcantan was
saturated with anhydrous hydrozen chloride. After thirty min-
ubes precipitation occurred, and the nixbture was allowed to
stand in the ice-box for four hours. The product was washed

with 125 nml. of eold anhydrous ether and dried Tor 12 hours

N5

over sulfuric acid under reduced dressure 1o sive 5.2 2. [(65:)
of white produet, softenins et 60°, melting at 65-68°,
axtﬁr four recrystallizations {ron anhydrous other the
product melied at ?En?Ba‘
snals Caled. for Uggﬁgﬂzﬁﬂlz 8, 64733 C1, 7.47. ¥ound:
Ba32; Cly Tak3.

0

lwﬁzenyl~x~c laraéaéﬁaaaﬁggﬁ A pixture of 26,0 2. {01

mole} of 1&&?@@&%&@&&1?7 and 2048 . (0.1 mole) of paosohorus
pentachloride was slowly hented by mesns of an oil bath. 4t
1009 211 of the product dissolved send resction ensusd. The
mixture was slowly hested to 1509 and the toenperature wee naine
toined at 159~155g for two nours, during whieh tine the nix-

ture darkened. The nixture was allowed to cool.

The vroduct was distilled under reduced preogssure. After

177« “his procuct vaﬁ kindly Tarnished by L. ¥, Cason and
melted at La=LL .
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distillation of the phosyhorus oxyvehloride, the main bhody dise

tilled at 1L0=156° (0.3 mo.) to sive 2445 2. {285) of a slighte
1y brovn eolored producty aég 145138, The product was redig-
tilled and boiled at 138-140° (0.3 ma); 1% 1.51505 420

20
0496473 ¥R caled., 806.1; Tound @?‘E,i?g

snels Caled. for '1g$ﬁ?b1» Cl, 12.73. Pround: Cl1,
124

g % - g
podecyluercuric Bromide, The dlrections of .ag;e?sfslﬁag were

followed in thils preparstion. Dodecyimasnesiun bronide wag
prepared in 69 percent vield fronm 1.22 2. €@.G§ e atom) of

magnesiunm an

4 12 7o {0405 mole}) of dodecyl bronide in 150 nl
of anhydrous ebher. Resctlon wes slow in starting, but once
reaction cnsued, the rescetion wvent norially. The product was
filtered into o 500 pl, flash @q&iyacﬁ with & Soxhlet extracte
Or. 4in the Soxblet bulb ver snlaced igtl\g“ {0.033L nonle) of
mercuric bromlde, and the mixture was extractsd for 24 hours.

The nixture was then hydrolyzed with 10 2. of empopius broaide

wan digtilled off, and the residuc Tiltered,
woshed with water, a small anount of etisnol and then with
etiier. There was oblained 10.8 z. {7159) of white cryetsls
melting et 108-1109. ©Heals obbtained 540 melbing st 108-108,.7°,

/’/Qﬂﬁﬁﬁ“lﬁﬁru&?&m&?@h@@@ﬁrﬁ Qlﬁ Aclid., To a sodiunm obliowe

ide solution prepaved from 0.5 2. (0.02 7. atom} of sodiun in

178, fuwers, B6Ce, kb, 801 (1912) found in subsionces of thi
atructure —?-.'==2-R an exaltation of 1.0 :%i ‘Eém ahove

exalitotion iz 1.10.
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100 ml. of 95 percent ethanol was added l.54 go {(0.01 mole) of

thiosalicylic acidat’o0

4 wiite precipitate formed whieh disw
solved on heating. To the hot solution was added a hot solu-
tion of L5 2o {0.01 nmole) of dodecvimercuric bromide in 200
mle Of 95 percent &thanol, the mixture becoming clouded. A
solution of one gram {(0.04 g atom) of sodiuw in 30 ml. of 95
percent ethanol wes added, and the mizture refluxed with stir-
ring for two &aurﬁ and then atirred without hest Tor fourtesn
hours, A solid formed which settled out., The mixture was
poured in 400 ml. of ether and extracted three times with 100
ml. portions of ether.

The agueous layer was m&ﬁ% acidiec with hydroehlorie acid,
and - a solid settled osut, After standing for two hours,
the solution was filtsred to give L.7 z. of a 801id partially
melting at QQQ,‘m@lting with degomposition at 23@»2350* this
was recrystallized from 300 ml. of 95 perecent ethanol to give
2.1 2o (475) of recovered ﬁnﬁ%ﬁvlw@yauxiﬁ bromide (mixed m.ps)}
110-111°,

Removel of the ethanol left 2.0 g« of a2 solid. This sol~
id was extrected with 200 ml. of petroleum ether (b.p., 60-68%)
to zive 0.8 g« {15%) of eream~colored product, melting at 72°,
The insoluble portion, 0.7 z. {(45%), melted at 280-285° (dec.)
and was sssumed to be_g~dithicsalicylic acide _g/Dithiosalls

179, (&) This acld was purified as deseribed in QOrzanic 8 §X“
' theses, Coll. Vol. I, {1944}, 582, and melted at 16
16L9; (b) Gattermann, Ber., 32, 1159 {1899} .



- GO

, - , , ) .o 1790
eylic acid has bheen reported to nelt at 289 .
180 . ..a Tee  Tem afe mMens T ,
Anals Calod. for ngﬁgoﬁgaﬁgf Hg, 38.38; Neut. Eguilv,.

522+ Yound: Hg, 38.27; Neut. Iguiv., 517.

This compound has been reported to melt at ?Gg*l&l

Picolinic Acid. Two hundred grams {2.15 moles) of =-pic-

oline was added with stilrring to a suspension of 340 z. (2.15
moles} of potassium permanganate in three liters of water,

The mixture was heated on the stesn bath, and after thirty
minutes a vigorous reaction oeccurred which was controlled by
immersing the reaction wvessel in an lee-bath. The mixture was
heated Tor one hour, and then & suspension of 170 z. (1.08
moles) of potassium vermanganete in 500 ml. of water was added.
The mixture was hested for another hour, followed by the addi-
tion of & thir& portion, 170 g« {1.08 moles), of potassium
permenganate and 500 ml. of water. The mixture was heated for
two hours. On cessation of sbirrinz, the brown manganese die
oxide settled out, leaving a ﬁoléri@ss supernatent liquid.

The hot liguid was filtered, and the manganese dloxide
washed with one liter of hot water. The hot mixture of fil-
trate and washings wes wmade Just geid to methyl red with 10
percent sulfuric acid, and to this hot solution was added a
hot solution {809) of 2?5 z. of copper sulfete pentahydrate in
500 ml. of water. The solution was stirred while cooling and

then Tiltered.

180, Tabern and Shelberg, g ind.
501 (1932).

1ge Clirie, Ansle. Ide, 4,



The blue copyper picolinate was suspended in three liters
of water, and hydrogen sulfide wae passed in with gstirring
until on cessation of stirrinz the black coprner sulfide setw
tled, leaving a& brown supernatent liguid. Thie precipitation
required approximately three hours.

The mixture wes filtered, and the filtrate was eveporated
to dryness on the steam bath %o give 170 2. of & brown solid,
melting at 130-132%, The product was resrystallized from ethe
anol to give 131 z. (50%) of white crystels, melting at 135~
136°. ¥rom the filtrate there was obtained 10 g. more of pPro=
duct, melting at 133-135%. The totel yield of pleoliniec acid
was 11 2. (528). |

Ethyl Picolinate, A suspension of 100 g. {0.81 mole} of

picolinic acid in 700 ml. of absolute cthenol in & one-liter,
three-necked, round-bottomed Tlask fitted with a stirrer, a
condenser closed by & ealelum ohloride drying tube and a gas
inlet tube fitted with & glﬁﬁgeriﬁl was ¢ooled in an lce-~bath
and with good stirrinz was satureted with anhydrous hydrogen
chiloride. The ice bath was then removed, and the pixture reéw-
fluxed for one hour with continuous passage of hydrogen chlors
ide, 7The gas inlet tube was then removed, and the nixture rew
fluxed for four asnd one~half hours, all of the solld going

into solutione

BT, FIsser, "Esperirents 18 Orgenic Chemistry®, Heath and
Conmpany, New York, N.¥., {1941}, Part II, p. 310.



The excess ethanol wes removed under reducsd pressure on
the stear bath, and the residue poured into the minimum amount
of excess satursbed sodium carbonste solution. The solution
was extracted with 700 mi. of ether in three portions, snd the
etherecal extractis were combined and dried over anhydrous sod-
ium ﬁ&lf&tﬁi

The ether was removed by distillation, and the residue
distilled to give 90 g. (73%) of a colorless liculd, distile
ling at 135-136° (18 mm.}.

From the basic acueous extract, subsequent to scidifica~
tion with 10 percent sulfurioc scid and ?f@ﬁi@iﬁ&iiﬁn with hot
copper sulfate solution, there wss obtained 15.5 g. {12%) of
emﬁa@r plecolinate.

Bethyl 2-Pyridyl K%tgnswigz A suspension of 1.2 moles of

sodium ethoxide in 1100 ml. of anhydrous thiophene free henw
zene was prepared from 27.6 ge (1.2 g. atoms) of sodium sand
gnd 5542 7. {1.2 moles) of absolute ethanol. To this werm
mixture there was added with visorous sbirrinz & mixture of
120,82 z. (0.8 mole) of ethyl pleolinate and 140.8 z. (1.6
moles} of anhydrous ethyl ascetate et such a rate as to cause
gentle reflux. During the eddition the sodium ethoxide dis-
appesered, the mizture becoming elear and then settling to a
thiek yellow mush.

This mixture was refluxed with stirring for twelve hours,

182. %iéﬁn’ Tolman, and nassie, J. Am. Cheme 8oe., 68, 000

*
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cooled and poured into & cold solution of 40 zZ. of sodium hy-
droxide in 800 ml., of wator, The lizght vellow so0lid was file
tered off, and sfter the addition of BOU ml. of water to the
filtrete, the benzene and aqueous leyers were separated. The
benzene layer was exwbracted with 400 nml. of water, end the
combined acueous layers were extraeted with 100 ml. of benzene.

The agueous layer was then seldified with concentrated
hydrochloric scid; the yellow precipitats was suspended in the
gsolutioh; and the mixture was acidified with concentrated hy-
drociloric acid, 350 ml. of acid belns added In all. The
totel volume of solution wes approrximetely two aﬁi one=half
1iters,

The solution wes refluxed for two hours, cooled, made
basic with s0lid sodium carbonste and extracted with 1500 nl.
of etber in portionsm. The combined ethereal extracts were
dried over anhydrous sodium sulfate.

The ether was distilled off, and the residuc distilled at
79-30° {10 mm.} to give 72 gz. (75%) of a colorless liguid;

020 1.5200.
2-{2'-Prridyl)einchoninic Acid. This preparation was

183

adapted from the method of Lindwall.™” To a solution of LO 2

{0,27 mole} of imatin in 160 g of 25 percent potassium hydrox-
ide solution was added a solution of 3L g. (D.2% mole) of

methyl 2-pyridyl ketone in 250 ml. of 95 percent ethsnol. The

183. Lindwall, Bandes, and Weinbergz, ibid, 53, 317 (1931).
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mixtare wes refluxed for twelve &@mrg*v
The excese ethanol was repoved under reduced pregsure, and

he so0lid recidue was dissoclved in 1000 nl. of water. The re-
sulting solution was extrascted with LOO ml. of ether in two
pertions. The sgueous extract was acidifisd with vigorous
gstirring by 100 ml. of 50 percent acetic ascid. The precipi-
tate was filtered, rediseolved in 2 solution of L0 z. of potw
sseiun hydroxide in 600 ml, of water and reprecipitated by 100
ml. of 50 percent scetic mcid.

The precipitete %aﬁ filtered, washed with water, warmed
for Tifteen minubtes with L0O ml. of 95 percent ethanol, chilled
and Tiltered to give 55 g« (81%) of & white product, melting
with decomposition st 3&2~363@g A sample was purified for
analysis by refluxing with Torite a solution of the meterial
in potassium hydroxide, Tiltration and acidificetion with 50
percent ascetic scid. The purified sample melted at 392~3830,

snal, Calcd. for ©

Oy sfligOpNpt Ny 11,20, round: N,
11.01.

Ithyl 2-{2'=Pyridyllcinchoninate. 4 mixture of 50 ga

{0.2 mole) of 2«{2%epyridyl)einchoninic acid, 500 nl. of abe
aolute ethanol and 90 nl. of concentrated sulfuric acid was
refluxed for eight hours, ol1ll of the materisl going into 20lu=
tion. The expess ethanol was removed under reduced pressure,
aﬁﬁ tﬁ@ regidue was ggax%& over 500 g. of ice water, Yhe
solublon was pade alkaline with 20118 sodiuvn carbonste. The

product crystallized Immedistely and was filtered and dried.
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The ¢rude materisl was recrystallized from 50 percent ethanol
with the pddition of Norite to pive L7 z. (855) of white orys-
tals, melting at 70-71%. A sasple purified for anelvsis
melted at 71-72° after three recrystallizations from 50 perw
cent ethanols. The compound had the same melting point when
recrystallized from petrolews ether (b.p., 60=68%).

Anal, OCaled, for QZ?EXQGQN,: ¥, 10,09, Pound: H,
10.38.

2=Hitropiperonsl. 2-Bitropiperonal was prepared by the

nitration of @ip&raéal following the nethod of ﬁ&l@&glgh in
yvields of 68 and 72 percent, with sides yvields of 1L percent
of 3,Lk-methylenedioxynitrobengens. 'This compound was 8lso Obe

tained in 77 percent yield by the method of ?aryslgs

with a
yield of 14 percent of 3,h-methylenedioxynitrobenzene. The
former wmethod used concentrated nitrie slone as the nitrating
age&t; whereas, the latter method used a mixture of concen=
troted nitric acid and glacial scetie acid.

525%,6,6'=Dimethylenedioxyindizotin-{Piperonalindizo).

PThis compound was prepared in yvields of 47-63 percent by the

method of Jones and Rohinsaﬁlgé

by adding & solution of 2.
nitropiperonal in ascetone to a one normael potassium hydroxide
golution and in 58 and 65 perecnt vields by the method of Tanw
18, Salwey, d. CHel. G0C., 95, 1163 (1909).

185. Parys, Rec. trav. chim., L9, 20 {1930).

186. Jones and Robinson, J. Chem. 80¢., 111, 915 {(1917) .
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aaeséu and &@@2@@338@157 This latter method involves the f0r¥
mation of the sddition produet from 2-nitropineronsl snd acete
one using sodium phosphate as the condenasing agent followed by
ring closure with 10 percent sodium hydroxide solution.

Jal~liethylenedioxyisatine. Considerable difficulty was

encountered in this step which involved oxidation of the ine
dizo to the isstin. The method of Rebinovieh and Dzirkal,l88
which used sodium dichromste and sulfuriec aecid as the oxidize
ing agent, gave yields of li-41 percent of the isatin deriva~
tive with recoveries of Li-54 percent of piperonalindisd.

The use of sodium dichromste and nitrie aai&lg?

gave yields of
20«35 percent of the oxidation product with recoveries of L8
64 percent of sterting msterial, and nitriec acid and chramium
tri&xi&elgﬁ gave yields of l4~54 percent with recoveries of
2l=Lt percent of piperonalindigo. Potaessium permanganate and
sulfuric acid gave a 10 percent yield of 3,Lk-methylenedioxy=~
isatin and 65 percent of starting material. These products
were rather crude, and attenpis to purify then were unsuccrss-
fule

The synthesis of this compound by the method of Robinson

187, ?&ﬁaﬁ?sca and veorgzescd, Bull. soc. chim., /L7, 51, 234
{1932} . ' ‘

188. Rebinovieh and Dxirkel, Khim. Ferm. 2rom., 190 {1933)

[Cohin, 28, 475 (193417,
189, Henessey, J. Soc. Dyers and Colourists, 53, 347 {1937}).

190« Privete communication from the laborstories of Columbia
University, Hew York, H.Y.



)

131 in whieh Zenitropiperonal is converted to the

and Robinson,
eysnohydrin, subseguent to hydrolysis to 2~nitroe3,L-methyl-
enedioxymandelic acid, which is then reduced by ferrous sul-
fate and epmoniuwn hydroxide to 3,h-methylenedioxyisatin, was
attempted, A 46 percent yield of the mandelic noid, melting
s8ix degrees low was obtained, but the oxidetion of this pate-
erial was unsuccessful.

6tzxﬁethylﬂﬂ&&isxguzmahaa§}ﬁ;ﬁeﬁaginie,AQ@Q,IQQ A miXw

ture of 5 g. {0.089 mole) of potassium hydroxide, 15 ml., of
water, 5.7 2. (0.047 mole} of scetophenone and 6 g. (0.031
mole) of crude 3,h-methylenedioxyisatin wes refluxed for eight
hours on the water bath.

The dark brown bomogeneous liguld wes then diluted with
50 ml. of water, snd this solution wes extracted with 200 ml.
of ether in three portions Lo remove the excess acebophenone.
The agueous layver was then acidified with 11 ml. of 50 percent
acetic acld, a derk yellowishe-brown precipitate setiling out
of the reaction mixture. TFiltretion and drying zave five
grams of material.

This c¢rude product was then purified by solution in 30
mle of 10 percent sodiwm hydroxide solution with the sddition
of 20 g« of sodium chloride and 50 ml. of water. The mixture
was heated, chilled and filtered. 7The precipitate was dise

solved in 75 ml. of water, heated with Norite, filtered and

191. Robinson and Robinson, J. Chem. S0C., 105, 1466 (1914).
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acidified with seobic acid. Piltretion and drying zave 2 g,
(22%) of a yellow product melting at 225-250°,
3sb=pethylenedioxyaniline. A suspension of #1 g. (0.48

mole) of 3,h-methylenedioxynitrobenzene in L00 ml. of absolute
ethanol and & teaspoon of Haney nickel catalyst vos heated to
reflux and shaken under 60 pounds of pressure of hydrogen.
Reduction reguired two hours, as shown by the approximste ine
take of the theoreticael smount of hydrozen.

The catalyet was removed by filtretion, and the ethanol
removed by vacuum distillation in a nitrogen atmosphere., The
residue wes distilled in & nitrosen atmosphere t0 give 60 z.
{90%) of & eolorless licquid, b.p. 97° {0.2 mn.)s This product
golidified on cooling.

This compound hes been prepared by the Hofmann reaction
on piperonylic ﬂmidﬁﬁxgg The boiling point was reported as
144° (16 mn.).

gd&m%athgléne&iaxywﬁ%baﬁzgliﬁaﬁ@&ailis&; This procedure
193

was adapted from the directions of Bizelow and ITatough for
. the preparation of N-benzylideneaniline. To 39 g. {0.36 mole)
of freshly distilled benzaldehyde was added with visorous
stirring 50 2. {0.36 mole) of 3,k-methylenedioxyaniline, Re-
action ves irmediate and vigorous, and the mixture became
cloudy and warm. The mixture was stirred for lifteen minutes
19Z. Hupe and von HaJ6s8ki, Bers, 33, 3407 (1900).

193+ Bigelow and Eatough, Organic Syntheses, Coll. Yol. I, 80
C{1944). | = —




and then poured with vigorous stirring into 60 cc. of 95 nerw
cent ethnanol and stirred for ten minutes., The mixture was
plased in the feebox for twelve hours, and gry@t&llizati@n
occurred, The mixture was Tiltered and dried to zive 79 2.
{96%) of a yvellowish~brown solid, melting at &?»50@. A ssmple
purified for analysis by recrystallizetion from agueous ethanw
0l separeted as yellow needles, melting st 49.5%50.5°,

f;ﬁ' @23. 4 ﬁ, éwgzl Pound: ﬁ, 5&5?'

11
6, 7-Methylenedioxy~2-phenyleinchoninic Acid. This prep-

Anals Cnled, for 61

aration followed essentlislly the directions of Gh&miﬂiﬁuslgﬁ
for 2~phenyleinchoninic acid. To & refluxing solution of 72
ge {0432 nmole) of 3,L-methylenedioxy-H-henzylideneaniline in
300 ml. of methanol was added dropwise 27 z. {0431 mole) of
pyruvic acid. Crystallizetion ovcurred Just before the come
pletion of the amddition. The mixture was refluxed for fortye
five minutes end sllowed to cool.

The mass was Tiltered, and the precipitete washed with
cold methanol. The solid was dissolved in & solution of LU g.
of sodiun hydroxide in 1000 ml. of water. Acidification of
the solution with 50 percent gcetic aseld, filtrstion and drye
ing gave 45 z. (LE&%) of a yellow product, softening et 2&03,~
melting at 242-248%,

The compound was purified for anslysis by boilinz & solu-

tion of the compound in 10 percent sodium hydroxide solutlion

19k. Chaminitus, Pherm. Zentralhelle, 69, 550 (1928).
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with Norite. This mixture was Tiltered and acidified with 50
percent acetic scid. The compound melted at 25§~252° on rapid
heating if the sanuple was added to the melting block at s teme
perature of 2309, while if the sample was added at = lower
tempersture with slow heating, the produect sublimed at aporoxe
imately 225°,

Anal. Celed. for ai?ﬁliéﬁﬁz Hy, 478, Found: N, L.57.

Hethyl 6,7-methylenedioxy=2=nhenylcinchoninate. One gram

{0.,0034 mole} of 6,7-methylenedioxy-~2-phenyleinchoninic acid
wes suspended in 200 ml, of absolute methanol, and anhydrous
hydrogen chloride was passed in Tor fifteen minutes. The nix-
ture became warm and was sllowed to stend for four hours,
eryatals separeting on ecooling,.

The mass was poured into excess sodiunm bicarbonate s0lue
tion with good stlirring snd allowed to stand for twelve hours.
Filtration and recrystallization from methanol gave 1,04 2.
{quantitative) of vellow needles, melbting at 132-133°,

The crude acid {nep. 32§a25gﬁ} obtained from 3,4-methyl-
enedioxyisatin was esterified as described above, Ixtrsction
by methanol of the dark precipitate obtained, refluxing of the
mnethanol golution with Norite, filtration and cooling, gave
crystals melting at 132*1336* This product showed no depregw
sion in melting point when nixed with a sample of the ester
deseribed above. |

Anal. OCaled. for glgﬁIBQkxz H, La56. Tound: H, L.69.
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195

l~Biethglﬁmina~§mb@nmyliﬁﬁﬁ@ﬁﬁiﬁ@ﬁ%ﬂﬁ@ﬂ@.' A mizture

Of 15.8 2« (0.2 nole) of lﬁdi@thyiaminanﬁuamimapamtan@196

and 10.6 g. (0.1 mole) of freshbly distilled benzaldehyde in 25
ml. of enhydrous benzene wes shaken for ten minutes and the
mixture became werm and turbid. The mixture was sllowed to
gtand for ten ﬁﬁaﬁs during whieh time water separated.

The water layer was ranoved, and the benzene layver dried
over snhydrous sodium sulfate. Removel of the solvent by dis=-
tillation and fractionation of the residue gave 10.L z. (67%)
of a colorless liguid; b.p. 148-150° (2.5 mma); 0 1.5134;
&gg 0.9087.

Anal. Caled. for C, Hl,.n: W, 11.38, Tound: W, 11.36.

;r?i%t@yl&&inﬁwﬁqéfahlﬁ?aﬁﬁﬁﬁyliﬁﬁﬁ&aﬁiﬂﬁ@@ﬁﬁ%&gg195

A mixture of 7.9 g. (0.05 nmole) of l-diethylanmino-lLesminopene
tene end 7 g. of g4chlorobenzaldenyde in 25 ml. of benzene was
shaken for thirty minutes and the mixture became warm and
turbid. The nirxture was sllowed to stand Tor ten hours during
which time water separated.

The water layer was removed, and the bonzene layer dried
over anhydrous sodium sulfate. Removael of the solvent by dis-
tilletion and fraectionation of the residue save 943 2. {(71.55)
of & yellow licuid; bep. 150-151° {3.0 mm.); 0% 1.5225; aZo
029989,

iman and Wessie, d. Ale Chem. Soc., 68, 908 (19L6).

196, Kindly supplied by Parke-Devie and Conmpany, Detrolt,
pichizena.
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Anale <Caled. for vléﬁgﬁﬁslr Ny 10.00., ¥Found: N,
10.17.

lrﬂiatﬁylamiﬁﬁwaﬁgﬁmﬁthagybenzykidena&mi&aaa&%&n&.1g5 A

mixture of 7.9 @+ (0.05 molae) of 1~ﬁi&tﬁyi&minawawamiﬁa@@at&ae
and 6.8 g. {0.05 mole) af45&mﬁzgﬁxy%@nzaléahyé@‘in 25 ml. of
benzene wag shaken Tor thirdy minutes and szllowed to stand for
ten hours, “The mizxture was worked up as described in the two
previous preparations,

Distillation of the residue zave 11 2. {(80%) of a vellow
liguid; bap. 154-155% (3.0 ma.); np 1.5210; aig 049558,

Anal. Caled. for Gz?ﬁggﬁﬂz N, 10.14. Found: N, 10.38.

1“9iethyla&ixﬁngﬁggmath@gghﬁnzy1§&@as&g@noﬁeﬁtagg,195 A

mizture oF 7.9 2. (0.05 mole) of l-diethylamino-i-aminopentane
and €48 2. (0,05 mole} of pe-methoxybenzaldehyde in 2% nl, of
benzene was shaken for thirty minutes. It was necessary to
warn the mixture to initiate resetion. 'The mixture was alw
lowed to stand for twelve hours and then was worked up as des-
eribed in the preceding prevarations.

Distillation of the residue zave 10.5 z. {76%) of a velw
low 1iguid; beps 153-154° (3.0 mm.z;_ngg 1.5250; 420 0,958

Anal. Caled. for ﬁl'ﬁ HON: N, 10.1k. Found: N, 10.32,

7 28 g
;:%iﬂt&glamiﬁawgﬁgréimethzégmiﬁeb&nzglia@m@aminagﬁntane.lgs

- A mixture of 7.9 gs {05 mole) of l-diethylanino=he-suninopene
tane and 7«5 . (0.05 mole) of p-dimethylaminobenzaldehyde in
25 ml. of benzene was warmed on a2 stean bath until solution

was complete and allowed to stand for twelve hours. 7The mixe
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ture ves worked up as previously described.
Distillaetion of the residue zove 9.3 g. {64%) of a yellow
0 .
20 0.9u50.
Anale. Caled, for ngﬁ31§5: M, 1Le.53. Yound: N, lh.5L.

1iouid; bep. 193=194° (3.0 mm.); Rﬁg 1.5580; 4

Phenothiazine. This nmaterial was prevared by the general
method in wiieh diphenylamine and sulfur are heated together
in the presence of iodine as a catalyst;115 The yvields were
@&&ﬂtiﬁaﬁi?ﬁu

{?),{?)~Diacetylphonothiazine. Yo a suspension of 53.2

g« {004 mole) of anhydrous aluminum chloride in 175 ml. of
ﬁry.aarhan disulfide was added slowly 19.9 g. {0.1 mole) of
nhenoOthiszine, the mizture turning red. Twenty and four-tenths
grams {0.2 mole) of acetic snhydride was then added, hydrogen
ehloride gas being ziven off as the reaction nroceeded, The
mixture was stirred for four hours and then poured into a
beaker of lce water, a thick pasty mass Torminz. ‘The mixture
wag thon treated with hydrochloric scid snd benzene and ale
lowed to stend for twelve hours during which time & yellow
80114 (9.1 2.), melting at 229-230° separated. 'This solild was
extracted in & Soxhlet extractor with scetone, and 5 g. (18%)
of arenge orystuls, melting at 252-253° was obtained.

Removal of the benzene left s waxy substance from wihieh
€& z. {25%) of Neacetylphenothiazine (identified by nixed m.p.)
was obtained., NHo other identifiable products were obtained.

The orance nroduet was reervstallized from acetone, using

Norite. The purified product melted at 253-254°,



snale Caled. for C16l130208: N, heOke Tound: N, 5.l1ke

The pogitions of ihe acetyl zroups were not determined,
but it wes shown that neithor one was on the nitrosen stom as
evidenced by lack of hydrolysls with elther ethanolic sodium
hydrozride or e¢thanolic hydrogen chloride,

Divutyllormemide. This eompound wes prepared by the

method of Fleser and Jones.io? A mirture of 130 z. (1 mole)
of dibvubtylamine, 100 z. {1.9 mole} of 87-90 percent formic
acid and 600 ml. of toluene was slowly distilled throush g Z2he
inch VYigreaux colunn over a pericd of one and one-half hours
until 500 nl, of licuid distilled. The toempersture of distil-
lation ot the beginning was 8?»38*, and at the end 1t was 108
110°,

The rosidue was distilled at 11 mm. and the fraction dise
tilling at 111-134° was collected, n?0 5 lekkbl. Redistillation
gave 145 . {(92%) of a colorloess liﬁaiﬁ baDe 76=78% (0425
nm) ;. n%p 144353 a5 08932,

ﬂnu1¢ Caled. far C?h O ﬁ, £.92. Tound: I, 5.83.

H-Bromosuccinimide. ?Eia compound was prepared by the
198

wethod of Ziegler from succininide and bromine in scdium
hydroxide solution. The product was analyzel by lodouetric
titretion. I% was hiughly essentisl thaet the materisl be of
the highest purity, as less pure material reculred longer

hesting and gave lower yields in the subseqguent preparstion.

197. Fiescr and Jones, Qrzanic Syntheses, 20, 66 [1940).
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gﬁ%yﬁ!ﬁramaaygtanatal This preparation followed esaen=-

tirlly the directions ﬂf‘Zi@glﬁrlgg for the corresponding
methyl ester. A mixture of 133 sz. {1.0 nole} of 92 percent
Hebrouosuccininide, 228 g. {2 moles) of sthyl Gf&tmﬁﬁtﬂlg? and
300 ml. of gnhydrous carbon tetrachloride was refluxed for six
hours, suecinlimide precipitating, The counnletion of the re-
action was noted in two ways: (1) the nixture turned hrown;
{2) the mizture no longer libersted ilodine from scidified pot~
&ssiam,iméiﬁé solution.

The succininide was filtered off and washed with 100 ml.
of ccld carbon tetrachloride to give, subseguent to drying,
93 2. {9L%) of recovered succinimide. The carbon tetrechlor=
ide wae removed by distillation at atmospheric pressure, and
the excese ethyl erotonate was removed by distillstion under
roduced pregsure. |

Distillation of the residue at 66=-67° (0.3 mm.) gave 158
g« (82%) of naterial; nlg 1.492. The compound has beon Tee
§artedzgadta distill at 97-98° {15 it } 3 ﬁlg 1.L90,.

2

3-Diethylamino-2-hydroxybutyronitrile. ol (Bethod A) 4 -

cooled mixture of 185 nl. of concentrated hydrochloric scid in

108, fierler, ophbh, ochagsr, oechuman, and Yinkelmenn, Anf.,
552, 108 (1942).

199. Michael, Ber., 33, 3766 (1900}).
200, Rembesud, Bull. soc. echim., /57, 1, 1343 (1934).

201+ Unpublished work of C. S, Sherman and L. Goldman, H.D.R.C.
) }l‘@?}ﬂrt ™
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200 ml. of 95 percent ethanol was added with vizorous stirring
to a solution of 279 z. {2.16 moles) of 3wﬁiﬁtﬁvl~ﬁ¢ﬁ0~2,3w
epozypropane in 200 nl. of 955 ethanol, which was cooled by an
ice~bath. The interrnal tenporsture was not zllowed to rise
above 259, To the resulting solution wes added 148 z. {(2.16
moles) of novdered potassium eyanide {95%). The ice-bath waes
removed, and the flasgk was heated by means of a waber heth to
65-70° ot which tempersture 1t was maintained for an hour.

The reasction tomperature was then relsed to 859, and the mixe
ture gently relfluxed for five hours. The nirbture wag allowed
to cosl to roon temperature with stirrine. The solid material
was filtered of 7 by suection and washed with scetone until
colorlesa. The acctone waaﬁiag% were added to the original
filtrate, and the mixture Tiltered sgaine The acctone and
ethanol were removed at stmospheric pressure until the distil-
ling vapors reached g temperature of 02°%, Practionation under
reducsed gréﬁgur@ zave 191 z. {57%) of = colorless liguld, Adise
tilling at 108-114° {2 mme); ﬁgg 1.4516.

3-Biethylemino-2-bydroxybulyronitrile. (HMethod B)

mixture of 111 e {(le2 moles) af epichlor rohydrin, 20.5 7.
{1,138 moles) of diethylamine and 3.6 nl. of wster was stirred
at 2§~36ﬁ Por five znd one-hzall hours. To the resulting solie
tion was added with g%ir?iﬁg.sﬁﬁ ml. of 95 percent ethenol,

56 ml. oF water and 78 ze. {1.12 moles) of potassium eyanide

{95%) ., After 20 minutes the temperature rose to 659, where it



wag kept for four hours. The mixture was then worked up as
deseribed in Pethod he. Distillation gave 115 . (63%) of a
colorless 1ignid, Gistilling ct 99-100° (0.6 mr.); n2&§5
144510,
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IV. DISCUSSION

Aes Bethods of Testing

WMost of these compounds were bested for their therapeutic
activity by Dre. Guy P. Youmans, Norihwestern University Hedie
cal School, Chicago, Illinois. The pharmacologloal results
given in this thesis are still restricted and are given here
only to illustrate the physiclozical effects of the agents
prepared.

,Tbﬁ earlier emphesis in these investigations wes on anti-
malariel sgents. The method of testing these compounds in
avian malaria has been thoroughly discussed by Talmaaglé ‘the
later emphasis wes chiefly on antituberculousagents. ‘These
were tested in vitro agaeinst tubercle bacilli. These compounds
were also tested for other physiolozical properties, and these

results are also given.

B. HigheMolecular Teiszht Nitrogen Compounds

Tertisry Amines

The presence of the tertiary anino group in many effective
therapeutic sgenis made 1t desirable to prepere and exanine a
series of simple tertisry amineg for physiological smetivity.

Derivatives of dibutylamine were chosen for the following

reasons: {(a) dibutylamine is relgtively inexpensive; (b) der~
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ivatives of dibutylamine up to the 31@ alkyl group are known,
and the results obtained would aid the study of homology; (c)
the volatility of dibutylamine was of such & nature as to fac-
ilitate the purifiestion of the reaction products and yet pere
mit the use of a relatively high reaction tempersture. The
entire series of even-nunmbered derivetives were desired as it
is known that physiological properties nmey recur in a series,

The dibutylelkylamines frﬁﬂ€¢22 ta~slg were prepared in
good ylelde by the condensetion of two molar equivalente of
dibutylamine and one moler equivalent of the alkyl bromide.

Ho report bas been received as yvet on the physiological
activity of these compounds.

The unaveilability of the odd-numbered slkyl bromides
mﬁdﬁ gnother method for their preparation necessary. Dibutyle
eminonethyl butyl ether was cleaved by dodecylmasgmesiun brome-
ide to zive dibutyltridecylamine. The cleavasze occurred in 52
ysrﬁgat yield and ithus showed that this useful reaction ean be
extended to high-smolecular weight orzenomelsllic compounds.

Ho report on the therapeutic metivity of this compound bhas
been received, The small amount of variance in the indices of
refraction {l.4471«1l.4513) of these compounds is gulite inter-
es3ting.

It was desirable to test the sotivity of a tertiary anine,
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where all three alkyl groups were hizh-molecular weight zroups.

Trioctadecylamine was prepared by the procedure of ﬁayt.éﬁ

In
the prepsration of ocladecyl chloride, the effect of the pure
ity of the thionyl chloride was guite significant. In the
preparetion of acyl cihlorides, the purity of the thionyl chlorw
lde is not too important, but for alkyl chlorides very pure
meterial is necessary.

The aotivity of tricotadecylemine against tubercle bace
1111 in vitro was D10 (base 2,5).

Tertiary Amines from Molecular Rearrsngements

The reaction of xX~halogenonaphthalenes with lithium di-
ethylamide to give S-diethylaminonsphthelene has been described.
The presence éf the naphthalene indicalted the possidbility of
halogenw-metal interconversion being a side-reaction during the

rearrangement, but noof~naphtboic acid could be isolated and

Br

N Egﬁ
O #omm =00 00

identified. A-Diethylaminonaphthalene had an activity of 5.0
(base 2.5} against tubercle bacilli in vitro.

Kylalzé‘faﬂné that lithius dibutylamide save a better yield
than 1ithi§m}diaﬁ&ylgmiéa* & logleal extension of this resc-

tion was the reccilon of lithium didodecylamide with o{~bromo
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naphthelene, &ﬁarr zement was found to occur in hetter yield

althouzih the high bolling point @fﬁzfﬁi&Qﬁ@aylﬁmiﬂcﬁayﬁt&&l@na

made purification difficults The melting point of the hydrochlor-
ide ecould not bhe r&iﬁﬁé o the melting point of the authentic
gpecinen, bubt a mired melting point was not depressed and lay
between the two samples. Sinilariy the observations of Bick-

inbottom and 1&mb%?@’l§$

that the di-hich-molecular weizht al-
kyl anilineg d4id not form picrates, was confirmed, The use of
other methods of identificatlon such as the formetion of addie
tion products or coupling were glso unsuccessful. The nonepol-
ar solveut ﬁffgaz of these zroung was noticeable in the ethey
solubility of the hydrochloride. 4 report of the therapeutic
sctivity of this hydrochloride has not been reccived.

Three moles of S-nupintihylanine and one mole of dodoeyl
bromide in ethanol seve an 283 percent yield @fﬁéfﬁnﬁaﬂﬁﬁylﬁ
aminonaphtaalene, thus substantiating the generelization that
where an excegs of anine ecan be used, very zood yields of ale-
kylated smines are ohtained. However, uvnavailability of some
amines and phvesical properiies which mwake geperetlion of £
excess amine ¢ifficult meke obhor methods of syuthesis deslr-
able. The u%@ of metellie derivatives of apiney where regle.
ranzement does not btake place seapg 0 hﬁ‘way%hy of further
study. “his method was pot Turther investligsted in bthis gtudy.

AB-n-podecylsninonaphthalens and dodecyl bromide were
reacted to give 37 percend Qfﬁiﬁﬁiﬁﬁﬁ@@?l&ﬂi&ﬁﬁﬁ?ﬁtQ&l@ﬁﬁa

Again the high boiling polint wade purificstion of the product



«llBe

difficult.

Another interezting varistion was the reaction of g%
chlorophenyl dodenyl ataer with lithium fiethylamide. ﬁyl&zﬁz
found that the use of g<chlorovhenetole zave & yvield of 38% of
the mets amine as compared with 35% of me~diethylaminoanisole
under the sane conditions. However, zfter twventy-four hours
reactlion tinc no evidence of resction between g<«chlorophenyl
dodeeyrl ethor and 1l4thium diedthylamide was obtained. 7This is
in line @ith the oboervation of ﬁasang? who found that _gschloro~
phenyl dodecyl ether and sodamide ip liguid srmoniz would not
react and that the use of the hizh pregeure copditions of &
bomb vag nececssry to cause reactlon and subsecuent rearrango-
ments This possibllity, Lowever, was not investigatod with =

chlorephenyl doCecyl ether.

perivetives of Anines

Compounds of the ﬁ&& {tetradecyl) and glﬁ { hexadecyl)
geries seenmed esvecially promiging as therapeutic azents.
ﬁr@&aﬁ hag given the importance of the @1& and ﬁlé chains
againgt human tubercle bacilli, and the studies on quaternary
ammoniun salts éav@_furﬁh&r enphagized the vharmecological ine

561

portance of the giﬁ chain. Adames and his group, in their

studles on leprosy bacilli, found 16 carbons to be the optimum

Z02» UNpPUDGLiShned BLuAies oF N He Kyle.

203, Unpublished work of L. P, Cazon.
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nupber of carbon atoms,
The need for derivaetives of high~molecular welzht sliphate

ic emines hes been emphasized by %ﬂ?t,éﬁ Q&rherllg

and Hune
t@f.zﬁ& These workers prepared derivetives of dodecyl= and
octadecylanines but not tetradecyle and hexsdecylamines., These
investigators used as derivatizing reactions: (s} the conden=
sation of amines snd carboxylie or sulfonic acids to form
ammonium salts or amides; {b) the resction of amines and acid
derivatives to give amides, and {¢} the formation of ures and
thioures derivatives.

These pharmacological and chemical considerations initias-
ted the pf%p&rahianfaf derivatives of tetradecyle~ and hexaw
decylanines,

In the preparstion of suiteble derivatives for highemole
ecular weight anines, ﬁaﬁhayllg

epmphanized the necessity of
uging pure starting nmaterials. He stated, "In hizhemolecular
weight aliphatie chenisgtry the rule holds that to prepare pure
compounds one must start with opure compounds. This is because
the impurities are  usually also of high-molecular welzght
and, in general, have the samne physical properties™. The
finding of Herber that the use of pure amines gave sharp mells
ing derivetives was substantiated.

119

| The preparation of highemolecular weizht amine hydro-

ehlorides by the use of absolute ebhancl and hydrochloric acid

2004 %g%z§§, Baday Eﬁﬁ%ﬁ?&irﬁiﬁﬁﬁrtatiﬁﬁ, Iowa State College
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was found to be very satisfactory, itetradecylanmine hAydrochilors
ide being obtained in 90 percent yleld and hexadecylanine
hydrochloride in quanvitative yield. Against tubercle baeilli
in vitro, tetradecylamine hydrochloride had an é@tivity equal
to that of 4,L4Y~dieminodiphenylsulfone /2.5, base {2.517,
while hexadecylamine hydroechloride hed an sctivity of 10.0
{base 2.5}« This remerkeble difference in sctivity suggested
the Qr@?&?&ﬁiﬁﬂ and testing of dodecylemine hydrochloride, but
roeports on the getlivity of thirs compound have not been row-
ceiveds

The preparation of the uress from the amines and potas-
sium cyasnate proceeded in gzood yield with ease., Likevwise the
resction of the amines and carbon disulfide save the thioureas
in good yield. 4&lthougzh these urees haed been previously pre-
pared by another nethodtl? ena dihexadecyl-thlourea wes
kﬁﬁ%ﬁ,l33 no tuberculostatic activity of these compounds has
been pgiven. Qit@ﬁrﬁééeylﬁhicgre& showed an activity against
tubercle baseilli of 10,0 (base 2.5}, and dlhexadecylthiourea
showed an activity of 210 {base 2.5}, Agaln the greater ace-

tivity of the ¢,, derivative was nobicesble. Ho report has

14
been received on ﬁ@traéﬁa§1-ﬁr%&, but the tuberculostatic ace
tivity of hexsdecylurea was 10.0 (base 2.5}).

The phenylthiouress were easily prepared from phenyl 150w
thiceyanete and the amines. The therapeutic activity of the

CHB group initistcd the preparation of these compounds, [No



“115m

renort has been received on the tetraﬁ@cyl gomnound, and the
tubereculostatic ectivity of H-phenylelt~hexadecyl thiourcs was
D10 (base 2.5).

The oxslaemides formed very essily end were easily purie
fied. The tetradecyl compound had an,aativity against tuberw
cle bacilli of >10 {base 2.5) while hexadecyl-oxslamide had an
activity of 10 (bese 2.5}« In this csse the hexadecyl deriva-
tive sppeared to be more active, ‘

The benzenesulfonsmides proved o0 be emsily formed and
eagily purified. Ho reports on their therapeutic activity
have been received,

Thus, none of these derivatives shows promise as thera-

peutic agents egainst tuberculosis.

Table I

Eelting Points of Amine Derivatives

Derivative Cq2 , GRA& ﬁléa
Urea 107° @ 112-113°  106-107°
pithiourea The5-75° ¥ go-g1® 87-88°
Phenyl-thiourea 694569, 8° b 774 578,00 82-82,5°
Oxalamide 120-121° ¢ 118-119°  119-120°
Benzene-sulfonamide  58.0-58.5° °  66-67° 71-72°
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Table T {Continued)

Derivative (ized ¢y, & Cp0)° Cig

Urea  104-105° 112.5-113° P
Bithiourea 78-79° 95.2-96,0° P
Phenyl-thiourea  75<76.5°  g6-87° ®
Oxalanide 115-116° 119-119.5° °
Benzene-sulfonamide 6264° 77=7745° b

Although these derivatives were essily prepared in good

- yields, their melting pointe (Table I} are so close that they
are not too valuable for éia%iﬁguiaﬁimg the tetradecyl from
the hexade¢yl Qerivatives. The small depressions of the mixed
melting points fram the melting point of the tetradecyl deri-
vative and the ﬁﬂf?ﬂ@ melting ?agg@_@f the mized melting
points is quite noticesble, The oxalamides melt remarkably
close and the reverse melting point order of the ureas is af»
interest. OF the derivastives prepared in this investigation,
the benzenesulfonsmides appear to be best. They nelt five de-
grees apart and a mixture of the two QGI& and glé§ gives a four
desree depression. Other derivetives may prove nore valuable
in the above respect, but as the chlef interest of this thesis

was in therspeutic activity, no further studlies were nade.

(a) prepared in these investisationsy {b) ref. 119; (¢) Grune
feld, tompt. rend, 194, 893 (1932); (4} ref. 117.
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Ce High=lipleculsr Veight Sulfur Compounds
guinoiine Suifides

The guinoline ethers, especiaslly the Gemethoxy deriva~
tives, have proved to be wvery good antimalerial agents. Plese
moguin, gquinine and atebrin, the three most effsctive antimalw
arials, are bemethoxyauinoline derivatives. In anti-tuberculous
@tu&i@ggBh the ether linkage was found to be of some walue.

The replacenent of oXygen by sulfur inkﬁame aromatic phenols
has been found““” to inerease the bactericidal action against B.

tyvhogus and Staphs aureus. Thesge conslderations made worthy

the investigation of guinoline sulfides as theraneutic agents,
4 series of 6-quinolyl dodecyl sulfides was prepared., 5«
Hitrowb=~chloroguinoline and soldium slkyl mercaptides at room
temperature gove good yvields of the S5-nitro~bt-guinolyl alkyl
sulfides. The effect of temperature in this condensation was
guite noticeable. Vhen the sddition was mede &t the reflux
tamyerﬁtﬁy@ of methyl cellosolve, only a sunall amount of pro-
duct was obtained, but if the reactants were allowed to stir
at room temperature for at leasst two bhours, the mixture could

206

then be heated. Benkesey observed sinilar results with 7«

nitro~8«chloroguinoline and sodium methyl mercantide.

205, (a] Hilbert and Johnson, J. Alle Chem. Soc., 51, 1526

- {1929} ; (b) Dunning, Dunning, and Drako, ibid, 53, 3466
{1931}; {e) Klormann, Gates, and Shternov, ibid, b4, 1204
(1932); (4) Suter and Hensen, ibld, 54, 4100 {1932).

206. Unpublished work of Ra Ae. Benkeser.
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Beliitro=-b=quinolyl dodeeyl sulfide was reduced to S5-am~
ino~6-guinolyl dodecyl sulfide with Raney niakallék in the ug~
ual menner. This amino group nroved guite unreactive, I
could not be condensed with salieylaldehyde nor acetonylacotone.
Phe amine could not be condensed with S-isopropylaninopentyl
chloride hydrochloride either with forty-eizght hours of re-
fluxing in ethanol or by heatling the two components without &
golvent., The acetenido derivative, however, was successfully
?@ﬁ?&fﬁﬂ»;

fBepootonido=b=chloro-s-nitroguinoline wag condensed with
godiuam alkyl maraagﬁﬁéas,l&g This acetanido group was very
easily hydrolyzed, and with both the methyl and the dodecyl
compounds, the smino, rather than the scetanido compound, was
obtained. The higher melting point snd the greater insolubil-
ity of the amino derivaetive was also cuite striking. In these
condensations the temperature of addition had no effect,.

Swanino=S-nitro-buquinolyl dodecyl sulflde was ﬁcéﬁylat@é
using ascetic anhydride and ascstle acid. Reduetion of this
soetylated compound to Seacetanido-S-amino=-H~guinolyl dodecyl
sulfide required e hizh tempereture. SeicetanidowS-aminowbe
guinolyl dodecyl sulfiﬁ%'a@alé not be purified, the product
oiling from all petroleum ether solvents. This product was
acetylated to 5,8-diacetanido=-b-guinolyl dodecyl sulfide,

No therapeutic resulis hsve been obltained on these conie
pounds.

The ring closure of p-acetoacetanisidide with sulfurie
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acid to 2-hyvdroxy-b-methozylepidine, followed by replacement
of the hydroxy group with chlorine using phosphorus oxychlore
ide, was Tound guite adaplable to larse guantitles. The ree
duction of Rechlorowb-methoxrlenidine to bG-methoxylepidine was
gdopted to the reduction of 200 g. of materiel, effording o
congiderable saving in tine.

&uﬁﬁtﬁ@xywamwﬁtﬁylwﬁ»mﬁlaragain@liﬁ@ wae condenced with
sodium dedecyl mercaptide in zood wvield, It was found that if
the mercaptan was added to the sodiun methyl cellosolve derie
vetive at a low tenperature, the condensstion could be run
without the use of ﬁitrﬁgaa,v
The recent ﬂhﬁ@??&%i%ﬁll of the favorable physiolozical
action of the Te-ciloroguinoline derivetives initlated the pren=
aration of 7e-chloro-b-cuinolyl dodeeyl salfide, which was Obm
tained from L,7-dichloroguinoline and sodlium dodecyl mercape
tide in good yield,

Ho therapeutic reports have been received on these come

pounds .

Hydroxy Sulfides

The therapeutic value of the secondary carbinol zroup and
the sulfide group made desirsble the combination of these two
groups in potential medicinal agonts. |

l-Diethylanino-2,3-cpoxypropane was condensed with sodium
dodecyl mercaptide in 58 psrcent yield. This condensation

product ecould not be oxidized with hydrogen peroxide to either
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the sulfoxide or the sulfone. 3,h~Epoxybutene~]l and styrene
pxide were cleaved in zood yield with sodium dodecyl mercape-
tide and sodiun hexadecyl wercaptide,
The reaction of these eporides with mercantans can zive
rise to two products:
24
ReC~CH, _SR?Y {a)

PN

R~CH —— CH, 4 R'SH 7 it}
N/

N

F
gﬁ@ﬁg&g {v)

3
Rt

It wes shown that the cleavage ocourred as in method (a)

by the following series of reactions:

;5
O-«s S0, CygHzssla ~£i§~—ﬁﬂ semﬁzs 7
oH

W

| 1o,
@ ﬁr‘éﬁi
S wCH80,
12725 2
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K@z
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These results are in sgerecment with tae obgervations of
Fa}lﬁarﬁgﬂ? on ahe cleaveze of styrene oxides with sodiunmthyl
mercantide,

Satisfactory derivetives of Z-~phenyl-Z-hydroxyetiyl dodecw
vl sulfide could not be prepared. The methiodide proved to be
an 0il, and the 3,5~dinitrobenzoate melted at 34°%, The naphe-
thyl urethan ecould not be prepared. I-Hydroxy-l-butenyl do-
decyl sulfide would not form an addition compound with zold
trichloride nor platinum chloride.

Phenaneyl bromide and sodium dodeeyl mercaptide rescted in
sgtisfactory yield,

2ydrory=-3-butenyl dodseyl sulfide, 2-hydroxy-3-butenyl
hexadecyl sulfide, 2ephenyl-Ze-hydroxyethyl dodecyl sulflde and
2enhenyl=-2ehydrozyethyl hexadesyl sulfide were insctive in

avian melaria.

Inidosulfides

The CHS zroup has beon shown 10 be gquite effective mediow
in&llyggag The irritant sction of some of the thiocyanstes
made it desirable, however, to "cloak® this zroup. It was
therefore considered wige to prepare an imidosulfide, Rn§§S&,
for pharmecoloziecal testing.

The saturation by anhydrous hydrogen chloride of o mix~

307 TRlifart, L., unpuiblisbed observation.

208, Arnold, Ber., 758, 87 {1943).
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ture of tetradeeyl mercaptsn and myristonitrile gave a 65 perw
cent yield of tetradecylinido tetradecyl sulfide hydrochlorw-
ide. The use of ether as a solvent gave a 55 percent yield.
The solubility of this compound in ether undoubtedly accounted
for the lower yileld.

Ho report on the physiologicsl sctivity of this compound

has been received.

Inioketones

Fra&ﬁl&nﬁarsz found thet thiobenzophenone had an inhlbe
itinz effect againet tuberels bacilli. This effect was greatw
er than that of benzophenone, whieh hed been shown to bave
bacterlogtatic action sgainst the bacilli in 1:10,000 dilu~
tion.2?® This suggested the preparation of a long-chained
thioketone, such as thiolaurophenone.

Phe method<C? ghosen for this preparation wes the prep=-
aration of laurophenone diehloride from laurophenone and phoSe
paorus pentachloride, followed by reaction of the dieikloride
with sodium sulfide.

The rescition of lsurophenone with phosphorus pentachlore

ide @id not gzive the expected diehloride, but instesd an B8

percent yvield of the umsaturated monow-chlorocompound was Obw-
tained.

'””~‘~iauaimgﬁr ﬁﬁé”ﬁrﬁaﬁﬁﬁﬁﬁy zer, Organic S
goll. Yol. I, 573 (1944). ’
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The reaction of ascetophenone and phosphorus pentachloride
has been shown to give l-phenyl-l-chlorcethylens in sood

yi&lﬁ,lyg

but it was hoped that the longer zroup might stabile
4ze the chain. Apparently the cleasvage of hydrozen chloride
is impmediete and quantitative.

l-Phenyl=l-chlorododecene showed no estrogenic activity
at 2 mg. dosage.

No Turther jrvegtizations on the preparation of thio-

laurophenone were made.
Eergurials

The germicidal activity of merthiolate suggested the
value of changes in ite structure. The proposed modificstion
was the preparstion of the dodeoyl homolosue. During these
investigations, &SWQV%?,‘Rﬁ@%flbi in a study of organic meroury
compounds and mercapto scides prepared the dodecyl homolopue

among his other compounds. No report was given of the physe
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iological activity of this compound and 8o the preparation was
continued.
Dodetylimercuric bromide was prepared in 71 percent yield,

%% po-

a 17 percent incrsase over the yield reported by Mecls.
decyluercuric bromide and thiosalieylic acid gﬁve1g&aoé&cylmﬁf«
curimercaptobenzole acid in 15 percent yield. However, the
largze anounts of recoversd dodecylnmercuric bromide and dithio-
salioylic necid suggest that the thiophenol probably formed the
disulfide before the dodecylmercuric bromide could react.
Preparstion of the thiophenolate under different conditions
would probably give & good yield of the product. However, as
sufficient product wes obtained for testing, the resction was

not further investipgated. .



D. ¥iseellaneous Compounds

Einchononic Acids

The discovery that guinine on oxidation zave S~methoxyw

cinchoninic acid has gtiomuvlated regseerch on these meids. Cine
choninie scids, thenselves, have nproved to be valusble nedis-

cinals, especlally in the trestment of goul and rheunatic fevers

Thegs Lhoropeutde valuss In addition to thelr use as §

ag internede

ietes in the gyntheuses of entinelerisls initisted the prepe-

eration of cinshoninic acida.

gne of the acids desired was Z2«-{2t-pyridrllcinchoninie

acid. (XIV}. The oetlhod chosen for lits synthoesis was:

0 0
2 /

g C 8 0H "
-city 'm%f— c-on  —&Hrr ~6-00 1

0

| 0
CH4C-00 JH5 . N
NaOCZH, C-CHj

(1)

C=0K C-0H

_KOH _ =0=0 |
H
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Picolinic acid has been vrevared by the oxidation ofel-

‘as . 210
picoline with acueous potussium permangsnate, and the method

degseribed gave consistent regsulis. The method is desceribed in
detail as many divections for the isolation of the zcid are ine
complete. This method mey be of value where a water-soludle
acid iz prepesred. Tho setivity of this compound ageinst the
tubercle bacilli in vitro was )10.0 (base 2.5},

The use of hydrogen c¢hloride as the esterifyinz agent in
the preparation of ethyl pieolinste has been deseribed by tng-
I@rzli end He %&y@y*glg neither of whom geve a yield. Later
workers bhave not used this method, probably due to the influence
- of e&mga,zlj who pointed out btwo disadvantaszes: {1} the cloge
ging of the ges inlet tube, which was successfully avolded in
these investigations and (2) the need of a large amaﬁﬂt of hyw

drogen chloride pas. At the o

ame time Cawmps reported s 90
percent yield using sulfuric acid as the esterifying apenta
However, no later workers hsve reported duplication of his

yields. Pinner<id

sarller reported difficulty usihg sulfurie
acid. Neither Wibaus?l® nor murris and Powell?® could dupli-

210. Cf. Binger end WMoplvein, grganie
{1940) .

211. Engler, Ber., 27, 1785 (1894).

212. Heyer, H., Monstsh., 22,‘k33 il?ﬂéiw

213. Cenmps, Arch. Pharm., 240, 346 (1902}.
214. Pinner, Ber., 33, 1229 (1900).

215. vibaut, Rec. trev. ghim., 45, 656 (1926).

£

Syntheses, 20, . 79
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cate Uanmps!' yield, the former obtaining 49 percent and the lalb=-
ter 30 percent. The use of sulfuric scid probably caused some
decarboxylstion of the acid sg the Z2- position in pyridine
nucleil is known to decarboxylete casily.

The ester has also been preparyed from potassium picoline
ste and ethy] potassium sulfate with a small smount of ethanol
under pressure st 15@31§1?

In these investigations the use of hydroszen chloride as
the esterifying agent proved guite satisfactory, the ester bee
ing obtained in 73 percent yield with 15 percent recovery of
the acid.

Ethyl picolinate had a tuberculostatic aetivity of 5.0
{base 2.5) and was not clearly anslzestic,

?inaﬁrzlg first condensed ethyl nlicolinate and ethyl acet-
&ta'&sing goéiu& sthoxide as the condensing agent. This cone
&aﬂg&ﬁi&n has also been carried out in 50 nercent gi&lﬁt21§ U

4220

ing potassium ethoxide and also in 50 persent yiel using

sodium. Methyl Z-pyridyl ketone has also been prepared in 22
percent yileld from Z-cyanopyridine an&,mathylm&gaasium,ia&ié@,zzl
and by the dry distillastion of ealeium picolinate and caleium

ly 2o gﬁnggggﬁ Goce, 67, 1469 (1945).

217. Reyer, He, Yonstsh, %;, 365 [B&il,, Vols XXII, Springer,
Berlin, (19357, D» 357, '

716, Burris end Powel

218, Pinner, @ggiﬁdgg,‘2§§?‘{l$@17p

219. Clemo, Holmes, and Leitch, J. Chem. Sog., 753 (1938).

220, winterfield and Holschneider, Arch. Pharm., 273, 315 (1935).
221. Kolloff and Hunter, J. fm. Chem. S06., 63, 490 (1941).
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222

acetate, no yield being given.

The preparation of methyl 2-pyridyl ketone described in
this thesis followed the procedure of Xolloff and ﬁuﬁt@r¢221
These workers obtalined a vield of 50 percents By a simple
chenge in the method of working up the resction nmixture yields
of ‘75 percent were consistently obtained. ¥olloff and Hunter
dissolived thelr reaction mixture in water and extracted the
agueous solution with ether. These workers then warmed the
aguecus alkaline solution to remove the ether., Thls probably
cauged begsic hydrolysis. In the present investisetions when
the alksline mixture wes warmed, yields of only 16 and 43 pere
cent were obtained.

2e{2t=Pyridylleinchoninic acid was prepared in 81 per-
cent yield from methyl Z-pvridyl ketone gnd isatin using »ote
assiwn hydroxide. This produect was esberified in 85 pesrcent
yvield with ethanol by sulfuric acid. ¥thyl 2-{2t=-pyridyl)=-
einchoninute wes insetive in tuberculosis /10 (bese 2.5)17.

Another produet desired was 6;?wmﬁthyleﬁeﬁiaxy~2~ynaayln
¢inchoninie acid  {XV )¢ This compound had previously been

prepared in poor yileld by the following %yn@heﬁis:igﬂ

8] ‘ 4] : GH,, GCH
CHy . . - ﬁﬁg Lz%g"E§L9
HO T JHNO3/ Enﬁz -CHO aCiL/
0 o v |

722, Tngler and Rosumorf, Ber., 24, 2527 (1891).
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(xv)

Attempts to prepare the desired product by this method
were not encouraging, Yo diffliculty wes experienced in the
nitrstion, but the mixture of nitric and scetic zcids was
found to give better yields. The condensation to the indizo-
tin derivative in one step was found not go satisfactory as
the preparation of the compound in two steps; first, isolation
of the additlion product obtsined when sodium phosphate was
used as the condensing agent and second, ring closure using a
weakly basic solution. HNHo very satisfactory method of oxidaw
tion of the indigotin derivative to 3,4-methylenedioxyisatin
- wag found. The canﬁ&aa&tiaﬁ of 3,hk~methylenedioxyisatin with
acetophenone by potaselum hydroxide wes fairly satisfasctory,
considering theo purity of the isatin derivative,

These difficulties, however, sugsested the desirsbility

of another methoed end the following synthesis was developed:



N

0 |
0 HO

CH.. g_‘ﬁ Z 3 19151
e 0, Taney Hi 2 <<;:I:::]ﬁﬁ

0 | 2

9 .

Q .
CH, H Il
~N=C O - CHaCCO0H {(xv)
, —

3, h~lethylenedioxynitrobenzene was obtained in 1lJ percent

yvield es & side product in the nitrstion of niperonal. HRew
duction using Raney nickel eatalyst proved quite satiafaétgry
as did the formation of the anil by the reaction of 3,L-methyl-
enedioxyaniline with bvenzsldehyde. The condensation of the
anil with pyruviec acid went exceptionally well {L48%), conside
ering the fact that only one-half of the anil is available.

Yhe identity of the acids prepered by the two procedures was
proved by the method of mixed melting point of their methyl

estors.

anils

;'1 -
It was recently ﬁﬁﬁ%ﬁQz} that Semethoxy-2{3t=-chlorophenyl)=-
aalﬁﬁgmeﬁﬁyi~dﬁdiatﬁylamiﬁab&ﬁy1}~8m£3§7 guinoline {XVI) was

active in experimental avian melarisl infections, This com=

223. Gilmen and Spatz, J. Au. Chem. Soc., 66, 621 (1944).
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LSS

(XvI)
pound, nodeled after etebrin {(III), had =« chlorophenyl group
in place of the Tuzed chilorobenzo zroup in atebrin. A related
compound, 2-(3%-chlorophenyl)el= ['{giwm@thyl«g@ﬁ iethylaninobut=-

yl&&inel7?énma%hyi guinoline {(XVII} was alzo found ﬁative.zﬂh

HN-CH(CH3) (CH,) 3N(C5Hs) 5
|

RSSO

{Z¥II)
Use of the sisple central pyridline puclens of atebrin as
g Pandamental grouping produced z-igyly&iﬁtﬁyl&miﬁmpr@gylaminaﬂ

phenyl)-pyridine {AVIXI) which was sbown to be &sﬁiva.ﬁgg

H
QO-N—(CHZ)B-N(CZ,HB) )

(xviin)

Bohe GLlinen, Chris tiaﬁg and Gpotz, ibid, 68, 000 {1946).
225, Gilmen and Tdwerd, ibid, 68, 000 (1946).



These favorsble results indlested that appropristely sube
stituted anils heving the szomethine grouping which is pregent
in the ebove nitrogen heterocycles mizht be active. Following
this idea g series of anils was prepared from l-diethylemino=-
heaminopentans and veriocusly substituted benzaldehvdea. The

gencral type of reasction was:

Qgﬁﬁﬁ%ﬂ +~EﬁzﬁdfﬁﬁB}{GE2}3§£§2ﬂ53 ~*¢»$éﬁ 3u§ G?ﬁﬁ ) ﬁ(ﬁéﬁﬁ 2
Hone of these compounds wag found active iﬂ.@YQﬁ?iﬁaﬁfal

aviaen malaris,

Phenothiazine Derivatives

The low toxicity'? of phenothiazine to animals and its
high setivity ageinst lower forms of life suggested the intro-
dueticr of some highenolecular welght aliphatlic groups into
the phenothisezine nucleus,

It was planced to introduce these pgroups by memns of a
Friedel and Crafts resction. However, sinee few orientation
gtudics on the phenothiazine nucleus have been made {pe i),
it was desirable to first introduce s lower slkyl zroup and
determine its positione.

Phenothiazine was acylaeted with two moles of sgetic ane
hydride in carbon disulfide to give a dilacetyl phenothiazine.
The position of the meostyl groups was not determined, but
failure of hydrolysls showed that neither group was on the

nivrogen abtom. This ssme type of reasrrangement has been gnown



«133=

226

to ocecur in the carbazole nucleus, and by analogy, the posi-

tions of the acetyl group are probably 3 and 7 {(XIX):

{(xx)

This work was Iinterrupted, and further investigation was

not cerried on.
(%) s{2}=Diacetylphenothiszine wae insctive in tubercul-
osis /10.0 {vase 2.5)7.

Dther Miscellaneous Compounds

Dibutylformamide was prepared in 92 percent yileld from
dibutylamine and formic acid. Ite sotivity on tuberculosis
was D10.0 (base 2.5}

A novel method of bropmination of allyl groups whereby the
gapma earbon stom way be bromineted without sddition to the un-
saturated linkases has been developed by Zieglerlgg‘&nﬁ GO
workers. This procedure involves refluxing the unsaturated
compound with N-bromosuccininide in carbon tetrachloride.

Bthyl zybramaératmnatﬁ vas deslired as an intermediate in
another synthesis. This compound has been previously prenared
in 60 percent yield by the bromination of ethyl vinylacetste
and the removal of hydrogen bromide with sodliunm @thﬂxiﬁ&;zg?
226, FIant ond TomLinBon, Ja. ochens S0¢., 2188 (1932).
227, Glettfield and Rietz, J. Au. Chem. Soc., 62, 976 (1940).




w13l
The depydration of ethyl Z~hydroxy-3-bromobutyrate with »hosw-
phorus @ﬁntaziaagzg geve the product in 28 percent yield. It
hesg aleo been obtailned by the reaction of ethyl 2-hydroxy=-
erotonate with phosphorus tribromide in eﬁﬁﬁrgﬂe {no yield
given) .

Bromination of ethyl crotonste with bromosuccininmide in
carbon tetrachloride afforded 82 percent of ethyl Y~bromo-
erotonate.

3=-Diethylamino~-2-hnydroxybutyronitrile, an intermediate in
some entimelarial studies, hed been prepared in two steps with
an overall yield of 35 percent. In these investigations is
degeribed a procedurs whereby the two steps were combined and
a 62 percent yield was obtained, thue giving considersble inme

provement in yield and s saving in reaction tine,

228, Braun, 1bid, 52, 3173 (1930).



1.

2a

3

Le

Se

6.

l35.
Ve SUMARY

General reviews of the chemotherapy of malaris and tubere
culosis have been nade,

A survey of the physioclogical properties and therapeutie
uses of compounds containing highe-molecular welight alie
phatie groups has been given.

Yhe large amount of lipoldal tissue present in certain
strains of bacteris, such as the tubercle bacillus, sug-
gested that the introduction into potentisl physiologice
ally-getive structures of groups which would be lipoidale
soluble might give rige 1o valuable medicinasls. This
thought initiasted the gtudy and nreparetion of nitroszen
and sulfur compounds containing hishe-molecular weight
alivhatic groups as therapeutic agonts.

Several nitrogen derivatives have been made for thersw
peutic testing. Th@g@ agents igalaﬁe}ﬁiﬁatylalkyl&mines
and derivatives of tetradecylamine snd hoexadecylomine.
Hearrangement has been shown to occur during tha're&etisn
between «%=halogenonaphthalenes and lithium éiﬁlkylamidas,
AB-gialkylaminonaphthalenss being formed.

Several sulfur derivatives containing highemolecular
weleht aliphatic groups have besn prepered for pharmscole-
ozicel testing. These compoundes include quinolyl dodecyl
sulfides, hydroxy sulfides, inidosulfides and sulfur-con-

taining mercurials.
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The reaction bebtween lsurophenone and phosphorus pentaw
chloride has been shown to give l=phenvl-l=chlorododeccne~l
in good yield.

Severnl miscellaneous compounds have been prepared for
physiologioal testing. These compounds include anils dew
rived from ledietiylamino-i-aminopentane, substituted cine
choninic acids and phenothiazine derivatives,

Conplete pharmscologiceal results are not availadble, but
nope of the compounds on which revorts have bﬁ%ﬁ‘r@ﬁ&i?@ﬁ

has shown any siznificant therapeutic activity.
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