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I. IKTRODUCTION

The study of sulfur compounds represents a relablvely
neglected page of organlc chemigstry. In at least two dircc-
tions its importance has, in the last few years, become felt
more and more strongly - the fileld of industry and the rield
ol pharmaceutical and biochenmlcal rescaorch and chemotherapy.

The triumph of chemotherapy may be said to date baclk to
1210 whon Lrhlich discovered Salvargan as g cure for syphilis.
From 1910 on rapid strldes were made in chemotherepy; bub,
until 1935, practically all of the succesgful chemicoal sub-
stances in use were remedles for troplcal digseases caused by
protozoa. It was not until 1935, with the use of sulfanil-
amide, that the flrst of & series of substances wos uaed
vnlch was effective against bacteria - the bactoria whilch
"glve rise to the commonest diseages. The synthesls of quil-~
nine 1tself, for years a stumbling bLlock to organic chenilsts,
wag accomplished by Woodward and loering in 1945.1

Chemists have for a very long time tried to ind some
definite relationship between chemical constitution and
physlological actlivity so that they might use this knowledge
in the preparation of new conpounds thob might have some
value as thorapeutic agents. In 1868 Crum Brown and

1. Voodward and Dooring, J. Am. Chem. Soc., 67, 860 (1945).



jav}

Frasor2 ghowed that by a slight and constant chemlcal
change, bvertiary bases oif widely differing physiological
actlvities could be converted to quateranary bases of almost
unilfori activity. This fact led people to believe that a
chenmotherapeutic millermium wos ot hand, and that by skill-
ful prediction, the properties of a new therapeutic sub-
stance could be ascertained from an inspection of 1its
chemlcal formmula. Thirty years after ( in 1901 ) Sir I'. .
IIopk;'Lms:5 commented thus:

Strilking enough hasg been the increase in the
number of importent drups since the researches ro-
Terred to were carried out, and it cannot be denled
that the search {or these drugs has been greatly
aided by the knowledge of the kind just discussed;
but it 1s a matter for disappointment and perhaps
for surprise thal we should, today, after thirty
years, be able to point to very few general relations
bearing the stamp of such definiteness and simpli-
clty as are found in the casgse brousht to light by
Crum Brown and Iraser; and even now the resulis
obtained by these investigators may be quoted as the
most satisfactory instance to hand of obvlious rela-
tlon between chiemical constitution and physiologlcal
action.

Aftcer over one~third of a century these remarks still re-

main true, but neverthelecss the search :oes on.

Rl >

With the outbreak of VWorld War II there came an in-
creased nced of and a new lmpetus for the preparation of

rhoarmaceuticals of all types, particularly tlhwse which

2. (a) Crum Drown and Fraser, Trans. Roy. Soc. Id., 25,
707 (1868); (b) Crum Brown and I'raser, Proc. ROY.
Soc. Ed., 6, 560 (1869).

3. Quoted in May and Dyson, "The Chémistry of’ Synthetic
Drugs", Longmans, Green and Co., London, (1939), p. 4.




micht be effective against malaria. The fight agalinst
nelaria has been succegsful to a large mcasure and this
dread dlsessc seems destined to be chocked due to the
development of drugs such as atebrin, plasmoquin and
paludrine and to the control of mosanitoes by better

sanitotion and new insectlcldes.

™. 1s Investigation describes the preparatlion of quino-
line and w»yridine sulfldes whilen night posscess some physio-
logleal zetivity containing, in general, an alkylamino
grouping. The approsch followed wag the introductisn ol
alkyloninosullfur side chains into (a) molecular structurecs
Inown to confer chemotherapeutic activity and into (b)
molecular structures of the same types, bubt wnlch werc not
Iinown to possess any physiological actlvity. A group of
miscellaneous compounds was also preparced, sach containing
sulfur and each based on some ceompound which has proved of
some therapeubic value.

The preparation of compounds of these types seems of
interest for several reasons: (1) the development of
posslble physlologically active compounds; (2) the de-
velopuent of intermedlates or even final products that may

prove to have sone clinical or synthetic usefulness, and



(3) the purely theoretical interest that lies in the de-

velopment of anything new.



II. HISTORICAL

A. Mercaptans

General

The most obvious annroach in the synthesis of mer-
captens is the substitution of an inorganic radical already
present in an organic molecuvle by an ~-SH group from an in-
organic source, such as hydrogen sulfide, a sulfide or a
bydrosulfide. The simnlest example of this type of synthesis
As the formation of ethyl mercantan from ethyl iodide and
aqueous hydrogen sulfide.4 Thlis rezction takes place in an
acld solution and 1s accelerated by the presence of precipi-
tated sul fldes or other absorbing agente. A very interest-
ing example of the formatlion of a mercaptan from hydrogen
sulfide is that of SlC13SB which can be prenared by the re-
action of hydrogen sulfide on silicon tetraohloride.5

Reactlons with hydrosulfldes have been carried out on

many types of halogenated comnounds even to the extent of

4. Brown and Snyder, J. Am. Chem. Soc., 48, 1926 (1926).
5. Friedel and Landenburg, Ann., 145, 179 (1868).



6
determining the orientation of the entering -SH groups.

The hydrosulfide solution may be nrepared by saturating
alcoholice alkalil or simnly melted alkall wilth bhydrogen sul -
fide. In most ceses potassiun or sodlum sulfide is used.
Other alkylating agents behave in o gimilar manner; sodium
ethyl sulfate was the alkylating agent used in the first
mereavban synthesis.7

One further extenslon of this method of nrevaring mer-
cantans ig that of renlacing an —NH2 groun by an -SH groun
by diazotizing and treating with an alcoholic sulfide or
hydrosulfide to liberate nitrogen. Better ylelds are ob-
tained if the diazotlzed compound is first treated with a
xanthate or a thiosulfate and then hydrolyzed.®

Mercantans may be prenared by the addition of hydrogen
sulfides to olefins, the addition taking place only at high

pressures and temperatures. These reactions have been

6. (a) Rierzek, Bull. soc. chim., é%/_g;, 1299 (1927);
(b) Albrecht, Ann., 161, 129 (1872); (c) Zencke, ibid.,
400, 8 (1914); T4d) Beilstein and Kurbatow, ibid., 197,
6 (1879); (e) Salzens, ibild., 139, 254 (1668); (£)
Saizens, ibid., 144, 148 (1867); (g) Fasbender, Ber.,
20, 460 (1I887); Th) Bennett and Whincop, J. Chem. Soc.,
119, 422 (1921); (1) Vorlander and Mittag, Ber., 48,
3450 (1912); ()) Carius, Ann., 124, 260 (1862); (k)
Cahours and Hoffmann, 1bid., 103, 292 (1857); (1) Meyer,
Ber., 19, 3269 (1886); (m) Hagelberg, ibld., 23, 1083
11820)7 (n) Fore and Bost, J. Am. Chem. Soe., 59, 2557
(1937): (o) Ellis and Reid, ibid., 54, 1686 (1972);: (n)
Hofmann and Cahours, J. Chem. Soc.,” 10, 320 (1858).

7. (a) Selse, Ann., 11, 1 (1834); (b) Liebig, 1ibid., 11,
14 (1834).

8. (a) "authner; Rer., 39, 1347 (1906); (b) Zencke and
Dahm, ibid., 45, 2457 (1912); (o) Klason, 1ibid., =20,
?,384 g'l‘m ); Td) Zencke and Jore, ibid., 42, 3762

1.909) . , -



9 10 11
catalyzed by clay, metallle sulfides and sul fur.

There are a great many cases in which mercaptans are
obtained by the hydrolysis of S8-alkyl ethy)] xanthates which
are formed when reactive halogen comnounds are treated with

Q
vostassium ethyl xanthate,*2r 0,4

Although the salt of any
thioacid might be used in these reactions, the xanthates

are the most readily avallable comnounds of this tyve and
are almost always emnloyed in the laboratory. Sodium thio-
sulfate has been used but this compound reacts more slowly

and requires care to avold the formation of dlsulfides,

An important method for the vprevaration of mercantans
1s that of reducing various compounds. Disulfldes, if
avallable, are perhans the most convenient comnpounds to re-

duce. The most commonly used reducing sgents are zinc and

acetlc acld,13 notasslum sulf‘ldel4 and metalllce sodium.l5

This latter ament 1s useful in the cleavage of dlsulfldes,

since in this method the sodium mercaptlde is formed direct-

1y without isolating the mercaptan. Other compounds that are
9., United States Patent, 2,101,096 /C. A., 32, 954 (1938)7/.

10. United States Patent, 2,052,268 /G. A., 20, 7122 (1926)7/.

11. Jones ond Reid, J. Am. Chem. Soec., 60, 2452 (1938).
12. (a) Debus, Ann., 72, (1849); 1ibid., 75, 121 (1850); (b)

Salomon, J. prakt Chem., /2/ &, 423 (1873); (e¢) Leuckart,

1bid. [%7 41, 179 (1890); (4) Billman, Ann., 339, 351
T1905) ; (e) Wauthner, Ber., 39, 1347 (1908); (T)
Techugaeff and Gasteff, ibid., 42, 4631 (1909).

13. Noller and Gordon, J. Am. Chem. Soc., 55, 1090 (1923).
14. Otto and Rosseing, Ber., 19, 3129 (1886).

15.. Stutz and Shriner, J. Am. Chem. Soc., 55, 1242 (1933).



: 16
reducible to mercantans are sulfonlc acids, thiosul fonic
6 1 18
aclds and their esters,l sulfonamides, sul fides,
19 20 21
sulfinic acids, sulfenic acids, alkyl hypnosulfites

and thiocyanates,®2 23 24

sulfoxylates and sulfanilides.
It 1s nossible to form mercantans by reaction with

sulfur, Among some of the most common examnles of thils

tyne of syntﬁesis are the reaction of benzene and sul fur

(2]
In the presence of aluminum chloride to form benzenethiol,”5

‘ 28
the reaction of sulfur with phenylhydrazine, the reaction
27
of sulfur with dinhenylamine and the reaction of sulfur
with aminodinhenylamine.28 This latter reaction gives

sulfides and nolysulfides as well as mercantans.
T6. Gutmann, Ber., 47, 635 (1914).

17. Fischer, E., ibid., 48, 92 (1918).
18, Hildlteh, ibid., 44, 3663 (1911).
19. Ofto and Rossing, ibid., 19, 1224 (1886).

20, Fries, 1ibid., 45, 2965 (1912).
21. Price and Twiss, J. Chem. Soc., 95, 1725 (1909).
22. Hoffman and Reid, J. Am. Chem. Sog., 45, 1931 (1923).

23. Uing, Roth and Walter, Ber., 57, 1398 (1924).

24, Fichter and Tamm, ibid., 43, 3032 (1910).

25. Glass and Reid, J. Am. Chem. Soc., 51, 3428 (1929).
26, Mischer, Ber., 10, 1334 (1877).

27. Rernthsen, Ann., 230, 73 (1885).

28. Gilman, "Organic Chemistry", John Wiley and Sons, Inc.,
New York, N. Y., (1944), Vol. I, p. 507.



ﬂwHydroxymercaptanszg may be nrepared by the action of
hydrogen sulflde on cyeclie oxides; ﬂ-aminomercantanszo by
the actlon of hydrogen sulfide on cyeclic amines; of-~minomer-
cantan531 by the action of hydrogen sulfide on of~-amino-
alcohols; and F—ketomercantanszz by the sction of hydrogen
svlfide on }-keto unsaturated compounds.

A Tew cases are avallable in which thermal or similar
decomposltion by scission serves a8 a source of mercantons.
Mercaptides, sulfides, and disulfides are definite sources
of mer‘csuﬂ:ans.?’3

A method of oreparing mercapbtans from alcohols has
recently been described in the literature.34 This method
involves the formation of an isothiouronium salt by treat-
ing the alcohol with thiourea and a halogen acid and sub-
sgquently decomposing this salt with sodlum hydroxide. A
more detailed discussion of this method 18 gilven in the
next section of this paner.

28, HNenitzescu and Searlatescu, Ber., 68, 587 (1935).
30. ¥1lls and Bogert, J. Am. Chem. Soc., 62, 1073 (1940).
%l. Bilnz and Pence, 1bid., 61, 3134 (1939).

32. (sa) Fromm, Haas and Hubert, Ann., 394, 290 (191%2).
(v) Nicolet, J. Am. Chem. Soc., 57, 1098 (1935).

33. (a) Lecher, Ber., 58, 417 (1925); (b) Faragher,
Marrell and Comay, Ind. Eng. Chem., 20, 527 (1928).

34. Frank and Smith, J. Am. Chem. Soc., 68, 2103 (1946).
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Tertisry slkylaminoalkyl mercantaons

The methods for nrevaring tertisry alkylaminoalkyl
mercantens which have been re-orted in the llterature cor-
resmond to those general methode for the vrenaration of
mercaptans which have been given in the discussion above.
The two tertlary salkylaminoalkyl mercantans which were used
narticularly in these investipgations are ﬂ-diethylaminoethyl
mercantan and Y;diethylaminopronyl mercaptan and, since the
methods for thelr nrenarstion are generally anplicable, this
section will be limited to 2 dlscussion of thelr vrevaration.

ﬂ—Diethylaminoethyl mercevtan has been nrenared in 447
yield from 1ithium diethylamine and ethylene sulflfie.35
Tiile metbod 1s long and involves the nrevaration of the
organolithium compound from methyllithlum and dlethylamine.
Gilman and co-workersze renort the prenaration of this
mercantan from ﬂ-dlethylaminoethyl chloride and sodium
hydrosulfide in ylelds verying from 295-57%. Albertson and
Clintonz7 prepared the mercapisn in a 77.5% yileld by the

leothiovronium sslt synthesls according to the following

reactions:

35. Gilmsn and Woods, 1ibid., 67, 184% (1945).

36. Gilman, Plunkett, Tolman, Fullhart and Broadbent,
1bid., 67, 1845 (1945).

7. Albertson and Clinton, ibid., 87, 1222 (1945).
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(CpHy) gNCHCHACL & HoNCSNHy— (CoHg) PNCHp HaSCNHg

) HHoCG1
V
§~
( C?,HS) ‘BNCH?,CHZSH

ﬁ-Diethylamlnoethyl mercantan has also been vrenared by
the reactlon between dlethylamine and ethylene sulfide in
35

nhenol.”” " No'yield was renorted on the nreparation since

the nercantan +as isolated ss the bis-(ﬁ-diethylaminoethyl)
disulfide.

Y-Diethylaminopronyl mercsnton has been vrevared in
6045 yield from Y-dlethylaminoprooyl chlor1d336 and sodium
hydrosulfide. Recently thls mercapntan was prepared by the

isothiocuronium salt synthesis.38

One further method of vreparing amino mercantans should
"be mentioned. It is possible by means of a Gabriel reactionzg
to convert one mercantan to another. Thie 1 illustrated by
the case of the reaction of N-(Y-mercaptopropyl)-phthalinide

+ith fuming hydrogen chloride in a bomb tube:

CON :
/ HC1
aﬁm}\m/w(cng) zSH ———> CgH,(C00H) o + HB(CHp) oNHy

38. Fullbhart, L., Doctoral Dissertabtion, Iowa State
Collepe, (1946).

%9. Gabriel, Ber., 22, 1110 (1891).



Quinoline mercaptans

The most usual method for the prenaration of quinolyl
mercentans is the reactlon of the chloroaquinoline with a
solution of votassium or sodium hydrosulfide. John and
Andraschkoéo nrepared 6-methoxy-4-mercantoquinoline by re-
acting 6-methoxy-4-chloroquinoline with an absolute ethanolic
solution of notassium hydrosulfide in a sealed tube at 100°
for fifteen hours. 2-Phenyl-4-mercaptoguinoline has been
prepared41 by the reaction between 2-nhenyl-4-~chloroaguinoline
and notassium hydrosulfide in absolute ethanol at 150-160°
for eight hours.

Rosenhauer and co-workers%2 have prenared 2-mercapto-
quinoline by means of the isothiouronium salt synthesis with
subsequent decomnosition of the comnlex with sodlum carbonate.
Tris preparation was carried out in ylelds of 90%. These
workers nrenared 2-mercanto-4-methylcquinoline in thls same
manner. 2-Mercavto-4-methylquinoline is also revorted by
Roos43 who prenared thls comround by treating 2-hydroxy-4-
methylquinoline with nhosvlhorus nentasul fide. Roos43 also

prepared P-mercantoquinoline and 2-methyl-4-mercantoquinoline
40, Jobn and Andraschko, J. prakt. Chem., /27 128, 218 (1920).

41. John and ¥Wlnsche, 1bid., 119, 43 (1928).

42, Rosenhauer, Ber., 62, 2733 (1929).
43. Roos, ibld., 21, 619 (1888).
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by treating the corresvonding hydroxy commoundsg with mhosrhorus
nentasul fide. He rerorts no ylelds for these orenarations.
B8-Mercentoquinoline has heen renorted by Edinger44 who
obtained 1% by hydrolyzing 8-benzoylmercantoguinoline with
hydrochloric acld. John and w&nsche4l rerort 2-phenyl-4-

mercantoquinoline from 2-rhenyl-4-chloroquinoline and

notassium hydrosul fide.

“yridine mercantans

The only simple mercaptonyridine which is renorted in
the literature is 2-mercantonyridine. Phillins and Shaniro45
ohtained this compound in 47% yleld by treating 2-bromonyridine
with thlourea and subseauently decomposing the isothlouronium
comolex with dilute alkali. Markwalk and co-workers46 pre-
vared this same compound from 2-chloronyridine and ethanolle
notassium hydroxide and Gartel and‘W1baut47 prepared it from
2-1odonyridine and sodium bhydrosul flde. 2-=-Mercaptonyridine
was recently nrepared by Thlrt1e48 in 83% yield from potassium
hydrosulfide and Z2-bromopyridine.

Several substituted pyridine mercantane have been vpre-

9
pared. R'e‘lth4 obtained Z2-mercapto-5-nitropyridine from
44, Tdinger, A., ibid., 41, 937 (1908).

45. Phillips and Shapiro, J. Chem. Soc., 584 (1942).
46. Markwalk, Klemm and Trabert, Ber., 93, 1556 (1200).
47, Gastel and Wibaut, Rec. trav. chim., 53, 103 (1934),

48. Thirtle, J. Am. Chem. Soc., 68, 342 (1946).
49. Rath, C., Ann., 487, 105 (1931).
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2-chloro-5-nitronyridine and methanolic notassium hydro-
sulfide; 2-mercanto-5-chloropyridine from 2,5-dichloro-
pyridine and methanolic notassium hydrosulfide; Z-mercapto-
S5-bromonyridine from 2-chloro-S5-bromopyridine and methanolic
notassium hydrosulfide; 2-mercapto-5-iodopyridine from 2-
chloro-5-iodonyridine and methanolic votassium hydrosul fide;
2-mercanto~-5~-1lodonyridine from B—hydroxyfs—iodopyridine and
vhosphorus pentasulfide; 2-mercapto-3-chloro-5-nitronyridine
from 2,3-dichloro-5-nitronyridine and methanolic notassium
hydrosulfide and in a similar manner 2-mercapto-3-bromo-5-
nlitronyridine and 2-mercanpto-3-1iodo-5-nitropyridine. Re-
duction of 2-mercanto-5-nitropyridine gave 2-mercanto-5-
aminopyridine. Rgth4g also rernorts Z2-mercantonyridline-5-~
carboxylic acld from 2-chloronyridine-5-carboxylic acld

and methanolic votassium hydrosulfide; 2-mercapntovyridine-
5-thiocarboxamide from 2-chloro-5-cyanopyridine and methanglic
potaselum hydrosulfide; 2-mercanto-3-chloro-b-cyanopyridine
from 2, 3-dlchloro-5-cyanonyridine and notassium hydrosulfide
and in a simllar manner 2-mercapto-3-bromo-S5-cyanonyridine
and 2-mercavto~-3-1i0do-5-cyanopyridine. Bydrolysis of 2-
mercanto-3~chloro-5~cyanonyridine gave 2-mercapto~-3~chloro-
pyridine~5-carboxylic acid.

50
Sucharda and Troszkiewicz renort the vrenaration of

50. Sucharda and Troszklewicz, Rocznikl chem., 12, 493
(1932) /C. A. 27, 5076 (1933)/.
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gseveral mercantoryridyl carboxylic acids fron the chloro-
compound and notassium hydrosulfide; 2-mercaptovyridine-2-
carboxylic scid; 3-mercaptopyridine-2-carboxylic acid and

J-mercaptopyridine-4-~carboxylic acid.

B. Sulfides

General

Broadbent5l hag reviewed the general methods of pre-
paring dialkyl sulfides. The principal methods involve the
reaction of mercaptides with alkylating sgents such as alkyl
halides, alkylsul fates, sodium alkyl sulfates or alkyl
sul fonates, Symmetrical sulfides may he readily nrepared
by the actlon of alkylating agents on sodium or potassium
sulfide. Thiophenols may be'converted to sulfides in the
presence of sulfuric acid, using tertiary alcohols or olefins
as alkylating agents.52 S8ul fides may also be prevared from
olefins by the addition of hydrogen sulfide, mercaptsns and
thiophenols;53 from dilazonium salts with sodium thlosulfate
or sodium sulfide; by thermal decomposition of lead mer-

captides;54 by revlacement of the -50,Na group in some

51. Broadbent, 8., Doctoral Dissertation, Iowa State
College, (1946).

62. Ipatieff, Pinee and Friedman, J. Am. Chem. Soc., 60,
2731 (1938).

53. Mayo and Walling, Chem. Rev., 27, 351 (1940).
54. Otto, Ber., 13, 1289 (1880).
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aromatic sulfonates;55 by introducing the RS- group into
active methylene comnounds hy the use of thiolsulfonic es-
ter556 or sulfenyl chlorldes;57 catalytically from mercantans
in the nresence of a metallic sulfide catalyst at high
temneratures;58 from aromatic hydrocarbong and chlorldes of
sulfur;59 and from the reaction of ethylene oxide with

hydrogen sulfide, mercantansao or thioohenols.

Alkyvl aminoalkvl sulfides

The litersture records the nrenaration of only a few
amines contalning alkyl groups interrupted by sulfur. Gabriel
anGAColman61 prevared 2-(2-sminoethylthio)-ethanol from
Z2-chloroethanol gnd 2-aminoethsnethiol. Brighton and Re1d62
have prenared a number of 2-alkyl thioethylamines from
sodium mercsantides and 2-bromoethylamine. Thelr comnounds
corrgsbond to the formula RSCH,CHoNH, when R is n-butyl,

63
n-amyl, 1so~-amyl, n-~hexyl and n-hentyl. A British patent

58, ?eld,)Mackall and Metter, J. Am. Chem. Soc., 43, 2104
1921).

56. (a) Brooker and Smiles, J. Chem. Soc., 1723 (1926);
(b) Gibson, ibid., 983 (1928y. —

57. (a) Zincke and Eismayer, Ber., 51, 751 (1918); (D)
Zincke snd Bameumer, Ann., 416, 86 (1918).

58. Sebatier and Mailhe, Comnt. rend., 150, 1569 (1910).
9. Wood and Fieser, J. Am. Chem. Soc., 62, 2674 (1940).
60. Fromm and Jorg, Ber., 58, 204 (1925).

61. Gabriel and Colman, ibid., 45, 1645 (1912).

62. Brighton and Reid, J. Am. Chem. Soc., 65, 458 (1943).
63. British patent, 286,087 /G. A., 23, 241 (1929)/.
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describes 2-(2-chloroethylthio)-triethylamine hydrochloride.
United States patents lilat, but do not characterize 2-(2-
dlethylaminoethylthio)-eth.yla.m.tne64 and 3-(2-diethylamino-
ethylthlo)-nronylamine.65 Several other alkylamino-
alkanethiols are mentioned in the natent 11teratures6 but
in general details of syntheses of these tymes are lacking.
Among the most recent work along these lines 1s that
of Clinton and oo—workerse7 who prenared some dlethylamino-
ethylthloalkyl amines and their corresmonding sulfones. They
prepared 2-(2-diethylaminoethylthio)-ethylamine and 3-(2-
diethylaminoethylthio)-l-nrornylamine in several different
ways. The action of ammonia or of hexamethylenetetramine on
the corresnonding alkyl halide was not satisfactory. The
reaction bhetween Ww-thiolalkylohthalimide and 2-chloro-
trliethylamine or between 2-diethylaminoethanethlol and an
w-bromoalkyl nhthalimide gave low ylelds. However, an exten-

68

g8lon of the method of Snyder and Cannon 11lustrated in

the following equations gave from 84-91% yields:

64. United States Patent, 2,082,171 /C. A., 31, 5112
(1937)7.

65. (a) United States Patent, 2,077,249 /C. A., Z1, 4060
(19237)7. (b) United States Patent, 2,121,207’7:3:. A., 32,
6262 (1938)7.

66. United States Patent, 2,401,234 /C.A., 40, 5075 (1946)7.

67. Clinton, Suter, Laskowskl, Jackman and Huber, J. Am.
Chem. Soc., 67, 594 (1945).

68, Snyder and Cannon, ibid., 66, 511 (1944).
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(CpoHg) oNCHoCHoCL + HoNCSNHy —) (Colig) gcngcnzs//cwz

NH-C1
o Lo
[ |
. b
NH,C1 o

°
[:I;>N(CHQ)nSCHQCHzn(Czﬂs)2-

The amines'werefnrepared from the bhthallmido comvounde by
a modification of the nrocedure of Ing and Manske.6

Gilman and.WoodsSE prenared a serles of slkylamino
alkylehloro sulfides by the actlon of thionyl chloride nn
the corresnonding hydroxy comvound. The hydroxy commounds
were nrepared in most cases from the sodium mercantide

and the alkyl chloride.

Quinoline sulfides

Relatively few qulnoline compounds containing sulfur
have been made and most of these were nrenared during the
last decade. Morton and Stubbs7o renort the preparation of
a simple quinoline sulfide, 2-1sopropylthio-4-methylquinoline,

from 2-thinl-4-methylquinoline and isopropyl bromide.
69. Ing end Manske, J. Chem. Soc., 2348 (1926).

70. Morton and Stubbs, ibid., 1321 (1939).
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Several bisqulnoline sul.fides hsve been renorted. Rosen-
hauer42 prenared bis-(2-methyl-4-quinolyl)sulfide; Roos43
prenared bis-(2-guinolyl) sulfide; Surrey and Llndwall71
rerort the prenmaration of bis-(8-nitro-5-quinolyl) sulfide,
bis-(5-quinolyl) sulfide and bis-(5-nitro~-8-quinolyl) sul-
fide. Winter and Reinhart72 have nrevared a serios of
quinolyl rhenyl sul fides by condensing 5-nitro-8-chloro-
aulnoline with thiophenol or 1ts E-nitro derivative; thesé
reactions were carried out in an alkaline medium. Comnounds
listed in this series sre 5-nitro-8~gquinolyl nhenyvl sul fide
and.s-nitro—a—quinolyl p-nitrophenyl sulflde. In this same
naner Winter and Relnhart72 rerort the nrenaration of 5-
amino-2-nyridyl 2-aquinolyl sulfide and 5-dlethylaminoethylamino-
2-nyridyvl “~-quinolyl sulfide.

No alkylaminoalkyl quinoline sul fides in whrich the sulfur
atom is next to the quinoline nucleus have been described in
the literature and there 1s little reference to any quinoline
comnounds containing an amino slde chain interrunted by a
sulfur atom. The natent literature describes 8-(2-diethyl-
am'lnoethylmercantoethylam1.no)—'7—ceh10r0quinoli_ne.74 This
latter commound 1s also listed in a German patent,75 No
71. Surrey and Lindwall, J. Am. Chem. Soc., 62, 173 (1940).
72. Winter snd Reinhart, 1bid., 62, 3508 (1940).

73. United States Patent, 1,978,047.

74. United States Patent, 2,237,970 /C.A., 35, 3771 (1941)7.

75, I. . Parbenindustrie, CGerman Patent, 683,692 (1939).
/C. A., 36, 4973 (1942)7.
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very ¢rest detalls of thaﬁﬁthod of synthesis or of the
vhysical properties of these comnounds are given.

Gllman and Woods35 prenared a2 serles of quinoline com-
nounds having a basic g8ide chaln contalning sulfur. These
compounds were G-methoxy-8-quinolylamino derivatives and
were nrenared from 6-methoxy-8-aminoquinoline and a chloro-
compound cnntaining sulfur. A tynical preparation of this
tyne 1s that of Y-(6-methoxy-8-quinolylamine)-vnronyl
P-diethylaminoethyl sul fide from 6-methoxy-8-aminoquinpoline
and }—chloronronyl ﬂ;diethylaminoethyl sulfide hydrochlorlde.
Gilman and 'I'olmzmr"'6 prensred 2 similar series of G-methoxy-
8-quinolyamino compounds, a tynlcal one of which is Y-(6-
methoxy-8-quinolylamino)-nronyl Y-diethylaminonropyl sulfide
made from Y-dlethylaminopronyl Y-chlorovnronyl sulfide and
6-methoxy-8-aminoquinoline.

Huber and co-workere77 nrenared a serlee of S-methoxy-
8-quinolylamino commounds eonteining sulfur side chains,
These compounds were nrevared by condensation of an excess
of 6-methoxy—8-am1n0qu1nol1ne with a dlethylaminoethyl-~
thloalkyl chnloride in the nresence of water, Typilcal among

the comnounds wirich these workers nrevared is 8-(2-(2-di-

76. Gilmen and Tolman, J. Am. Chem. Soc., 67, 1847 (1945).

77. Huber, Blalr, Boehme, Laskowski, Jackman and Clinton,
ibid., 67, 1849 (1945).



ethylaminoetlylthlio)=-ethylanino)-6-methoxyquineline.

A series of dlethylamlnoethylthloslkyl derivatives of
substituted 4-aminoquinolines was nrenared by Hubher and co-
wor-lcers,?8 along with a few corresronding sulfinyl and
sulfonyl anslogs. The comvounds in this serlies were all
7-chloro-4-quinolyl derivatives.

A serles of qulnoline sulfides containing long-
clkained alinhatic grouns has 5een nprevared and discussed

by Massle.7g

Pyridine sulfides

All of the vyridine sulfides which have been described
in the literature are simvle bis-pyridyl sulfildes or nyridyl
comoounds containing simrle side chains. There are no
aminopyridyl sulfides renorted.

Surrey and Lindwall 71,80

rerort the n»nrevaration of
bis-(5-nitro-2-pyridyl) sulfide, from 2-chloro-S5-nitro-
nyridine and sodium sulfide and later from 2-chloro-5-
nitronyridine snd thiouresa. Using both of these methods
these workere nrepared some 2-nvridyl phenyl sulfides by

condensing 2-chloro~5-nitronyridine with thionhenol or its

78. Huber, Blalr, Laskowski, Jackman and Clintcn, ibid.,
68, 222 (1946).

79. Maesie, S. P., Doctoral Dissertation, Iora State
College, (1946).

80. Surrey and Lindwall, J. Am. Chem. Soc., 62, 1697 (1940).



n-nitro derivative. In the cnee of the 2-chloro comnounds
and thionhenol no sclvent or alkeline agent wag regulred
for recchion to take rlace st 175-150°. "inter and Rein-
hart?E prenared S-smino-2-prridyl S-cuinolyl sulfide, 5-
dlethylaminoethylemino~-2-nyridyl 2—0u1noly1 sulfide and a
bils comnound, 5-/bie=-(d)ethylaminoethyl)-sming/-2-nyridyl
phenyl sul Pide. Big-(2-nyridyl) sulfide i& rerorted by
Kolmer, Brovm snd Hauziss.81

Colonnaez prenared a groun of very interesting sulfur
derivatives of »nyridine. He reacted 2-mercanto-5-nitro-
wyridine with cbioroacetic scld and aaqueous notassium
hydroxide to obtain S-nitronyridine-2-thiolglvenlic acid.
Th*s commound was obisined in better yleld by rescting 2-
chloro~-5-nitronyridine »1th thioglycolic acid and sodium
bilcarbonate. 5-Nitropyridine~2-thionronionic acid was
also nrenared by these same methods. Colonne treasted his
nroducts with dehydrating agents in order to finslly ob-
tain comnounde in whieh the nyridine ring was condensed
=ith rines eontaining sul fur.

A serdes of a2lkylnyridine sulfides along with the
corresnonding sulfoxides and sulfones is described by

Courtot and Zwllling.83

8l. Kolmer, Rrown and Reuziss, J. Pharmacol., 81, 253 (1937).

82. Colonna, M., Gazz. chim. itel., 70, 154 (1940) /G. A.
24, 4727 (1940)/.

83. Courtot and 7Zwilling, Congr. chim. ind., Comnt. rend.
18 me Congr., /C. A., &, 631Z (1939)/.
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Iydroxy aul "ides

o-Bromoketones react with mercantans t» form keto
sulfides whieh unon reduction yleld secondary hydroxy sul-
fides.84 The reaction of mercantans with ethylene oxide
18 a well known one.29 With excess ethylene oxide mercantans
vield alcohole of the tyne R'-S-CHQCHQ-(OCHQGHQ)n-OCHBGHZOH
when n - 1 equals the number of excess moleg of ethylene

85

oxlde. he reaction of enichlorohydrin with mercantans

ives comnounds of the tyne R—S-CHBCHOHCHpCI wvhich are
useful in various condensations. It hess been found, how-
ever, that alksll mercarntides and enichlorohydrin at low

tenmeratures glve the mercanto oxide.zg’86 '

C. Chemotherapeutic Substances Used As
a Basis for These Investigations

8ince vary few referecnces are made in the litersture to
guinoline and nyridine sulfides, there 1s likevrlse 1little
reference as to any nhysiological action which any such
commounds might have. Most »nf the comnounds in this thesis
contain bhoth nitrogen and sul fur and certain compounds con-

84. Tralog, Hahn, Brauchli and Beyerman, Helv. chim. acta.,
27, 1209 (1944) /C. A., 40, 848 (1946)/.

85. FEnglish Patent, 437,590 (19%4) /Chem. Zentr., I, 3019,
(1936)7.

86, Gilmsn and "oods, J. Am. Chem. Soc., 67, 1864 (1945).



taining one or both o these elements which are active as
therapeutic agents were used as a bhasls for the nrevara-
tions.,

Most of the alkalolds, knowm for many years to »roduce
very marked and definite nhysiologlical effects, are deriva-
tives elther of aulnoline or vyridine. The most outstand-
ing quinoline derivative, as far as theraneutics 1s con-

cerned, 18 quinine (I).

CHé———;H :HCH=CH2

H
I-ig
L} AOE—i—R,
oo
N

(1)

The theransutic value of oculnine arises chiefly from the
fact that it hee a speoclfic actlion in malaria, anparently
belng far more noisonous to the nrotozoal parasites than fo
the cells of the host. The multiple action of quinine as
a drug may be summarized as follows:

1. It 1s‘oanable of slowing down the whole of the
metabolic vrocesses, lncluding those of the intracellular

enzymes. It is a strong antipyretioc.
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2. It shows a marked bactericidal asction in addition
to its action on the paragites of malaria.

3. It has a narcotic action exercised principally
through the medullary centers.

4, It shows a local anaesgthetic action.

Quinine has several disadvantages as a drug. Poison-
ing by quinine. may occur due to overdosage or to idio=~
syncrasy. When quinine is repeatedly administered in full
doses cinchonism may result. This condition is character-
ized by impaired hearing and vision, nausea, headache, and
gastro-intestinal and nervous disorders.

The total synthesis of quinine was not realized until
1945 and the synthesis is at the present time of 1ittle
value from a commercial point of view since it involves
many steps to produce only a small yield of material.

The difflculties in the syntheslis of quinine which
for a long time was the most important substance used in
the treatment of malaria led to the study of other com-
pounds which might be used as antimalarials. Plasmochin
was synthesized by Schuleman, Schonhofer and Winglerav
oh the basis of the fact that methylene blue showed plas-
modicidal properties. Plasmoquin (II) is a quinoline de-

rivative and has a tertiary amino gide chain.k

87. German Patent, 486,079, (1924) /C. A., 24, 1937 (1930)7.



CHsO

H

I
HN—C—(CH) -—N(0 1),

”H3
(1)
Plasmochin is annroximately elxty times as ef’ective
In avian malaria as aquinine, 1t%s action heing gameto-
01631.88 The use of nlasmochin in humens ig limited due
to the fact thet the theravcutlc doce often arnprosches the
toxic dose. The most nronouvnced toxic effects nroduced hy
nlasmochin are cyenosis and methemoglobin formation.
A tebrin (ITII) »ns introduced into maleriatherapy
by Schulemann (1970). It was eynthesized by Yaunn and
Mietzchgg,on the basie of the celinlcel resil te obtalned
with vleemoquin,
CF

3
B N—gf(nnz)z N(GQH5)2

8!

(II1)

CHy0

88. ©Spatz, S5, M., Doctorsal Dlecsertation, Iora State College,
{1941) aiscusses penerslly the malarial cvele,

89. United States Patent, 2,077,249 /C. A., 31, 4080 (1937)7.
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Atebrin, lilke quinine, 1s schizontal in action while plas-
mosquin is gometocidal. This drug has nroved to he far
sunerior to quinine and during World War II hecame the most
Imrortant antimalarial. The toxiclty of atebrin 1s re-
latively low, large doses causing gastro-intestinal dis-
turbances, abdominal pains, headsches and anorexia.

Shortly after Pearl Harbor, when the United States was
faced wlth the necessity of fighting a maj)or war in some of
the world's worst malaria countries, about 90% of the
sources of the world supvly of quinine fell into the hands
of the Javanese. Thris condition made an intensive nrégram
for the development of alternate and imnroved antimalarials,
and at the same time new drugé for other uses, a vital
necessity. During the veriod of 1941-46 some 14,000
chemical commounds were screened for antimalarial activity
under the ausnlces of the Committee on Medical Research of
the office of Sclentific Research and Develovment. Many
of these compounds were tested for various other nhyslo-
loglcal properties. Among the 14,000 substances tested
~about 70 classes of organle comnounds showed some anti-
malarial activity. The field has now been narrowed to four
(rossibly five) chemical groune, certain members of which
anpear to embody substantisl improvements over exlsting
drugs. The four grouns are the 4-aminoquinolines, the 8-

aminoquinolines, the quinolyl-4- xX~nineridyl methanols and
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the quinolyl-4-dialkylamino methanols. Certain 1,4-
naphthoquinone derivatives should also be added to this
liet, although this groun has not heen as thoroughly
tested on human subjects as have the other four groups.
One of the most promising of the 4-aminoquinolines
is SN 761890 or 7-chloro-4-(4-diethylamino-l-methylbutyl-

amino)quinoline (1IV),
CHz
}

HN-C-H-(CHp) zN(CoH.) o

Cl- N
(IV)
SN 7618 was first synthesized by Anderson, Breitner and
Jung91 but its theraveutic rotentialitice were first realil zed

by Surrey and Hammer.g2 This drug 18 at least four times as
effective agalnst avian malaria os is atebrin and twlce as
effective against the common human malarlas. It 1ls capable,
moreover, of terminating a clinical attack of P. falcinarum
by oral administration while atebrin is usually given by

intramuscular injection for this nurpose. 8N 7618 is an

90. Tnls number refers to the survey number of the drugs
listed in the files of the Survey of Antimalarisl Drugs.
Activities of druge thus listed will be tabulated in a
forthecoming monogranh.

91, German Patent, 683,692 (1939) /€. A., 36, 4973 (1942)7.

92. Surrey and Hammer, J. Am. Chem. Soc., 68, 113 (1946).
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effective supnressive, 1s well tolerated and does not color
the skin.

During the nast few years a total of 248 derivatives
of 4-amlinoquinoline has been tested for antimalsrial scti-
vity and toxlcity. Of the drupgs tested 64 renresented
slde-chain variants of the 7-chloro-4-aminoguinoline nucleus,
63 renresented derivatives of 7-chloro-4-anilinoguinoline,
35 renregsented derivatives of 6-methoxy-4-aminoaquinoline
and 86 revresented nuclesr veriations of 4-(3-diethyl-
aminonronylamino)-7-chloroquinoline (SN 9584).90

0f the new B8-aminoquinoline derivatives three hold
definite nromise of heing sunerirr to plasmochin as curative
drugs. These are 6-methoxy-8-(5-1isonronylaminopentylamino)-
quinoline (8N 13,276),°C 6-methoxy-8-(4-1sonronylanino-1-
methylbutylamino)-auinoline (SN 13,274)90 and 4,6-dimethoxy-
8-(4-1sonronylamino-l-methylbutvlamino)-auinoline (SN
9972).90 Varlous other nuclear variants in the quinoline
nucleus have been studied. Derivatives of 6-methoxy-8-
aminolenidine have shown high activity against avian malaria
but no definite evaluation can be made since 11ttle elinical
testing of these comnounds has heen doﬁe.

In the fleld of quinoline carbinols a total of 204
4-quinoline methanols has been synthesized and in addition
32 quinoline methanols containing the slde-chain in nositions

other than the 4-vosition have been synthesized. The most
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active of these substances anvear to bhe 6,8-dichloro-2-
(p-chlorophenyl)-4-( -vpiveridyl)-carbinol drugs and
dialkylaminocarbinols derived from 7-chloro-8-methyl-
2-(p-chloronhenyl)-aquinoline.

Among the immortant drugs recently announced, meta-
c:hlor.’m.'lneg:5 or 2-(graminobenzenesulfonylamino)—S-chloro-

pyrimidine (V), is the first important antimularial which

containg sulfur.

NHzD——%— E\D —1

(V)

A full renort of the nhysiological nromertles of this
comnound has not yet been relessed but 1t is belleved to
be a superior sunpressive agent.

A new commound recently develoned by British worker894
and known as npaludrline, or N112~chloronheny1 N5~1sopropy1
biguanide (VI) is renorted to be remarkably active in

destroying malaria parasites and to be relatively non-toxle.

H H HH
( | [
ClL— — N~C~N-C- N—C‘CHs
B0
‘ NH NH CH3 ( ‘VI)

93. ©See, Volwller and MacCorquodale, Chem. Eng. News, 24,
346 (19486).

94. Curd and Rose, Chem. and Ind., 75 (1946).
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A conglderation of imnortant nhysiologlcslly active
commounds leads one to a dlscussion of the drugs wiich
have proved vromising in the trestment of tuberculosis. In
recent vears some of the most imnortant work in the field
of chemotheravy as anplied to tuberculosis has been directed
torard the mrenaration of drugs similar in chemlcal struc-
ture to the suhstances required by the bacteria for existence,
vet antagonistic in their nhysiological actﬁon.gf Accord-
ing to the theory of Woods, Fildes and McIlwaln,;G bacteria
tfy to substitute structurally similar sulfanilamide in

their metabolism for n-aminobenzoic acid, an essentlal

growth factor for many hacterla.

BN )S0oNH, H2N<:::j>COOH

Sulfanilamide E-Aminobenzoic Acld
Sulfanilamide end drugs of this tyne cause bacteriostasis
because they do not fulfill the requirements of the bacteria
for growth snd renroduction. Once ranid growth‘of bacteria
is stomnmed, the normal body mechanisms can comnlete the
taskk of coning with the infection.

§5. "oods and Fildes, Chemistry & Industry, 18, 133 (1940).

96. (a) Jenkins and Hartung, "The Chemistry of Organiec
Medicinal Products", John Wiley end Sons, Inc., New
York, N. Y. (1943), p. 431; (b) Wnrods, Brit. J.
Exntl. Path., 21, 74 (1940). -
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Many aminosubstituted aromatic sulfones which, accord-
ing to their structure, should be metabolite antagonists to
n-aminobenzoic acid have been prepared and tested for anti-
tuberculous activity. It has been in thile group, the parent
comnound of which 18 4,4'-diaminodinhenyl sulfone, that the
most nromising comnnunds have been found. 4,4'-Diaminodi-
phenyl sulfone (VII) has high antituberculous activity but

is too toxic and too insoluble to be useful.

1
0

(VIT)

Only three of the many comnounds classed as metabollte
sntagonists tested for antituberculous activity were ever
tested clinically: nromin,97 1ts bis(glucose sul fonate)
(vity), diasone,g8 its bis (N-methylene sodium sulfoxylate)
(IX) and promizole, 4-aminophenyl-2'-aminothlazolyl-5'-

89
sul fone (x).

0
T
HM@Mcmm)g?4m<c:>}€f<::>mmfmwmmm44m4m
S0,Na 0 50,Na

(VIIX)

9%7. Teldman, Hinshaw end Moses, Proc. Staff Meetinazs HMayo
Clinlo, 15, 695 (1940).

98. Ralziss, Seilence, 98, 350 (1943).
99. Bambas; J. Am. Chem. Soc., 67, 671 (1945),
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NaO?SHECN ——l~ CH?SO?N3.4HQO
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(IX)
N
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ot (O, Lo,
(X)

Preliminary clinical tests were vromising but they did not
fulfill early howes. Promin and diasone haeve recently found
another use. Definlte imnrovement in the clinlcal con-
dition of & considerable serles of cases of leprosy has
been renorted after treatment with nromin. The drug acts
slowly, however, and prolonged treatment 1s necessary for
favorable results. Dlasone offers two advantages over
nromin in that 1t can be given oreally and unfavorable re-
actions are less frequent. Further clinlesl evaluation is
necessary hefore these drugs may be regarded as lenrostatilc
agents.

Pyridine 1tself, is found very widely distributed in
nature and among these comnounds are some of the nost use-
ful and imvortant medicines and drugs. The nhyslological
effects of pyridine comnounds such as nicotinic acid,
nicotinamide, cozymase snd pyridlne-p—carboxylic aold di-
ethylamide are well known and need not be nolnted out here

further than to say thet they do indlcate that the pyridine



nucleus might have definite value as a bhasls for nhysiologi-
oally asctive comnounds.

The drugs which have bheen mentioned in thie gection
repregent only a very minute vortion of the field of chemo-
therevy. They do, ho-ever, serve to illustrate the several
facts used as a hasleg for thile research.

A1l of the commounds mentioned contsin nitrogen, =nd
most of them nre bheterocvelic in nature. In =2ddftton many
sre sulfur commounds. It secems, therefore, thet the stvdy
of nitrogen and gsul fur containing orgenic commounds 1is

gignificant.

D. Organosilicon Coupounds

llomenclature

For the convenlence of the reader a list of sonec of the
moro comion rules cf nomencleture for organosilicon coupounds
follows. These rules are in accordance with th:ose proposed
by the Cormittee on Nomenclature, Spelling and Pronunciation
of the American {hemical Society.loo

1. The name of the compound S;‘LH4 is silane. The
radical derived from 1t, H381~, 1s silyl.

2. Compounds having the general formula

160" Crone, J. Chem. .ng. lews, 24, 1233 (1946).
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HSSi(SiHQ)HSiHa are called disilane, trisilane etc.,
according to the number of sillcon atoms present. The
radicals derived from these compounds are disilyl-,
trisilyl-, etc.

S Derivatives in which an OH is attached to

silicon are named by adding the suffix ol, diol, triol,

etce., to the parent compound. I'or exauple, HBSiOH 1s
gilanol; sti(OH)? 1s silanedilol.

4, Compounds having the formula HSBi(OSiH 0siH

g)n S

are called disiloxane, trisiloxane, etc., according to

the nmumber of silicon atoms present.

'S¢ Compounds having the formula Hasi(NHSiHB)nNHSiH5

are called disilazane, trisilizane, otc., depending on
the number of silicon atoms present,

A brief review of organosilicon chemisiry

Tor some eipnty years organic compounds of silicon have
been the subject of much research, but it has been only re-
coently that commercial and sclentiflc interests In these con=-
pounds have wldened and research in the fleld has been accel-
erated. So far probably less than two thousand organosilicon
compounds have been investigated; but the infinite varlability
of the silicon molecule, the expanding literature on the sub-

Ject, a standardized system of nomenclature and the development
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of many synthetic‘methods make a great and expanding new
chemistry built around silicon probable,

Silicon, the most abundant electropositive elecment on
the earth's crust, 1s a hard, brittle, metalllc-~like sub-
stance which occurs chlefly as the oxide. Silicon is
usually tetracovalent but, as would be 6xpected from its

position In the second short perilod of group four of the

periodlc table, 1t shows & maximum covalency of six.101

In organlc compounds silicon is tetravalent like carbon.
Chemically it regembles boron and germanium as closely
as carbon and 1t is impossible to predict the reactions of
this elﬂmént purely by analogy with those of carbon.102
There are ﬁwo types of covalent compounds of sillicon
wiilch are of particular interest to the work of this thesis
.and vinich are of general interest as starting materials in
the best preéent méthods for preparing organosillicon com-
pounds. These are the halides and the esters.
The halides of silicoh are prepared generally by the

direct action of the respective halogen upon elementary

10T, (a) sidgwick, "The Blectronic Theory of Valency"
Oxford University Press, London, (1932), Chap. IX;
(b) sldgwick and Callow, J. Chem. Soc., 125, 532
(1924),

lo2. Rochow, "Chemlstry of the Silicones", John i/iley and
Sons Inc., New York, N, ¥, (19406).
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8ilicon or its alloys. As o group, the heolides are vola=-
tile acid-amelling substances, their most characteristic
reactions being the readiness with which they hydrolyze
and their ability to form coordination compounds. Ior
example; with amnonia gllicon betrachloride Jirst forms a
hexa-nonate, Siclé.GHH5 which upon heating paases through

the stajes Si(HHQ)é, Si(HHz)gNH, S1(NH), and finally to

F
Si3N4. The reactions with water follow & similar course
ond ultimately plve silica.

The tetra halides are the cheapest, most readlily avall-
able canpounds of gilicon and are, for this reason, lm-
portant as starting materlalg for the gynthesis of many
orgaenosilicon conpounds.

There are several reactions which should be noted in

conmmection with the halides of silicon. The halogen atoms

may be readily replaced stepwise by alkoxy and aroxy groups
throurh reactions with the corresponding aleohol or phenol;

hydrocarbon groups may be attached directly to the silicon

103 104

by reaction with zinc aryls, with mercury aryls,’ with

103, (&) TPriedel and Crafts, Amn., 136, 203 (1865); (b)
Friedel and Ladenburg, ibid., 159, 269 (1e71); (c)
ibid., 203, 251, (1880),

104. Ladenburg, 1bld., 173, 151 (1874).



sodium aryls and alkyls,105

and with organomagnesium
halldes or Grignard reagents.lOG Recently the use of
organollithium reagents in place of Grignard reagents to
introduce alkyl or aryl radlceals Into the silane moleculs
has been demonstrated successfully.lm’l53
The halogoen in sillicon halides may be wreplaced by
hydrogen with aluminum or sone obher metal as an absorber.
Hurd’"® uses a mixture of hydrogen and the silicon halide
vopor and pesses this nmlixture over heated aluminum povidere.
A further interesting reaction of silicon halides ig that
with ethylene oxide to form a ﬂ-—chloroethoxy or ﬁ-bramo-
ethoxy g,roup.lo9
-S":?.-—Cl + CZIQ - Ol
0

The organic esters of gllicon are ordinarily referred

o 3 -0l - 0CH o, el

to as organic orthosilicates, belng considered csters of

105, (o) Polis, Ber., 18, 1540 (1885); (b) Klpping md
Lloyd, J. Chem. Soc., 79, 449 (19C1); (ec) Schumb,
Ackerman and saffer, J. Aim. Chems Soc., 60, 2486
(1928); (d) Schumbd and safrer, ibide, 63, 9% (1941).

106. Xipoing, Proc. Chem. Soce., 20, 15 (1904).

107, Fleming, United States Patent, 2,386,452 /C. A., 40,
603 (IQAGl/

108, nHurd, J. Am. Chem. Soce, 87, 1545 (1945).

109, (a) United States Patent, 2,381,137 /T.A., 50, 4808
(1945)7; (L) United States Patent 2,381,135 /C. A.,
-39, 4890 (1945)/3 (c) United utates fatent, 2,301,139
/€. Ao, 39, 4850 (1945)7.
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the hypothetical orthosilicic acid Si(OH)4. Tiils view is
based only on an analogy to the orthocarbonates for silicic
aclid 1s not acidlc in the sense of furnishing hydrogen ions.
Silicon esters are formed when tho halides are reacted with
alcohols, the products of such reactions being volatile
colorless liqulds of pleassant odor. Incomplete estorifica-
tion glves volatile alkoxychlorosilanes or if water is
present alkoxysiloxanes resulting from partial hydrolysis
of tho ester followed by inbermolecular condensation of the
silanols so I‘ormed.lo2 The hydrolysis of silicon ortho-
osters 1s relatively slow and can be controlled. This Tact
malzes the esters particularly useful in synthetic work.
The gilicic esteors, like thel}alides, react with Grignard
reagents to attach organic gfoups direetly to the silicon
atom in stepwise fushion.llo
f‘..i(Oi-i)4 + UM — I‘E'SJ’.(OR):5 + Mg (03)X

h'Si(Oﬁ)S + BgX — RzSi(OR)B + Mg (or)X

. Hecently it has been shown that the esters react readily
23 4 . . ) . 107,133
wilth organolithium compounds in a similar fashion,

There are two genereal types of synthesls lor organo-
gilicon compounds: the substitution nmethods and the direct

method. The substitutlon methods employ a silicon halide
110, United States Patent, 2,380,087,



or egter as starting material and the halogen atoms or
estor groups are renlaced successively by reactions with a
suiteble organometallic compound. The direct method uses
a hydrocarbon halide Lo react directly with a copper silicon
alloy in the liguid or vapor phase and in the presence of a
metallic catalyst to produce a mixture of organosilicon
halides., The methods employed in this thesis were sub~
atitution types.

This is only a very brief survey of a few of the most
pertinent pointsy about the organic compounds of sillcon.
A more complete review of organosilicon chemistry :ay be

found in one of the excellent general relforence wvorks on

the su.bject.loz’ll1

T (@) Friend, YA Text-Book of Inorganic Chemistry™,
Volume XTI, Part I, Charles Griffin and Company, Ltd.,
London, 1928, p. 246; (b) Krzuse and Grosse, '"Die
Chemie der metall-orpganischen Verbindungen", Cebruder
Borntraeger, Berlin, 1237, p. 2633 (c¢) Grignard, Du
Pont, and Locquln, "Traite de chlmie orpenique. T.
XIV. Composss azotea de ltocide carbonlque. Conpoges
organocarsenies, organophospnores ou organosilices",
llasson and Cle, Paris, 19393 (d) Robindon, Sci. J.
Roye Coll. Scle, 15, 24 (1945); (e) Fipping, Proc.
Loy. Soc. London, 159, 139 (1937); (f) Hausmen, J.
Chem. Ld. 25, 16 (I926); (z) Rochow and Norton,
Colloid Chemlstry, 6, 1092 (1946).
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III. EXPERIMENTAL

P-Diethylaminoethyl Mercantan

Method _@35

To a solutlon of (CoHg)oNLi, premared from 88 g. (1.2
moles) of diethylamine and 1.2 moles of methyllithium in
ether, cooled to -150 was added a solution of 78 g. (1.3
moles) of ethylene sul fide in 200 ml. of ether during two
hours. 'The mixture wss maintained below -50 for two hourse
and was sllowed to warm up to room temperature durlng the
next hour. The mixture was then cooled to -15° and 1.4
moles of hydrogen chloride in 303 ml. of anhydrous ether
was added during fifteen minutes, followed by 100 ml. of
water. From the dried ether layer was obtained 76 g. (48%)
of product distilling at 66-680/20 mm. Gilman and ‘.‘!(>0c,"its:7"5
renort yields of 48.1% and 44% for this nrevaration.

26
Vethod B

Hydrogen sul fide ﬁas bubbled throuvgh 350 g. (1.4
moles) of melted sodlum sulfide nonahydrate for seversl
hours until 1t was ssaturated. To the resulting solution
wss added 90 g. (0.6 moles) of freshly distilled ﬂ-diethyl-
aminoethiyl chloride and the mixture was refluxed with stir-

ring for one hour in an atmosnhere of nitrogen. 7The resction
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mixture was cooled and extracted wlth ether. The ether
extrnct was dried over anhvdrous sodium sulfate and distllled
to pive 44 g. (50%) of nroduct boilling at 62-85°/21 ma.
Yields from this prenaration varied from 25-575%.

37

Method C

To a refluxing golution of 99 g. (1.3 moles) of thilourea
in 200 mi. of 954 ethanol a solution of 209 g. (1.16 moles)
of F—diet‘hylaminoethyl chloride hydrochloride in 600 ml.
of 95% ethanol was added in a thin stream during one-half
hour. The solution was lert over night and the white lso-
thiouronium comnlex orecinitated out. The solid material
wag Tiltered and 268 g. (909) of the comniex melting at
192-194° was ob tained.

P-Dlethylaminoethyl isothiouronium chloride hydro-
chloride (268 g.) was susvended in 400 ml. of water and a
hot solution of 81.2 g. of sodium hydroxide in 370 ml. of
water was added. The mixture was saturated with salt and
extracted with ether. The ether extract was dried over
anhydrous sodium sul fate and distilled to give 85 g. (60%)
of product boiling at 65-650/20 mm.

Y-Diethylaminopropyl M¥ercaptan

26
Method A

Hydrogen sulflde was bubbled through 240 g. (1L mole)



of melted sodium sulfide nonahydrate for several hours until
it was saturated. To the resulting <olution was added 78
. (0.52 mole) of freshly distilled Y-diethylaminomronyl

et fl.orildell2 and thre reaction mixture wrs refluxed with stir-
ring for three hours. The reaction mixture was cooled and
extracted with ether. The ether extract was dried over
anhydrous sodium sulfate and distilled %o glve 45 g, (60%)
~f vroduct boiling at 73-76°/20 mm.

In another vrenaration veing 6 moles of Y-dlethyl-
aminonronyl chloride the ether extract was trested with 203
sodium hydroxide solution in order to obtaln nmduct that
wag free of Y-dlethylaminonronyl chloride (b. n., 75-76"/
20 mm.). Hydrochloric acld was added with stirring to the
alkaline solution. The two layers which formed were senarsted.
The slightly alkaline solution was made acidic and ammonium
hydroxide was added until it wss alkaline. The alkaline
golution weas extracted with ether and the extracts were com-
bined with those fram the first extract and dried over
anhydroug sodium sulfate. After removal of the ether, a
vield of 47 g. (207) of product boiling at 82-85°/20 mm.
wa8 obtalned.

28
Method B
To a refluxing solution of 152 g. (2 moles) of thiourea

112. ‘“4lman end Shirley, J. Am. Chem. Soc., 66, 888 (1944),



in 350 ml. of 95% ethanol a solution of 1.53 moles of
Y-diethylaminonronyl chloride rydrnchlorlde was added in a
thin stream during one-half hour. The resulting clear
solution wag refluved for six hours. Uron removal of some
of the solvent the isothlouronium comvlex senarated out.
The so0lid materisl was filtered and 86% of nroduct melting
at 128-130° was obtained.

}uDiethylaminonronylisothiouronium chloride hydro-
chloride (50 g.) was susnended in 150 ml. of water and a
hot solution of 154 g. of sodium hydroxide in 100 ml. of
vater was added. The mixture wns saturated with sslt and
extracted wlth ether. The ether extract wns dried over
anhydrous sodium sulfate and distilied to glve 50% of nro-
duct bolling at 68-70°/20 mm,

2-0uinolyl p-Diethylaminoethyl Bulfide FKydrormh Loride

A golution of 19.9 g. (0.15 mole) of P-diethylamino—
ethyl mercentan in 50 ml. of absolute ethanol was added to
a2 stirred and gently refluxing solution of sodium ethoxlde
nrenared from 0.18 g, atom of sodium in 50 ml. of absolute
ethanol. After refluxing for thirty minutes, there was
added to the sodlium mercantide a solution of 20 g. (0.12
mole) of 2-chloroquinoline in absolute ethanol and the re-
sulting mixture was refluxed for four houre in an atmos—here

of nitrogen. After removel of the ethanol, the residue was
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trested with a mixture of ether and water. The ether layer
wns senarated, drled over anhydrous sodium sulfate and
treated with hydrogen chloride. Reorystallization of the
hydrochloride from absolute ethanol gave 22.7 g. (65%) of
nroduct melting at 192-1930.

Anpl. Caled. for 015H21N201S: N, 9.46; Cl1, 11.82;

$, 10.81. Tound: N, 9.28; C1, 11.45 and 11.52; S, 10.66
and 10.45.

2-Quinolyl ¥Diethylaminonronyl Sulflide Hydrochlorilde

A solution of 16.1 g. (0.11 mole) of Yy~diethylamino-
nronyl mercentan in 50 ml. of absolute ethannl was added to
a stirred and gently refluxing solution of sodium ethoxlde
prenared from 0.11 g. atom of sodium in 60 ml. of absolute
ethanol. After refluxing vor thirty minutes, there wsas
added to the sodium wercantide a solution of 14.7 g. (0.09
mole) of 2-chloroaquinoline in absolute etl:anol and the re-
sulting mixture was refluxed for five hours in an atmosrhere
of nitrogen. The ethanol was removed and the residue was
treated with a mixture of ether and water. The ether layer
was separated, dried over anhydrous sodium sulfate and
treated with hydrogen chlorlde. Recrystallization of the
hydrochloride from absolute ethanol gave 14 g. (50%) of
vroduct melting at 141-142°.
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Pound: N, 9.10 and 9.41; €1, 11.%4 and 11.22,

4-Methyl-2-quinolyl B-Diethylaminoethyl
Bulfide Dihydrochloride

A solution of 11.9 g. (0.09 mole) of p-diethylamino-
ethyl mercantan in 50 ml. of absolute ethanol was added to
a refluxing solution of 0.09 g. atom of sodium in absolute
ethanol and the mixture was stirred for thirty minutes. Then
a solution of 12.3 g. (0.07 mole) of 2-shloro-4-methylquino-
1line in absolute ethanol w2g added and the reaction mixture was
refluxed for three hours in an inert atmos—here. The solvent
was removed and the residue was treated with ether and water.
The ether layer wss serarated, dried o ver anhydrous sodium
sul fate and treated with ethereal hydrogen chloride. Re-
crvsta’lization of the dihydrochloride from absolute ethanol
gave a yleld of 43% of product melting at 216-217°.

Ansl. Caled. for G H, N,Cl,S: W, 8.09; CIl, 20.23;
8, 9.24. PFound: N. 7.20 and 8.10; (Cl, 20.00 and 20.22;
S. 9.40,

4-Methyl-2-quinolyl Y-Diethylaminonropyl
Sulflide Dihydrochloride

To a stirred and gently refluxing solution of 0.09
. atom of sodium in sbsolute ethanol was added s solution
of 12 g. (0.09 mole) of Y-dlethylaminopropyl mercantan in

50 ml. of absolute ethanol and the mixture was refluxed for
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thirty minutes. Then a solution of 12.3 g. (0.07 mole)
of 2-chloro~4-methylquinoline in sbsolute ethanol was added
and the reaction mixture was refluxed for four hours in an
atmosnhere of nitrogen. The solvent was removed and the
residue was taken uvn in ether and washed with »ater. The
ether solution was dried over anhydrous sodium sulfate and
treated with ethereal hydrogen chloride. Reerystalllzation
of the dihydrochloride from an absolute ethsnol-ethyl
acetate mixture pave 60% of vnroduct melting at 129-200°.
Angl. Calcd. for CynH N'Clzs: N, ?.77. Found: N,

—— 2672

7.30 and 7.80,

6-Methoxy-2-aquinolyl P-Diethylaminoethyl
Sul fide Dihydrocnloride

Method A

A solution of 10.6 g. (0.08 mole) of /3-d1ethy1am1no-
ethyl mercantan in 50 ml. of absolute ethanol was added to
a stirred and gently refluxing solution of sodium ethoxide
nrenared from 0.08 g. atom of sodium in G0 ml. of absolute
ethanol., After refluxing for thirty minutes there was added
to the sodium mercantide a solution of 10. g. (0.05 mole)
of 2-chloro-6-methoxyquinoline in absolute ethanol and the
resulting mixture was refluxed for nine hours in an atmos-
phere of nltrogen. The ethanol was removed under reduced

pressure and the residue was dlssolved Iln ether and washed
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with water. The ether solutton was dried over anhydrous
sodlum sulfate and treated with etheresl hydrogen chlorlde.
Recrystallization of the dihydrochloride from absolute
ethanol gave 33% of nroduct melting at 168-1700.

Angl. Caled. for 016H240N20125: N, 7.73; Cl, 19.33;
5, 8.84., TWound: N, 7.94: Cl, 19.00:; 8, 8.78 and 8.53.

2-Chloro-6-methoxyquinoline was nrepared in 55% yield
from 6-methoxyquinol ine-N-oxide hydrochloride and nhosvnhorus
oxychloride.lls The 4-isomer was obtalned in 33% yield in
the same reaction. The 6-methoxyaquinoline-N-oxide hydro-
chloride was nrevared in 98% yield by oxidizing 6-methoxy-

113
quinoline wlth perbenzoic acid.

Method B

G-Methoxy-z-quinolyi.ﬂ-diethylaminoethyl sulfide di~
hydrochloride was also prenared in 30% yield by refluxing
for four hours a mixture of a solutlon of 5 g. (0.04 mole)
of P-dlethylaminoethyl chloride and 0.02 mole of the sodium
salt of 2-mercanto-G-methoxyquinoline in absolute ethanol.
After removal of the solvent the residue was talen up in
ether, drlied over anhydrous sodium sulfate and treated with
ethereal hydrogen chloride. The dlhydrochloride which melted

at 168-170° was ldentifl ed by a mixed melting noint with the

113, Magidson and Rubstov, J. Gen. Chem. (U.S5.8.R.), 7,
1896, (1927) /C. A., 32, 664 (1938)7.



dihydrochloride from the first nrenarsation,
2-Mercanto-6-methoxyquinoline

This commound wag nrepared, with some modification,
according to the dlrections of Johnéo for the nreparation
of 4-mercanto-S-methoxyauinoline.

A mixture of 14 g. (0.092 mole) of 2-chloro-6-methoxy-
auinoline, 11 g. of notassium hydrosulfide and 46 ml. of
absolute ethanol was heated at reflux temperature for
fifteen hours. The s80lid material which formed was washed
well wilth water and neutrslized with acetic acid. After re-
crystallization from absolute ethanol 5 g. (23%) of »nroduct
melting at 185-187" was obtained.

Anal. Calcd. for CynHqONS: N, 7.33, Found: N, 7.40.
4-Methyl-2-quinolyl f -(N-Pineridyl)ethyl Sulfide

A solution of 16 g. (0.1 mole) of 2-mercanto-4-methyl-
nuinoline in a mixture of equal parts of ethylene glycol
and methyl cellosolve was added to sodium ethoxide vnrenared
from 0.1 g. atom of sodium in 50 ml. of absolute ethanol
and the mixture was refluxed for twenty minutes. A solution
of 16 g. (0.1 mole) of N-B-chloroethylnineridine in abso-
lute ethanol was added and the reaction mixture was refluxed
for s8lx hours. After removal of the ethsnol the reslidue

wag treated with water and ether. The ether laver was
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goparated and upon standing crystals sebtiled oubt. Ne-
crystallization from absolute cthanol gave 11 g (404 of
product melting at 75-76°

Aal. Caled. Tow F.8: N, 9.79; S, 11.18.

Ciytaglis
Pound: I, S.74; I, 11.03 and 11,00,
40

The 2-wercesto~2- methylguincline  was preparod in
88% vield fronm thiouvree and 2-chloro-<-mebhylquinoline.
" . " . . - 114 . - Y et »
The N—ﬁ—culoroevhylplperidlne was obtained in GO yield
from N-ﬁ»hydroxyethylpiporidine and thionyl chloride in
) N v - . - " g2 115
chlorofforma; and the N—ﬁ—mydroxyeunylplporldlno was
prepared in 809 yvield from the reaction of pineridine wiib

etiylone chlorohydrin in acetone,

4-ilothyl-2=quinolyl A~ (H-lMorpholino)ethyl Sulfide
{

A solubion of 1549 e (04l mole) orf 2-mercapto-ie-
methylquinoline in a mixture of equal parts of ethylone
glycol and methyl cellosolve was cdded to sodium ethoxlde
prepaved Irom 0.l . abom of sodium in 50 mnl. of absolute
ethancl and the mixture was reiluxed for twenlby minutes,

A solution of 16 ge (Vel molie) ol H—ﬁlchloroethylmorpholine
was added and the reaection mixture was refluied for six

hourg. Aftor removal of the cthanol, the »esiduc was itreabed

with viabter and ether. The ether layor was separated and upon

5 ervatals of product sebiled out. fiecerysteliization

Ie Ge Pnrbon¢ndu4tf;e I'rench pabent 802,416 (1946)
[Chem. Zentr., II, 4255 (19.56_)7

115, v. Braun, bBralnsdorl and Rath, Ber., BH, 1666 (1o22),

———




from absolute ethanol gave 10 g. (40%) of materiasl melting
at 85-85.5°.,

Anal. Calcd. for ClGHQOONZS: N, 9.72: 8, 11.11.
Pound: N, 9.79; S, 11.03 and 11.00.

The N-ﬁ-chloroethylmornhol1ne35 was vnrepared in G65%
yield from N-ﬂ-hydroxyethylmornholine and thionyl chloride
in chloroform. The N-ﬁ—hydrnxyetbylmornholinell6 was nre-
nared in 91% yleld from the re=ction of mornholine with
ethylene chlorohydrin in acetone.

6-Methoxy-4~-methyl-2-quinolyl Y-Diethylamino-
. pronyl Sulfide Hydrochloride

Method A

To a solution of sodium Y-diethylaminonronyl mercantide
in absolute ethanol (prenared from 0.068 mole of'Y;diethyl-
aminoprronyl mercantan and 0.06 g. atom of godium) was added
12.4 g. (0.06 mole) of ?—chloro-4—methy1—6-methoxyquinol1nél7
in 75 ml. of methyl cellosolve. The mixture wass refluxed for
seven hours in an inert atmosvhere. The ethanol was removed
under reduced vnressure and the residue was shaken wlth ether
and water. The ether layer was dried over anhydrous sodium
sulfate and treated with ethereal hydrogen chlorlde to give
116. Mason and Block, J. Am. Chem. Soc., 62, 1443 (1940).

117. Xindly furnished by 5. P. Massie.
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a 80114 nroduct. Recrystallization from absolute ethanol
zave 10.5 g. (504) of the hydrochloride melting at 200~
201.°.

Anal. Calcd. for 018H2 ON,C19: W, 7.91. Tound N,

72
8.0%.

Method B

To a solution of 7.8 g. (0.03 mole) of Y-diethyl-
aminopronylisothicuronium chloride hydrochloride in 50 ml.
of methyl cellosnlve was added 6.2 g. (0.03 mole) of 8-
ciloro-4¢-methyl-6-methoxyquinoline dissolved in & minlimum
of methyl cellosolve. The mixture was heated undesr reflux
with stirring and treated with a solution of 3.2 g. (0.15
o, atom) of sodium in absnlute ethanol, added in a thin
stream over a neriod of one hour. The reactlon mixture was .
refluxed for seven hours, fiiltered and freed from solvent
b distilletion under reduced vressure. The residue was
dlssolved in ether, washed wilth water and dried over an-
hydrous sodium sulfate. Treatment with ethereal hydrogen
chloride gave 46% of nroduct which, after recrystallization
from agbsolute ethanol, melted at 200—2010.

4-Carboxy-2-guinolyl ﬂ—niethylaminoethyl
Sul fide Hydrochloride

A solution of 6.8 g. (0.05 mole) ofﬁ-aiethylamino-
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ethyl mercantsn in 20 ml. of absolute ethanol »nas added to
a stirred and gently refluxing solution of sodium ethoxide
nrenared from»O.bS g. atom of spdium in 80 ml. orf absolute
ethanol. After cefluxing for thirty minutes, there was
added to the sodium mercantlide a solution of 8.8 g. (0.04
mole) of Z2-chlorocinchoninic acid in absolute ethanol and
the resulting mixture wss refluxed for nine hours. After
removal of the ethanol, the residue was taken up in ether
and treated with 30% sodlum hydroxide. The solution was
made azcid and the ether layer was cererated snd dried over
anhydrous sodium sul *ate. Treatment with ethereal hydropen
chloride gave a solld which, after recrystaliization from
absolute ethénol, gave 9 g. (70%) of nroduct melting at
240-242°,

Anal. Calcd. for C,-H,,0,NC1S: N, 8.23. Found N,

1672172
8.25.

N-Acetylisatin' o

Seventy-five grams (0.51 mole) of isatin was heated
at reflux temmerature for thirty minutes with 150 g. of
acetic anhydride. The solution wag cooled and 73 g. (75%)

of N-acetylisatin m. n. 151o senarated out of solution.

118. Camp, Arch. Pharm., 237, 687 (1899).




2-Hydroxycinchoninie !\.cild.u9
N-Acetylisatin (56 g.) wng boiled for one hour under
reflux with 30 . of godium hydroxide in 1800 ml. of watar,
The solutlion was cooled, neutralized to congo naner and the
nrecinitate whieh formed was collected and washed with water.
The vrecinltate was tfeﬂted with sodium bicarbhonate solution
and the unreacted isatin wns filtered off. The Mltrate

7ag acldified and a yvield of 85% of nroduct melting at 341°

wnB ohtained.

119
2-Chlorocinchoninic Acid

2-Hydroxyecinchoninic acid (18 g., 0.1 mole) was heated
=1th 45 g. of nhosnhorus oxychloride for thirty minutesiln
an 011l bath at 170-140". The dark brown liquid was c¢o0led,
moured into water, and, a®ter two hours, the solid materlal
was collected. TPTurification wes effescted by dissolving the
materlial in sodium blearbonate solution and renrecipitating
it with dilute acid. A yield of 16 g. (82%) of »nroduct
which effervesced at 200° was melted at 244-246° was obtained.
Kondo and Nozolleo rervort a molting point of 244° ang Alnley

120

. o
and King renort a melting voint of 272-235 for this comnound.

119, ?1n1ey and King, Proc. Roy. Soc. (London), 1258, 69
18328).

120. Kondo and Nozol, J. Pharm. Soc. Janan, 56, 10 (1938)
/C. A., 30, 3432 (1978)7.




6-Methoxy-4-quinolyl f-Diethylaminoethyl
Sul fide Mihydrochloride

A solution of -7 g. (0.05 mole) of'P-diethylaminoethyl
mercantan in absolute ethanol was added to s refluxing
golution of 0.05 mole of sodium etloxide. After refluxing
for thirty minutes, there was sdded to the sodium mercaptide
a solution of 7.5 g. (0.03 mole) of 4-chloro-S-methoxy-
quinoline113 in absolute ethanol and the resulting mixture
vas refluxed for nine hours in an atmosnhere of nitrogen.
After removel of the ethsnol, the residue was treated with
water and ether. The ether layer was senarated, dried over
anhydrous sodium sulfate and distilled to gilve 2 g. (23%)
of nroduct bolling at 195-2000/1.5 mm, Addition of hydrogen
chloride to an ether solution of this materlial precinitated
the dihydrochlgride which uron recrystallization from abso-
lute ethanol melted ot 219-220°.

Angl. Calcd. for C1gHp ON018: N, 7.73; C1, 19.33;
S, 8.84, TWounda: N, 7.75; (1, 19.03; S, 8.78.

7-Chloro-4-quinolyl ﬂ-Diethylaminoethyl
Sul fice Dihydrochloride

‘A solution of 19 g. (0.1 mole) of 4,7-dichloroquinoline
in absolute ethanol wns added slowly and with stirring to
0.1 mole of sodium ﬂ-diethylaminoethyl mercantide and the

regction mixture was refluxed for ten hours in an atmosnhere



of nltrogen. The solvent wes removed under reduced nressure
and the residue was taken up in ether, washed with 30%
sodium hydroxide solution and dried over anhydrous sodium
sulfate. Treatment of the ether solution with ethereal
hydrogen chloride gave 22 g. (75%) of the dihydrochloride
which, after recrystal’ization from absolute ethanol,
melted at 234-235°.

Anal. Caled. for G150 gNoC1o8.2HC1: N, 7.65; C1,
19.12; 8, B8.74, Found: N, 8,00; €1, 18.99 and 18.99;
5, 8.47 and 8.50.

‘2-Quinolyl ﬁ-Hydroxy~}bmornholinonropyl Sul Fide

To a stirred solution of sodium Z2~quinolyl mercantide
in absolute ethanol {(vnrenared from 0.18 mole of 2-thiol-
guinoline and 0.18 g. atom of sodium) vas added anproxl-
mately 0.2 mole of l-mornholino-2,3-enoxynropane in abso-
lute ethanol. An exothermic resction set in and salt vre-
cinltated out. The reaction mixture was refluxed for six
hours in sn atmosnhere of nitfogen. The solution was
filtered from the salt which hed formed and the ethanol was
removed under reduced pressure. A yleld of 43 g. (80%) of
crude vroduct remained. Tlris material wés eonverted to the

s0lid nicrete and the dihydrochloride.



2-Quinolyl B -Hydroxy-Y-mornholinonronyl
Sulfide Pilcrate

One gram of the sulflde was dlssolved in ethanol
and a hot solution of wnicric acld vas added. A yellow
solid precinitated out which unon recrystallizatién from
absolute ethenol melted at 171-172°.

Anal. Calcd. for 022H2309N5S: N, 13.13. Found:
N. 13.320.

2=Nuinolyl ﬂ—HydronyY—mornhol1noprony1
Sulfide Dihydrochloride

Two grams of the sulfide was dissolved in anhydrous
ether and ethereal hydrogen chloride was added. ATter the
addltion of a small ocuantity of ethyl acetate a vhite
hydrochloride came dovm. Recrystallization from an abso-
lute methanol~-ethyl acetate mixture gave a vrroduct which
melted at 198-200°.
Ansl. Caled. for 0y H,0,NSC1 : N, 7.45; S, 8.51.
Found: N, 7.24; 8, 8.53.

The l-mornholino-2, 2-evoxyrronane used in thie nre-
naration was nrenared according to the directions of
Drozdov and Cherntzov121 using 46 g. (0.46 mole) of eni-

chlorohydrin, 27.3 g. (0.4 mole) of mornholine and 2 ml,

of water,

171. Drozdov and Cherntzov, J. Gen. Chem. (U.S5.5.R.),
969 (1934) /€. A., 29, 7148 (19735)/.



2-Quinolyl P-Hydroxy-)-ntneridylnrOﬁyl Sul fide

42
A solution of 10.5 g. (0.06 mole) of 2-thiolauinoline

in absolute ethanol was added to a stirred and gently re-
fluxing solution of sodium ethoxide nrenared from 2.3 g.
(0.1 g. stom) of sodium in 50 ml. of absolute ethanol. After
refluxing for thlirty minutes there was added to the sodium
mercaptide a golution of arproximately 0.15 mole of 1-
niperidyl-2, 3-enoxypronane in absolute ethanol and the re-
sulting mixture was refluxed for four hours. The solution
rag filtered from the salt which had formed and the

ethanol wss removed under reduced nressure. All attemnts

at crystallization of the semi-g0lid material which remained
were unsuccessful . The yleld of this erude vroduct was 81%.

A Bmall amount of the seml-g0lld was treated with
etheresl hydrogen chloride and_a very hygrosconle hydro-
chloride formed melting from 169-172°.

An alcoholic solution of another vortion of the
mz2terial was treated with a hot alcoholic esolution of
picric acld and the resulting nicrate came down as s yellow
solid melting ot 188—190o after one recrystallization from
absolute ethnnol.

Anal. Calecd. for 023H2508N5S: N, 132.18; S5, 6.02.
Found: N, 13.18; 8, 5.70.
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The l-vireridyl-2, X-enoxyoropane was vrepared sccord-
121

Ing to the general dilrections of Drozdov and Cherntzov
using 25 g. (0.27 mecle) of enichlorohydrin, 21.2 g. (0.°5

mole) of viperidine and 1 ml. of »ater.
2=-Quinolyl 2, 4-Dinitrophenyl Sulfide

A solution of 10.6 (0.06 mole) of 2-th101qu1noline42
in aebsolute ethanol was added to a stirred and gently re-
fluxing solution of sodium ethoxide nremared from 1.38 g.
(0.06 g. atom) of sodium in 50 ml. of ébsolute ethanol,
After refluxing for thirty minutes there was added to the
sodium merosntide a solution of 12.1 g. (0.06 mole) of 2,4-
dinltrochlorobenzene in absolute ethsnol. The vroduct nre-
cipitated out as a yellow solld immediately after the addl-
tion was made. Recrystallization from an acetone-
ethanol mixture gave 11 g. (60%) of nroduct melting at
160-161".

Anal. CGCaled. for CqgHgO4Nz5: N, 12.84. Found:

N, 13.00,
n-Aminothiophenol
This comnound was prepared according to the directions
of Gainer.122 A mixture of 128 g. (0.8 mole) of p-nitro-

chlorobenzene, 2 liters of water and 480 g. (2 moles) of

122, Galner, G. C., Dectorial Dissertation, Iowa State
Jollege. (L34G).
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sodlum sulflde was refluxed for eight hours. The mixture
was saturated wlth sodlum chloride and 4 moles of glaclal
acetlc acld was added to liberate the sodlum mercaptide.
The mixture was extracted with ether and the ether extracts
were dried over snhydrous sodium sulfate. The ether was
removed and the residue was distilled to give 51 g. (51%)
of product boiling at 140-1410/15 mm, Unon standing the

vroduct crystallized to a white solid melting at 420.
2-Quinolyl E—Amlnonhenyl Sulfide Hydrochlorlde

To a solution of 1.6 ¢. (0.069 g. atom) of sodium in
50 ml. of absolute ethanol was sdded a solutin of 8.7 g.
(0.069 mole) of p-aminothioohenol and the mixture was re-
flurxed for thirty minutes, A soluticn of 13 g. (0.09
mole) of 2-chloroquinoline in absolute ethanol was added
and the reaction mixture wss refluxed for twd hours. The
solution was filtered, the ethonol was removed under re-
duced vressure and the residue was dissolved in ether and
dried over anhydrcus sodilum sulfate. After removal of the
ether a yield of 13. g. (80%) of crude rroduct remsined.
Lthereal hydrogen chloride wss added to sn ether solution
of the free base and the hydrochloride nreclnitated out as
a light vellow solid. Recrystallization from absolute

0
ethanol gave a pure nroduct melting at 228-228 .



Anal. Caled. for CygHy,N,5C1: 5, 11.11. Found:
5. 11.20 and 11.00.

6-Methoxy-2-Quinolyl n-Aminophenyl Sulfide

To a stirred and gently refluxing solution of sodium
ethoxlde, prenared from 1.15 g. (0.05 g. atom) of sodium
in 80 ml. of sbsolute ethanol, was added a solution of
6.25 . (0.05 mole) of n-aminothionhenol and the mixture
wvas refluxed for thirty minutes. A solution of 4.6 g.
(0.03 mnle) of 2-chloro-6-methoxyquinol1nel13 in absolute
ethanol was sdded and the reaction mixture was refluxed
for ten hours h an stmosnhere of nitrogen. The solutlion
was FPiltered, the solvent was removed under reduced vres-
sure and the residue was treated with a 20% solution of
sodium hydrnxide. The basic solution was extracted with
ether, the ether layer was separsted and trhe ether was
removed. Recrystallization from absolute ethanol gave
2.5 g. (30%) of n~roduct melting at 117-119°7.

Angl. Calcd. for CygH, ,ON5S: N, 9.93. Found:

N, 9.99.

6-Methoxy-2-ouinolyl p-Aminonhenyl
Sul fAde Hydroci:loride

To an ether solution of the sulfide was added ethereal

hydrogen chloride. A yellow solid formed which upon
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recrystallization from absolute ethanol melted at 233-
235° .,

Anal. Caled. for 016H150N2801: N, 8.80; 8, 10.06.
ffound: N, 8.96; S5, 10.30.

6-Methoxy-4-quinolyl n-Aminonhenyl Sulfide

A solution of 6.25 g. (0.05 mole) of p-aminothio-
phenol was added to 0.05 mole of sodium ethoxide (vpre-
nared from 0,00 g. atom of sodium in 50 ml. of absolute
ethenol) and the solution was refluxed for forty minutes.

A solution of 5 g. (0.07%5 mole) of 4-chloro-6-methoxy-
quino;l.ine113 in sbsolute ethanol was added and the re-
action mixture was refluxed for three hours in an atmosnhere
of nitrogen. The solution was filtered, the solvent was
removed and the residue was treated with a 20% solution

of sodlum hydroxide. The basic solution was extracted with
ether and the ether was removed. The residue was crystal-'
lized from absolute ethanol to give 4.5 g. (45%) of nro-
duct melting at 145-146 .

ﬁﬂﬁl{ Calcd. for 016H14QN28: N, 9.93; 5, 11,34.
Found: N, 9.60; 8, 11.30 and 11,40,

6-Methoxy-4~-methyl-2-quinolyl Methyl Sulfide

To 2 g. (0.009 mole) of 2-chloro-4-methyl-6-methoxy-
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quinolinell? dissolved in 20 ml. of methyl cellosolve was
added 5 ml. of 3 molar sodium methyl mercantide and the
mixture wns refluxed for one hour. The solvent was re-
moved and the residue was treated with water. The salt
vhich had formed dissolved and a white solid remalned.
Recrystallization from absoluie ethanol peve 1.7 g. (207
of yroduct meltine at 104—1050.

Anal. Calcd. for Cl?H ONS: N, 6.39. Found:

17
N, 6.20.
-
This reaction was reneated using ethanol as the sol-
vent. Quantitative recovevy of 2-c¢hloro-4-methyl-6-
methoxyouinoline was obhtained, indlecating that the tem-

narature of bolling ethanol was not grest enough to ef-

fect renction.
4-Carboxy-2-~uinolyl p-Aminonhenyl Sulfide

Sodilum ethroxlde was nrenared using 2.3 g. (0.1 g. atom)
of sodium gnd 50 ml., of absonlute ethanol. To this was
added 12,5 . (0.1 mole) of p-aminothlonhenol and the
mixture was refluxed for twenty minutes. A solution of
20.7 g. (0.1 mole) of 2-chlorocinchoninic scld in abso-
lute ethanol was added and the mixture was refluxed in an
atmosnhere of nltrogen for sixteen hours. The solution

was filtered and the solvent was removed under reduced



nressure. The residue was dissolved in sodium hydroxide
solution and the nroduct was precivitated as a yellow solld
by the addition of hydrochloric acid. The yteld of crude
product (m.vo., 734%) was 2.3 g. (80%). Recrystellization
from methyl cellosolve gave a nure nroduct melting at 226°,

Angl. Caled. for 616H1202N28: N, 9.45; Neut,
Kgulv., 296. Found: N, 9,31; Neut. Equiv., 291.

7-Chloro-4-quinolyl 2-Benzimidazole
Sulflide Hydrochlorids

To a solution of 5.91 g. (0.03 mole) of 4,7-dichloro-
quinoline in absolute ethanol wes added o solution of 4.2
g. (0,03 mole) of 2-th101benzlm1dazolelgg in absolute
ethanol and the resetion mixture was refluxed for two hours.
The reaction mixture was cooled and =z 8mall quantity of
ether wass ndded to initiste crystallization. A yleld of 8

o)
g. (80%) of product melting at 194-197 was obtained. Upon

'<l. _ -HC1
ok
¢l- N

123. Kindly furnished by Parke, Davis and Company.
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recrystallization from absoluvte ethanol the nroduct melted
at 195-196°.

Anal. Csled. for CigP1oNz018.FC1: N, 11.76.
oundc: N, 11095-

7-Chloro-4-quinolyl ?-(4,5'-Dinhenx%1m1dazolyl)

Sulflde Dihyérochloride

To a solution of 3.56 g. (0.018 mole) of 4,7-di-
chloroauinoline in absolute ethanol was added a solutinn
of 4.5 g. (0.018 mole) of 4».,5-»d1p1'1eny1--?,--th.’Lnlimidazalel‘j3
in absolute ethsnol and the resction mixture was bheated at
reflux temnerature for forty-five minutes. The renction
mixture was cooled and a yellow solid came out of solution,
Recerystallization from 95% ethanol gsve 6.5 g. (75%) of
nroduct melting at 166-1670.

Anal. Caled. for Cg,H,sN,C15.2HCL: N, 8.65.
Found: N, 8.16 and 8.30.

FTr
N _C—~¢cH
g~ Cghs
— ) — —_r -
5 0n £ — Cgllg - 2HCL
1
c1

i)



A
2-0uinolyl 2-Thlszolinyl Sulfide Hydrochloride

To a solution of 6.5 g. (0.04 mole) of 2-chloro-
quinoline in absolute ethanol was added 4.76 g. (0,04 mole)
of q--merce;m1:01'.}31a1zc>1fmelﬁ’3 in sbsolute ethanol. The re-
action mixture was reflured for %o hours. Unon cooling
a yellow s0lld senarated out. Recrystalllization from ab-
solute ethanol gave 38% of nroduct melting at 189-191°.

Anal. Caled. for CgoH 1NoCl8,t N, 9.93. Found:

N, 10.09.

7-Chloro-4-quinolyl. f—Diethquminoethyl
Sulfone Dihydrochloride

Two grams (0.006 mole) of 7-chloro-4-quinolyl ﬂ—di-
ethylaminoethyl sul fide dihydrochloride was susrended in
50 ml: of glacisl acetic acid =nd 6 ml. of 30% hydrogen
peroxide was added. After the sulfide went into solution
the solution was heated to 800 for fiftsen minutes ond
2lloved to stand at room temnerature for tmenﬁy-four hours.

A white g01lid came out nf solution and after recrystalliza-

e e st e s e

2
=8~ ] 1cl
N \ﬁs/ﬁﬂg .

Ih.__-CH
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Anal. Calcd. for CygHo10oNoC18.2HCL: N, 7.03.
Found: N, 6.98,

2-Mercantopyridine

2-Mercantopyridine wns prensred essentlally according
to the method of Phillivs and Shapiro.45 A mixture of
11.5 g. (0.072 mole) of 2-bromovyridine, 10.64 g. of
thlourea and 30 ml. of absolute ethanol was refluxed for
one haur. The solution was cooled, poured into 30 ml. of
concentrated ammonia and allowed to stand at room tempera-
ture for thirty-six hours. The solution was made slightly
acld with acetic acild and extracted »ith chloroform. Re-
moval of the solvent gave 6 g. (75%) of solid nroduct
which after erystallization from ethanol melted at 125-
126°. Phillips and Shapiro remort a yleld of 47% of
materisl melting at 125 .

2.Bromopyridine was prepared in 77% yleld according

124
to the dlrections of Cralg.

2-Pyridyl 2,4-Dinitrophenyl Sulfide

To a stirred solution of 1.15 g. (0.05 g. atom) of
sodium in 50 ml. of sbsolute ethanol was added a solution
of 5 g. (0.05 mole) of 2-mercantopyridine in absolute ethanol
122, Cralg, J. Am. Chem. Soc., 56, 231 (1936).
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end the mixture was refluxed for thirty minutes. A solution
of 10 g. (0.05 mole) of 2,4-dinitrochlorobenzene in abso-
lute ethanol was added end the reamction mixture was refluxed
for six hours. The ethanol was removed and the residue
was dissolved in a 20% sodium bhydroxide solution and ex-
tracted with ether. The ether solutlon was dried over
anhydrous sodlum sulfate. Removal of the ether gave a
g0lid product which after recrystallization from absolute
ethanol melted at 115-1160. The yield of oure product was
9.6 g. (70%).

Anal. Caled. for Cq;H,O4N-.8: N, 15.16. Found:
N, 15.19.

2-(ﬂ-Chloroethyl)pyridine Bydrochloride

To 300 ml. of chloroform was added 205 g. of thionyl
chloride and the solution was cooled in an Lce-bath to 0°.
A solution of 129 g. (1 mole) of 2-pyridineéthan01125 in
chlorcform vas added slowly and with stirring by means of
8 drovning funnel. The reactlion mixture was allowed to
warm up to room temvmerature and was refluxed for ten hours.

The react ion mixture was cooled, 200 ml. of water was added

end the mixture was extracted with 6N hydrochloric acid.

125. This compound was obtained from Reilly Tar and
Chemical Comnany.
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The bydrochloric acld was removed on the water numn, ethanol
wag added and the material was evanorated to dryness. Re-
erystallization from absolute ethanol using Norite gave

100 g. (56%) of nroduct melting at 119-121°.

Anal. Calcd. for C7HQN01: N, 7.90. TFound: N, 8.,00.

ﬁ-(e-Pyridyl)ethyl Y-Dlethylaminonronyl Sul fide

To a solution of 15.6 . (0.06 mole) of Y-diethylamino-
nronylisothiouronium chloride hydrochloride58 in 100 ml.
of absolute ethanol was added a solution of 10.6 (0,06 mole)
of 2-(ﬂ-chloroethyl)nyridtne hydrochloride. The mixture
was heated under reflux with stirring and treated with a
solution of 5.5 g. (0.25 . atom) of sodlum in absolute
ethanol, added in a thin gtream over a period of one hour.
Yhen the addition was comnlete the resction mixture was re-
fluxed for four hours. The solutlon was filtered, the
ethanol was removed under reduced vnressure and the residue
was8 taken un in ether and dried. The ether was removed
and the residue was distilled to give 8 g. (53%) of pro-
duct boiling at 136-1390/1 mm.

Anal. Calcd. for ¢ H N N, 11.11. Found:
_ 14 2

St
42
N, 11.37.
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ﬂ-(?—Pyridyl)ethyl ﬂ;hiet%ylaminoethyl Sulfide

To a solution of 17.29 g. (0.07 mole) of ﬁ-diethylamino-
ethylisothliouronium chloride hydrnchlorlde37 in absolute
ethanol vns added a solution of 12.3 g. (0.07 mole) of 2-
(f -crloroethyl)pyridine hydrochloride dissnlved in a
minimum of absolute ethanol. The mixture was heated under
reflux with stirring and treated with a solution of 6.4 g.
(0.26 g. atom) of sodium in absolute ethanol added in a
thin stream over a neriod of one hour. After the addition
was comnlete the reasction mixture was refluxed for six
hours. The solvent was removed and the residue was treated
with ether and water. The ether layer was senarated and
drled over anhydrous sodium sulfate. The ether was re-
moved and the vesidue was dlsti’led to give 12 g. (75%) of
nroduct boiling st 132-175°/0.5 mm.

The dihydrochloride was nrenared by adding ethereal
hydrogen chloride to an ether solution of the free hase.
Recrystallization of the product from absolute ethanol
gave very hygroscople materlal melting at 156—1580.

Anal. Caled. for CpaFoyNoClgS: N, 9.03; S. 10.32,
Yound: N, 9.28; S, 10.62 and 10.57,
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Dinhenylmethyl Mercantan

Divhenylmethyl isothiourea hydrobromide 123 (0.15
mole) wae dissolved in water and the solution was made
2lkaline with sodium hydroxide. The slkaline solution
»ag extracted with ether s»nd the ether extract was dried
over anhydroug sodlum culfate. The mercantan was dilstilled
at 120-1300/1.2 mm. in 60% yield. Staudinger;QG renorts a

boiling noint of 128-130°/1.2 mm. for this compound.

vhenylmethyl P-(2-Pyridyl)ethyl Sulfide Picrate
Dioh lmethyl (2-Pyridyl)ethyl Sulfide Pi t

Method A

A mixture of 7.08 g. (0.04 mole) of 2-(chhloro-
ethyl)nyridine hydrochloride snd 12.92 g. (0.04 mole) of

>

dinhenylmethyl 1sothiourea hyﬁrobromlﬁel was dissnlved
In 2 minimum of absolute ethanol. The mixture was heated
to reflux temperature and was treated with stirring with
a solution of 3.78 g. (0.16 g. atom) of sodium in ahsolute
ethanol. The reaction mixture was refluxed for six hours.
The solution was filtered, the solvent was removed and

the residue was taken up in ether, washed with water and

dried over anhydrous sodium sulfate. An unsuccessful

126. Staudinger and Siegwart, Ber., 49, 1920 (1916).



attemnt wne made to dlstll the nroduct so it was nurified
through the nicrate. A saturated solution of wicric acid
was added to » warm ether solution of dlnhenylmethyl/g-(R-
nyridyl)etbyl sulfide. A yield of 50% of nroduct melting
at 146-147° after one recrystallization from absolute
ethanol was obtained.

Anal. Caled. for CogHoolnpN 51 N, 10.48; 8, 5.86.
Found: N, 10.,71: 5, 6.00.

Metrod B

To a s8olution of 1.4 g. (0.06 . atom) of sodium in
50 ml. of absclute ethanol wne added a solutlon of 12 g.
(0.06 mole) of dinhenylmethyl mercsotan and the solution
wag refluxed for thirty minutes. A solution of 0.05 mole
of 2—(ﬁ-chloroethy1)nyridine in absolute ethanol wag sdded
and the resction mixture wsess refluxed for six hours. The
solution was filtered, the solvent was removed and the
residue was taken un in ether and dried. The ether solu-
tion wns converted to the nicrate by treatment with s
saturnted solution of vicric acid and a yield of 15 g. (57%)
of nroduct melting at 146-147° wes obteined. A mixed melt-
ing noint with the nicrate from method A stowed no depres-

gion.
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Diphenylmethyl f-(2-Pyridyl)ethyl
Sulfide Hydrochloride

DPiphenylmethyl f-(2-vyridyl)ethyl sulfide nicrate
(15 g.) was converted to the free base by dissolving it
in a dllute solution of ammonium hydroxide. The solution
was extrescted with ether and drled over anhydroue sodium
sulfate. Wthereal hydrogen chloride was added to the
ether solution and the hydrochloride came out as a white
solld. Recrystallization fromm absolute ethanol gasve 4.5
g. (26%) of nroduct melting at 152~155°.

Anal. Calecd. for CooHooNCLS: N, 4.10. Found: 4.10.7

2-(¥-C hloropronyl)pyridine Hydrochl oride

To a solution of 51 &. of thionyl chloride in 100 ml.
of chloroform, cooled in an 1ce-bath; wag added a solution
of 20 g. (0.17 mole) of 2-101:'0r)anolm'rid.‘Lnel?'5 in chloro-~
form. The addition was made dropwlese through a dronning
funnel. After all of the 2-pyridinepropanol had been added,
the solution was allowed to warm up to room temperature
and was refluxed for two hours. The reaction mixture was
cooled, 100 ml. of water was added and the mixture was
extracted with 6 N hydrochloric acid. The hydrochloric

acid was removed on the water pump and two 50 ml. portions

of ethanol were added and distilled. The residue



crystallized to a tan solid. TRecrvetal“ization from abso-
lute ethanol using Norite gave 10 g. (50%) of nroduct melt-
ing at 109-110°.

Anal.. Calcd. for CaﬂloNcl.Hﬂl: HC1l, 18.85.
Found: HC1l, 18.71.

P -(2-Pyridyl)ethyl p-Aminophenyl Sulfide

Mfteen grans of 2~(ﬁ—chloroethyl)nyrldine hydrochloride
wa8 converted to the free base by treatment with sodium
blearbonate. The alkaline solution was extracted =ith
ether and the ether solution wee dried snd evanoratively
d18t11led. Trie materisl was used directly for the follow-
ing orevaration since 1t is unstable on distillation.

To a solution of 1.38 g. (0.06 g. atom) of scdium
in 50 ml. of ebsclute ethanol was added a soluticn of 7.5
g. (0.06 mole) of 3¢aminothionhenol in absolute ethanol
and the mixture was refluxed for thirty minutes. Approxi-
mately 0.06 mole of 2-(ﬁ-chloroethyl)nyridine wae added
and the resctlon mixture was refluxed for five hours. The
golution was filtered and the ethanol was removed under re-
duced nressure. The residue wae taken up in ether, washed
with a 10% solution of sodium hydroxide and dried over
anhydrous eodium sulTate. The ether was removed and an

attempt was made to prenare a hydrochloride anéd a nicrate.



In both cases only oils were obtained. This material was
distllled to glve a fraction boiling at 125—1600/1 mm. and
a small amount of very viscous materlsl which came over nt
160-165°/1 mm, No so0lid derivatives could be obtained from
elther of these fractions,

The lower boiling material wes fractionated and the
following fractions were obtailned:

Frgction I 55-600/0.5 mm,

Fraction TI 110-1150/0.5 mm.

Fraction III 140°/0.5 mm.

A nicrate was made of frsotion I and after recrystal-
lization Prom absolute ethannl material melting at 156-
158° was obtalned. A mixed melting point with a plcrate
(m.n. 156-158°) obtained by Seibert127 from a nreparation
using 2-(ﬁ-chloroethyl)nyridine showed no denression.
Analyvsis of this nilcrate Indicates that 1t 1s a polymer
of vinyloyridine. Its structure was not definitely estab-
lished.

A saturated solution of nicric acld was added to a
hot slcoholic solution of fraction ITI. Recrystalllization
from ethanol gave a product melting at 142—1430. The
same vicrate was obtained from “raction III.

Anal. Caled. for CygHynO,NgS: N, 15.25. Found:

N, 15.51.

T8%, Belbert, R. A., Unpublished Studles, Iowa State
College.



ﬂ—Diethylamlnoethyl Y-Diethylaminonronyl
Sul flde Dihydrochloride
A solution of 8.8 g, (0.06 mole) of Y-dlethyl-

aminopronyl crloride in absolute ethanol was added to
0.07 mole of sodium P—diethylamlnoethyl mercantide and
the mixture was refluxed for two hours In an atmosnhere
of nitrogen. After removsl of the ethenol, the residue
was treated with ether and watef. The ether layer was
senarated, dried over anhydrous sodium sulfate and treated
with ethereal hydrogen chloride. Recrystallization of the
dlhydrochloride from absolute ethanol gave 44% of ovro-

o
duct nelting at 234-235 .

.lls
Found: N, 8.81; 8, 9.80.

Anal. Caled. for H,olNoCl

zollp01 88 N, 8.80; 8, 10.06.

ﬂ-Diethylamlnoethyl ﬁ'—(N—Piperidyl)ethyl dul fide

A solution of 11 g. (0.07 mole) of ﬁ-chloroethyl-
piperdi.nell4 in absolute ethanol was added to 0.11 mole
of sodium f-dlethylaminoethyl mercantide and the mixture
was refluxed for three bhours in an atmosnhere of nitrogen.
After removal of the ethanol the residue was treated with
ether and water. The ether layer was separated, dried
oﬁer anhydrous sodium sulfate and dlstilled to glve 17

g. (77%) of product boiling at 133-1550/1.5 mm., ; nzOD



7

1.495; d20 0.9367; MR: calcd., 75.61; found, 75.96,

The dihydrochloride, obhtalned by the addltion of
ethereal hydrogen chloride to an ether solution of the
base, melted at 235-2570 after crystallization fram
absolute ethanol.

Anal. Calecd. for C cL.5: N, 8.86, Found:

1a8z0Ne g
8.86.

p-methylammoethyl p'-(N-Momhonno)ethyl Sul fide

A solution of 13 g. (0.09 mole) of N~p—chloroethy1~
mornholine35 in absolute ethanol was added to 0.1l mole
of godium ﬁ-diethylaminoethyl mercaptide and the mixture
was8 refluxed for four hours in an atmosphere of nitrogen.
Atter removal of the ethanol, the residue was treated
with ether and @ater. The ether layer was sgennrated,
dried over anhydrous sodlum sulfate and dlstilled to glve

16 g. (729) of product bolling st 147-149°/2.5 mm.; n°Op

1.494; dgo 0.9855; MR; caled., 71.62; found, 72.66,

The dihydrochloride, obtalned by the addition of
ethereal hydrogen chloride to an ether solution of the
base, melted at 199-201°.

Anal. Caled. for Cy,H,0N,C1,8: N, 8.80. Found:

12 2

N, 8.60 and 8.70.



V—Dlethylaminohropyl ﬁ‘-(N-Mornholino)ethyl SulrTide

A solution of 10 g. (0.07 mole) of N-ﬁ—chloroethyl-
mor'nhollne35 in absnlute ethanol was added to 0.11 mole
of sodium y-diethylaminonronyl mercantide and the mixture
wag refluxed in an atmos~here of nitrogen for four hours.
After removal of the ethanol, the resldue was treated with
ether and water. The ether layer wns senarated, drlied over
anhydrous sodium sulfate and distilled to give 11 g. (60%
of product bolling at 142-145%/1 mm. n°0D 1.501; &
N0.9766; MR; caled. 76.24; found, 77.10.

The dihydrochloride, obtalned by addition of ethereal
hyérogen chloride tn an ether solution of the base, melted
st 216-217°.

Anal. Calcd. for C13H300N20128: N, 8.43. Found:

N. 8,70.

2-Benzothiazyl P-Diethylaminoethyl Sulfide
Hydrochloride
To 2 solution of sodium ethoxide prepared from 0.1
g. atom of sodium in 50 ml. of absolute ethanol was added
16.7 g. (0.1 mole) of 2-mercantobenzothiazole. After
refluxing for thirty minutes there wans added to the sodium

mercantide 13.5 g. (0.1 mole) of ﬁLdtethylaminoethyl



chloride and the resction mixture was refluxed for three
houre in an atmosnhere of nitrogen. The solution was
filtered, the ethanol was removed.ﬁnder reduced nressure
and the residue was treated with a 20% solution of sodium
hydroxide. The alkaline solution was extracted with ether
and driled over anhydrous sodium sulfate. Eithereal hydro-
pgen chloride was added to the ether solution and a light
vellow solid onrecinitated out. After several recryvstal-
lizations from absolute ethanol a yield of 116 g. (50%)
of nure nroduct melting at 183-1840 wag obtalned.

Anal. Caled. for C,.H gNo016 ¢ N, 9.27; S, 21.19.

Found: N, 9.42; 8, 20.94 and 21.30.

Dinhenylmethyl n-Aminovnhenyl Bul flde Hydrochloride

To a solution of 1.38 g. (0.06 g. atom) of sodium in
absolute ethanol was added 7.50 g. (0.06 mole) of n-
aminothionhennl and the mixture was refluxed with stir-
ring for twenty minutes. A solution of 14.8 g. (0.06
mole) of benzohydryl 1'Jr'<c>mldelg3 in 20 ml. of absolute
ethanol was added slowmly throusgh a drovning funnel to
the stirred solution snd the reaction mixture was refluxed
for five hours. The solution was filtered and the snlvent
was removed. The residue was dissolved im ether and the
ether solution was washed with water and dried. Hthereal

hydrogen chloride was added to the ether solution and the



hydrochloride sevarated out as a white so0lid. Recrystal-
lization from absolute ethanol gave 50% of nroduct melt-
ing at 229-230°.

Anal. Caled. for 019
Found: N, 4.38; C€Cl. 10.59.

H18N01S: N, 4.28; (€1, 10.70.

\Y-(2-P1neridyl)prony1 p-Aminonhenyl Sulfide
Dihydrochloride

128
S8ix zrams of Y-chloropronyloiperidine hydrochloride

wag converted to the free base by treatment with sodium
bicarbonate. The alkaline solution was extracted with
ether and the ether solution was dried and evaroratively
Gistilled. This material was used directly for the
rollowing premaration since it 18 unstable on distilletlon.
To & solution of sodium ethoxice, vrepared from 0,7
g. (0.03 g. atom) of sodium in 50 ml. of absolute ethanol,
was added 5 g. (0.03 mole) of p-aminothlophenol in abso-
lute ethanol. The mixture was refluxed for thirty minutes.
Approximately 0.03 mole of Y-chloropropyloiperidine in 25
ml.. of absolute ethanol was added slowly and with stirring
to the sodium mercaptide. The reaction mixture ws8 re-
fluxed for ten hours, The solution was flltered and the

ethanol was removed under reduced nressure. The resldue

128. Kindly furnished by F. J. Marshall.
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was taken un in ether and washed vith a 10% sodium hydroxide
solution. The ether solution was dried over anhydrous
sodium sulTate. The dihydrochloride was nrecinitated by

the addition of ethereal hydrogen chloride. Recrystalliza-
tion from absolute ethanol gave material melting at 228-2300.

Anal. Calecd. for 014H23N2012S: N, 8.72. Found:
N, 8.70.

2-Quinolyl 2'-Dyridyl Sulride (attemnted)

Snodilum ethoxide was nrepared using 2.3 g. (0.1 2. atom)
of sodium in 50 ml., of absolute ethanol. To this wae added
16.1 g. (0.1 mole) of 2-thiolauinoline and the mixture was
reflurxed for thirty minutes. Then 15.8 g. (0.1 mole) of
2-bromoovyridine was added and the resction mixture wss re-
fluxed for sixteen hours. The solution was filtered and
the ethanol was removed under reduced vresesure. The residue
was tsken up in ether and washed with sodium hydroxide so-
lution. The ether solution was concentrated and set aside,
After several days a solid settled out which uvnon recrystal-
lization from chloroform melted at 145-1460. Sul fur
analyses on this comnound indicated that it was 2,2'-di-
gquinolyl disulfide so an authentic samnle was prenared by
the method of Roos43 uelngIB.OS g. (0.05 mole) of sodium

2-thiolquinoline mercantide and 0.025 mole of lodine.
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Materinl (63%) melting at 143-145° after one reerystalliza-
tion from chloroform wae obtalned. A mixed melting noint
with the moterlal from above showed no denressicn.

Anal. OGaled. for H N8, : 8, 20.00. Tound:

®1gt1aV 5%
8, 19.70 and 19.70.

Bis-(ﬁtdiethylaminoethyl) Disulfide Dihyadrochloride

This dlsulfide was obtained in a 25% yleld by adding
32.78 g. (0.03 mole) of iodine 1in ethanol to the sodium
mercantide solution nrevared in sbsolute ethanol from 8 p.
(0.06 mole) of /ﬁ-dlethylaminoethyl mercantan and 0.06 g.
atom of sodium. The sulfide, which distilled over at 155~
160°/20 mm. wes c~nverted to the dlhydrochloride by adding
ethereal hydrogen chloride to an ether solution of the
base. Recrystsllization from absolute ethanol gave a
product melting at 216-217°.

The alhydrobromide of bis-(ﬂ.diethylaminoethyi) d1sul-
fide, prenared from the free base and hydrogen bromide in
an ether solution melted at 222-223°,

Anal. Caled. for CyoH,gNoCloSo: N, 8.33; C1, 20.83.
Found &, 8.06; Cl, 20.80 and 20.80.

Dls-(4-methyl-2-aquinolyl) disulfide

To s solution of 0.1 mole of sodlum ethoxlde nrenared



Ifrom 0.1 g« atom of sodium in 60 ml., of absolute ethanol
was added a solubtlon of 10. g. (0.1 mole) of 4-methyl-2-
thiolquinoline in a mixture of equal parts of methyl cel-
logolve and ethylenec plycol and the mixture was reflluxed
for thirty minutes. A solutlon of 6.9 g. (0.1 mole) of
lodine in absolute ethanol was added dropwise to the stirred
and refluxed solution and, after the addition was coiplete,
the reactlon mixture was refluxed for two hours. The solu-
tion was filtered and nost of tho solvent was removed. The
residue was extracted with ether and upon standing a solid
product separated out. Reerystallization from absolute
ethanol gave 8 g. (56¢7) of product melting at 175-176°.

Anal, Calcd. Tor 020H16H282: S, 18.39. Found:
3. 18.18.

This disulfide has been prepared by Rosenhauer42from
2-thlolquinoline and hydrogen peroxide. He reports a melt-

ing point of 1670.

Triphenyl(p-dimethylaminophenyl)silane

Approximately 0.15 molo of triphenylchlorosilane was
prepared by adding 0.45 m:ole of phnenyllithium to 0,15 molc
of Iroshly distilled silicon tetrachloride. The reaction
was carrled out in an atmosphere of nitrogen, the addition

of the phenyllithium being made at a rate so as to maintain



gontle reflux. To the triphenylchlorosilane was added
slowly and with stirring p-dimethylaminophenyllithium,
Aftcr the addition of 0.1 mole of p-dimethylaminophenyl-
lithiwa the reaction milxture ;:ave a positive color test
.. L29 . ) . X i
Hle The reaction mixture was hydrolyzed and the ether
loyer was separated and dried over anhydrous sodium sul-
fate. Host of the obther wasg removed and golid product
(46:7) separated out frowm the ether solution. Recrystal-
lization from Skelly U several time s gave materlal melting
at 144-1460. ¥Four prans (103) of tetraphenylsilanc (me.pe.
TALD

o
235-235 ) was also obtained in this reaction.

Anal, Caled. for C,.H,.N81: N, 3.69; Si, 7.38.
o

625

'ovnd: N, 3.79;°5S1, 7.4G6,.

Triphenyl(p-dimethylaminophenyl)silane
Hydrochloride
Lithoreal hydrogen chloride was added to an ether
solution of triphenyl(p-dimethylaminophenyl)silene. The
white hydf%chloride, after recrystallization from absolute
o
ethanol, molted at 227-228 .
" Anal. Caled. for CBGH26H0131: N, 3.97. Iound:
e 2.00.

1250 Gilman and Schulze, J. Am. Chem. Soc., 47, 2002
(1e25).



0o

Diphenyl[ﬁi(R-dimothylamino)phenyl}@ilane

Anproximately 0,03 nole of diphenyldlethoxysilane was
propared by adding 0,00 mole of phenylllithiwa to 0,03 mole
of ethyl sillicate in anhydrous ether. The reaction was
carried out in an atmosphere of nitrogen, the addition of
the phenyllithium being made at such a rate as to maintain
gentle roflux. 7To the diphenyldiethoxygilane was added
slowly and with stirring 0,06 mole of p-dimetiylominophenyl-
lithium. When the addition was complete the reaction mixture
isave a poslitive color test ,{“1.129 The reactlon mixture was
hydrolyzed and the ether layer was separated and dried. iost
of the ether was romoved and upon standing a white solid
came dovn. Recrystalllzation from an ethanol-Skelly B mix-
ture gave 4.7 g. (403) of product melting at 180-1810.

Anal. Calcd. for CopHzolgSi: N, G.63; 51 G.G64 [Found:
N, G.90; Si, G.1l0.

Tetra(p~dimethylaminophenyl)silane

To 3.3 ml. (0,03 mole) of freshly distilled sillicon
tetrachloride in 200 ml. of amhydrous ether was added with
stirring approximately 0.16 mole of p-dimethylmuinophenyle-
lithium, the addition being made under nitrogen and at such
a rate as to maintain gentle reflux. Alter the addition was

corplete tho reaction mixture gave a positive color test



129
#Lle The reaction mixture was hydrolyzed and the ether

layor wag separated and dricd over anhydrous sodlum sulfato.
llogt of the ether wag removed and the resldue was get in
the ilco-box. Solid product separated out overnipnt. Le-
erystallization from benzene and Skelly 1 ;;ave a yield of
4 go (417) of product nelting ab 254-2550.

Anel, Calcd. for Cd H, W,si: N, 11.02; Si, 5.51.

FPound: W, 1l.20; Si, S.44,

Tri(p-dinetiylaminophenyl)phenylsilane

Avproximately 0,05 mole of tri(p-dimethylaminophenyl)-
ethoxysilane was prepared by adding 0,096 mole of p-dimothyl-
aninophenyllithium to 0.0Z2 mole of ethyl silicate in 50 ml.
ol ether., The addition was made under nitrogen and at o
rate so as to maintain gentle reflux. The mixture was re-

fluxed for thilirty minutes and at the end of thig time the
2

=~

reactlon mixture gave a negative color test #1.1 To the
tri(p-dimetinylaminophenyl)ethoxysllane was added 0,032 mole
of phenyllithium slowly and with stirring. Aftcer an addi-
tilonal mllliliter of phenyllithium was added the reaction
nixture gave & posliive color test #‘1.129 The reaction mix-
ture was refluxed for one hour and hydrolyzed. The ether
layer was separated and dried over anhydrous sodium sulfate.
Host of the ethor wasg removed md after the addltion of =&

small amount of Skelly B an oil separated out whlch upon
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working crystalllzed. Recrystallization from absolute
ethanol pave 2.4 pg. (177) of product melting at 171-172°
Anal. Caled. for Ogpllsglz51: M, 9.05; 81 6.02.

Found: N, 9.30; Si, G.29.

Triphenyl(2-thienyl)asilane

This compound was prepared according to the directions
of Benkeser.lso To 41.6 . (0.2 mole) of ethyl sillcate was
gdded a solution of 0.0 mole of vhenyllithiuwm. The re-
action wag carried out in an atmosphcre of nitrogen. Vhen
the reaction was complete 2-thlenyllithium was added until
e reaction nlxture gave a positive color test ;-’/2!..129 The
réaction mizture was hydrolyzed and the solid product was
Tiltored to pive a crude yleld of 66 ge. (99.). After throe
recrystallizations from dloxane 45.5 g. (687)) of product
softening ab 190° and melting at 195-197° was obtained.

The 2-thienyllithium was prepared from 35 g. (a slight
excess of 0.4 mole) of dry thiophene and 0.4 mole of n-

131
butyllithium,

150 Benkeser, R. A., Unpubllished Studies, Iowa 3tabe
Collegre.

131. The titer of the n-butyllithium solution was detor-
mined by the procedure of ¢iluan and Haubein, J. Am.
Chente S0Ce, 66, 1615 (1944).



Triphenyl /2-(5-11ithio)thienyl/silane

To a solutlon of 5.5 g. (0.018 mole) of triphenyl(2-
thienyl)silane in o mixbture of equal parts of benzene ond
anhydrous ethor and in an atmosphere of nitrogen was added
0.016 mole of E-butylllthiumlﬁl and the reaction mixture was
refluxzod for five hours. Tho reaction mixture gave a nega-

132 .
tive color test #2 and was used on the basis of an 80%

yield,

Triphonyl/5-(2'~-quinolyl)-2-thienyl/sllene

To approximately 0,012 mole of triphenyl 2-(5-lithlo)-

thienyl silane was added 1.5

e (0,012 nole ) of freshly dis-
tilled quinoline which had previously been dried over potas-
gium hydrvoxide and dlstilled, the addition being made under
nitrogen. A very slow reflux sot in as the addition waes
made and the rcaction mixture changed from red to derk yel-
low. The roaction nilxture was rofluxed for one hour and was
hydrolyzed. The ether layer was separated and the ethier was
removed, to glve 5 g. (G89%) of crude product. Upon recrystal-
lization from dilute dioxanc the material melted at 168~1700.
Anal. Calcd. for CoqllgzN8di: N, 2.98; S, 6.82.
Tound: ¥, 2.86; 3, G.6l,.

132, Gilman end Swiss, J. Am. Chem. Soc., G2, 1847 (1940),
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This reaction was rescabted using 0.028 mole of quino-
line. Afler the removal of the ether the solid material
vind.ch reaained was diggolved in dloxane and was treaftied with
g kot alcoholic solution of nicric acids The solubion be-
came rod and on cooling a red picrate came down. 'Thig
picrate was boiled with a & solutlon of sodium hydroxide
and 10 g. (7973) of crude wroduct was filtered off. Recry-
stallization from dilute dioxane gave 5.5 g. (40)) of pure
materinl wmelting at 168-170°.

All attempts to purify the plcrate resulted in decom-
position of the picrate to triphenyl[g—(z'-quinolyl)—z-

thienyl/silane,

Triphenyl[?—(s'-metroxy-B';quinolyl)—E-
thionyl/sllane™
To approximately 0,024 mole of triphenyl[§~(5-lithio)—
thienyl/silane was added 3.9 gs (0.024 mole) of freshly dis-
tilled G-mothoxyqulinoline. The reaction mixbture was refluxed

3%
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for onoe hour in an atmosvhere of nitrogen and at the end of
. . 4 A > - ]’ 129 "

this time it gave a negative color test ;1. The reaction

mixture was hyuroxyzed and tho ether layer was soeparated.

The other was romoved and upon stonding the residue crystal-

lized. Recrystalilization several times frou & bongene-

Skelly B mixture gove 4.5 g.o (410) oif product melting ot

(6]
2R7-220 .

Anal. Calced. for CQPHQSON*)i 7, 2.80. Yound:
—————— v ko
I‘r, 3‘. 14.
Triphenyl ZL (41 ,71-dichloro-2t-quinolyl)~
2-thiony17silane™

To approxlmately 0,024 mole of triphenyl/2-{5-1lithio)-
thlon3i7silano, cooled %o 0° and in en atmosvhers of nitro-
gen, was added a solution of 4.7 g. (0.024 mo0lo) of 4,7-
dichloroquinoline in ether. The addition was made over g
period of four mimutes. The reaction nlzture was refluxed

for an addltional four ninmutes and was hydrolyzed. 'The

s
e

ol

e

5—-Si--usj-—--~§I ', CL



ethor leyer was separated and the ether was removed. The
residue was dlssolved In dioxane and treated with a hot
alcohollc solution of picric aclid. The solutlon becameo
red anda yellow picrate settled out. This crude plcrate
(aep. L73-178°%) was treated with & 5% sodium hydroxide
solution and 9 g. (703%) of product which melted at 196-200°
was filtered off. Recrystallizatlon from dilute dloxane
cave 4 e of product melting at 200-2050.

Anal. Calcd. for CgzyHp NOLySSi: 8, 5.85; ¢l, 13.03.
Tound: S, 6.26; Cl, 13.30.

Trimethyl(p~lithiophenyl)silane

Tnis compound was prepared according to the directions

of Clark."°° To 0,02 z. (0.04 5. atom) of lithiwa in 30
mle of anhydrous ether and in an atmosphoere of nitrogen was
added 4.58 g. (0.02 mole) of trimethyl(p-bromophenyl)silane
in 50 ml, oif ether. A spontaneous reactlon occurred and

the reactlon mixture became red. After refluxing for éno
hour the reaction mixture gave a positive color test #1129
and was used after Ifiltering under nitrogen in the attempted
preparation of trimethyl p-(2-quinolyl)phenylsilane on the
basis of 607 as indicated by titration.

133, %I&rks Re, Doctoral Dissertation, Iowa State College,
1946).



Trimethyléﬁ-(2-quinoly1)pheny17silane (Attenpted)

To 0,012 mole of trimethyl(Q-lithiophenyl)silane in
ether and in an atmosphere of nitrogen was added 1.8 g.
(0,014 wole) of freshly dried and distilled quinoline in
ethor and the reaétion mixture was refluxed for three
hours. After hydrolysis the ether solution was geparated
and dried. The ether was removed and the rosidue was
treateod with a hot alcoholic solution of pileric acid. The
picrate which fomiaed alter seoveral recrystallizations fron
othanol melted atb 200-2020. A mixed melting point with an
authentic specimen of quinoline p icrate showed no depres-

gsione The quinoline picrate was obtained in 757 yield.

Triphenyl(phenylethynyl)silanc

To 0.07 mole of triphenyl(ethoxy)silane prepared from
021 mole of Iroshly distilled ethyl silicate was added
slowly and with stirring approximately 0,07 mole of phenyl-
ethynyllithlum. The reesction was carried out in an atmos-
vhere of nltrogen and gentle reflux set Iin as the reaction
proceeded. After stirring for two hours, the reaction mix-
ture was hydrolyzed, the ether layer was sepsrated and dried
over annydrous sodium sulfate. MNost of the ether was removed
and the residue was set in the lce-box. A solid settled out

overnight. Recrystallization from a Skelly B-ethanol



mixture gave 10.0 g. (609) of crystalline product melting
o)
at 95-95 .

Anal. Calcd. for CogHonpSi: Si, 7.77. Tound: Si,
The phonylethynyllithiwm was prepared according to

the directlons of Gilman and Younng4 using 10 g. (0.1

mole) of phenylacetylene and 0.1 mole of phenyllithium.

IZ4, ¢ilman and Youn;, J. Org. Chem. 1, 315 (1926).



Reaction of p-Dimethylsminophenyllithium with
S8ilicon Tetrachloride

To 0.04 mole of freshly dlstilled silicon tetra-
chloride in 75 ml. of anhydrous ether was added 0,12
mole of p-dimethylaminorhenyllithlum, the addition being
made under nitrogen and at such a rate as to maintain
gentle reflux. After the addltion was comnlete the re-
actlon mixture was stirred for one and one-half hours
and was hydrolvzed. The ether layer was washed with
dilute ammonla and drlied over anhydrous sodium sulfate.
The ether was removed and the resldve was crystallized
from benzene and Skelly D to glve 4 g. of crude material
softening at 120° and melting at 169°. Purther reorystal-
1lzation gave a very small amount of material melting at
173-174° which snalyzed for Ai(p-dimethylaminovnhenyl)-
silanedlol.

Anal. Calcd. for 016H22N20281: N, 9.27; 81, 9.27.
Found: N, 9.43; 381, 9.10.

In another resction the ssme quantities »f n-dimethyl-
aminophenylllthium and silicon tetrachloride were used
but the reaction mixture was kept at s temperature of Oo.
Only a very small amount of materisl melting at 173-174°
was isolated. A mixed melting point with the material
from the first reactionAmelted at 173—1740. A mixed
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melting nwoint with tri(p-dimethylaminonhenyl)silanol (m.p.
184-185°) melted at 160-165".

Reactlion of p-Dimethylaminophenyllithium
with Ethyl Silicate '

To 0.04 mole of ethyl silicate in 75 ml. of anhydrous
ether was added 0.12 mole of p-dimethylaminophenyllithium,
the addition being made slowly under nitrogen. When color
test #1 was negative the mixture was hydrolyzed and the
ether was separated and dried. Most of the ether was re~
moved and upon standing for several days solid produect
sevarated out. Reerystallization from ethanol-benzene gave
2 g. of materlal melting at 125—1260. This materlal was
later 1dentified as tri(p-dimethylaminonhenyl)ethoxysilane.

T (p-dimethylaminonhenyl)ethoxyeilane was prevared by
adding to 14.3 g. (0.069 mole) of ethyl silicate in 50 ml.
of anhydorus ether 0.208 mole of p-dimethylaminonhenyl-
lithium. The addition wans made in an atmosvhere of nltrogen
and the resction mixture was stirred for thirty-six hours.
The ether was filtered from the salt which had formed and
upon standing solld material senarated out. Recrystal-
11zation from ethanol-benzene gave 3,5 g. (12%) of pure
product melting at 125-1260. A mixed melting vnoint with
the 125-126o material from the attempted prenaration above

showed no depression.
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Anagl. Calcd. for C26H31N3081: N, 9.79; 81, 6.52.
Found: N, 9.44; 81, 6.33, 6.33,

Dl(Q-Dimethylaminophenyl)diethoxyailanelgs

To 13.3 g. (0.064 mole) of ethyl silicate in 50 ml.
of anhydrous éther and in an inert atmosnhere was added
glowly and with stirring 0.128 mole of p-dimethylamino-
phenyllithium. When the addition was comnlete a satis-
factory negative color test #1129 covld not be obtained
. due to the color of the reaction mixture; consequently,
the mixture was stirred overnight. The ether was filtered
from the salt which had formed, the ether was removed and
the residue was distilled to give a main fraction of 7.5 g.
(33%) of material bolling st 223-230°/1 mm., n=°D 1.571.

Bmart reports a refractive index of n25D 1.571.

Reaction of p-Dimethylaminophenvllithium
with Silicochloroform

7 “

To 10 g. (0.078 mole) of silicochloroform in 50 ml.
of anhydrous ether and in an atmosnhere of nitrogen was

added 0.234 mole of p-dimethylaminorhenyllithium. The

135. Prepared according to the method of Smart, G. N.
Russell, Unpublished Studies, Iowa State College.

1%. The silicochloroform was kindly furnished by Profes-
sor . C. Schumb, Massachusetts Institute of
Technology.



reaction flask was kept in an ice-salt bath and the reaction
mixture was not allowed to reflux. When the addition of the
organolithium comppund wae complete, color test #1129 gave

a blue color so the reaction mixture was stirred overnight.
After hydrolysis with two eauivalents of smmonia, insoluble
material melting at 153-157° eenarated out. Additional
material melting at 153-157° was obtalned by concentration
of the ether layer. Recrystallization from ethanol-

benzene gave 5 g. of material melting at 155—1570. A test
with methylmagnesium 1odide gave no indlocation of the
presence of active hydrogen; a test for the Si-H linkage
with piperidine and votassium hydroxide was negative.137
This material is belleved to be hexa(p-dimethylaminovhenyl)-
disiloxane. It was obtained in another reaction with
silicochloroform when an attemnt was made to prenare tri-
(p-dimethyleminovhenyl) silane (preparation given below).

To 0.062 mole of silicochloroform in anhydrous etler
and cooled %o Oowas added 0.186 mole of p-dimethylamino-
phenyllithium, the addition being made dropwise and in an
atmosnhere of nitrogen. The reaction mixture was stirred

overnight, the ether was filtered from the salt which had

formed and most of the ether was removed. Solid material

137. Kinving snd S8ands, J. Chem. Soc., 119, 848 (1921).
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separated out of the ether and, after reorystsllization
from ethanol-benzene, melted at 155-157 . This material
analyzed for hexa(p-dimethylsminornhenyl)disliloxane.

It gave a negative test for active hydrogen and a negative
test for the presence of the S1-H bond with piperidine and
notassium hydroxide. 137 A mixed melting voint with the
155-157° material from the nreparation above showed no
depression.

Anal. Caled. for CaaHgoNg0SL ¢ N, 10.60; 81, 7.07.
Found: N, 10.56; 81, 6.92.

In another nreneration using the same quantities of
g8ilicochloroform and p-dimethyleminonhenyllithium the re-
action mixture was treated with 0.1 N hydrochloric acid
before filtration. Two grams of product melting at 154-
157° wes obtained. A mixed melting point with the other

155-157o material was not denressed.
Hydrolysis of Tri(p-dimethylaminonphenyl)ethoxysilane

Seven grams (0.016 mole) of tri(p-dimethylaminonhenyl)-
ethoxysilane was dissolved in two equivalents of hyédrochloric
acid. When sclution was complete 0.2 N sodium hydroxide
wag added until precipitation wes comnlete. The precinitate
was washed with dilute acetic acid and recrystalllized from
sbsolute ethanol to give 5.7 g. (80%) of vroduct melting
at 184—1850. A Zerewitinoff determination showed the
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presence of one active hydrogen. A samnle of 0.1593 g,
gave 10.7 ml. of methane at 737.5 mm. and 34° and a sample

of 0.2199 g. gave 11.9 ml, of methane at 737.5 mm, and

24°,

Anal. Caled. for 024H31N30812 N, 10.37; 81, 6,91;
active H, 1. Found: N, 10,.48; 81, 6.73; active H, 1.2,
0.9,
Hydrolysis of Di(p-dimethyleminophenyl)-
dlethoxysilane

Two graems (0.005 mole) of di(p-dimethylaminonhenyl)-
dlethoxysilane was dlssolved in s generous excess of 0,1
N hydrochloric acid at room tempersture and sodium hy-
droxide was lmmediately added to precipitate the diol.
The white vrecinitate was washed with dilute acetic acid
and was recrystallized from benzene to give 1 g. (63%)
of product melting at 172-173°., A mixed melting point
vith the 173-174° material from the reaction of p-dimethyl-
aminophenyllithium with sillcon tetrachloride was not de-
pressed. A test with methylmsgnesium lodide showed the
presence of active hydrogen.

The results of the reactions involving p-dimethyl-
aminophenyllithium and silicon tetrachloride, ethyl sili-
cate and sililcochloroform and the products which are bea-

lieved to be obtained in each case, are summarized in
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in Table I.

Hexa&grdimethylaminonhenyl)dlsiloxaﬁe (Attempted)

To 2 g. (0.0049 mole) of tri(p-dimethyleminophenyl)-
g8llanol was added 5 parts by weilpght of formic scld and the
resotion mixture was refluxed for four hours. The pglass-
like substance which formed was filtered and upon thorough
drying there was obtnined a blue ineoluble material which
decomposed when heated above 200O leaving a resldue. This
Insoluble material wag extracted with benzene, netroleum
ather and ethanol, and in each case the 8nlvents were
distilled leaving no residue.

The reaction was reneated using glaclasl acetic acid.
As soon as the reaction mixture was hested & glass-like
substance formed which behaved in s manner similar to the
material from the flrst vreparation. No product could be
extracted from the intractable material.

A third reactinn wae run using absolute methanol and
hydrochloric acld as the resction medium. After refluxing
the mixture for four hours, the solvent was rempoved and an
01l remained which could not be made to crystsallize. No
attempt was made to dletil the oil since it was obtalned
in such a emell quantity that dlstillation did not seem
feasible.,
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Table I

Resction of p-Dimethylaminophenyllithium with Silicon-tetrachloride,
Tthyl Silicate and Silicochloroform

Reactant Txperimental Hydrolysis Product

Conditions Medium
51C1, Room temp., water [(Me) ;NC HJS1(0U) 5 (2) T
1 1/2 hrs. '
SiCl, 0°; 1 1/2 hrs.  water [1e) sNC,H Jo 51 (OH) 4 (2) I
S1(0C.Hs)e Room temp., water [[Me) sNC 1 J5510CHs IT
2 hrs.
Si(0C4Hg)s Room temp., - [(1e) aNC 41 J510C4 I IT
36 hrs.
HSiC1, 0°, overnight NH (OH [(e) aNCoH 55101 ¢HoN(Me) Js (?) IIT
HS1C1, 0°, overnizht - [(11e) aNC 41 J5510S1E s HaN(Nie) s (?) TIT
Si(0C4Hg), Room temp., - [(1e) aNC4HJaS1(0C;Hg ) o IV
overnight
IIb Room temp. NaOH ﬁMe)gNC,HJSOH(?)V
b
v ‘ Room temp. NaOH [(Me) aNCsH Ja (0H) 4 (2) I

ab.p. at 1 mm.
bHydrolysis only

®hctive hydrogen caled.: 1. Tound: 0.9, 1l.2.






*ide,

MéP. Analyses
C Formula Calgd. Found
90 133

N Si N si
173-4 01°H,9Ng0831 9.27 9.27 9.43 9.10

173=-4 - - - - -
125-6 CaeHzyN30S1 9.79 6.52 9.44 6.33
6.33
s)J,(?)III 1557 Co HaoNg0Sie 10.60 7.07 10.56 6.92

8)gs (?) III 155~7 - - - - -

293-30" - - - - -

c

1845 Cg Hz N3OSi 10,37 6.11 10.48 6.73

173=4
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Iv. DISCUS3ION
A. Cuinoline sSvlfides

The quinoline ethers, especidlly the S-methoxy do-
rlvatives, have proved to he very geod antimalarial agents.
Three of the most effective &utimaluriais, plagmoquin,
guinine and atebrin, are G-methoxygquinoline derivatives.
The ether-linkage has beon shown to have gome additional
value es a therapeutic agent. The bacterlcidal action of

aromatic phenols agalinst B, typhosus and staph. aureus has

been found to increaseo when the oxygen atom is roplaced
i

by sulfur, o8 The ether-linkuge was found to have sone
value in anti-tuberculous studies. 189,124 The presence
of ﬁho tertiary amino group in many efTective therapeutic
agenis together withh the considerabions just mentioned,

made it seem desirable to prepare and examlne a series

of quinoline sulfides having tertiary alkylaminoalkyl

138, (&) Hilbert and Johnson, J. Am. Chem. Soc., 51,
1626 (1929); (b) Dunning, Dunning and bDrake, 1bid.,
53, 3455 (1922); (c) Klormann, Gates and Shternov,
Ibid., 54, 1204 (1922); (d) Suter and Mansen, ibid.,
B4, 4100 (1e22). ]

—

139. Ireedlander, Au. Rev. Tuberec., 49, 513 (1944),



103

groupings in their molecules,

A series of tertiary alkylaminoallyl quinoline sul-
fides was prepared. The two lmportant factors consldored
in this sories of compounds were the side chain and the
quinoline nucleus. The logleal approach seemed to ve
that of varying: (1) the length of the btertiary alkyl-
ariinoalkyl slde chaini (2) the amlno group in the side
chéin; and (3) the substituents on the quinoline nucleus.

Four alkylamino side bhnins were used in thils first
group of comﬁounds: P~diethy1aminoethyl—, Y~dlethylanino-
pPronyle, ﬂ-&NApiperidyl)ethyl- and ﬁ-(N~morpholino)ethyl—.
Tho Lirst two alde chains were usually introduced LY moans
of the sodlium mercaptide and an actlve chloroqulnoline
compound. The last two were usually Introduced Ly meansg
of an alkylaminoalkylchloro-conpound and the quinoline
sodiwn mercaptide.

Various methods for the preparation'gf the mercaptans
used 1ln these condensations were tried. '3 ~Diethylamino-
ethyl mercaptan was prepared In three different ways: (l)55
by the reaction of lithium dlethylamide and ethylene sul-
fide 1n 48% yilelds (2)36 by the reactlon of sodium hydro-
sulflde and .ﬂ~diethylaminoethyl chloride in ylelds vary-
ing from 25-75%; and (5)"57 by the formation of ,J-diethyl-

aminoethyllsothliouronium chloride hydrochloride from
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thiourca and P-diethylmninoethyl chloride hydrochloride
wvith subsequent deconmposition of the complex with sodium
hydroxide in 60¥ yield. Of the three methods the last men-
tioned seems to be preferable for several reasons: (1)

the yilelds are highor and can be obtained consistently;

() thero 1s some difficulty in determining the point of
saturation of thie sodium sulfide used in method (2); and
(3) the isothlouronium coiplex is useful as such in the
preparation of sulfides and avolds the necessity of isolat-
ing the mercaptan.

}-Dieﬁhylaminopropyl mercaptan.was prepared from
Y-diethylaminopropyl chloride and sodium hydrosulfide56 and
from Y=-dlethylaminopropyl chloride and thiourea with sub-
sequent decomposition of the isothiouronium complex with
godium hydroxide. For the preparation of this compound
the lsothiouronium salt synthesls appears to be the best
method. The product obtalned by this method is purer, since
In the sodium hydrosulfide method some difficulty is en-
countered 1n separating the mercaptan from any unreacted
starting chloride (bolling point of mercaptan 76-77.5°/26
rme; boiling point of chloride 73-75°/20 mme)e The Y-iso-
thiouronium complex 1s also useful in synthesis. If a
baslc extraction is used to separate the mercaptan from the

chloride a much lower yield 1s obtained. The low yield iIn.



105

this last instance nijht be accounted for to some extont
by the fact that mercaptans are somowhat unstable in basic
media forming disulfides.

The second proup of tertiary alkylanilnoalkyl quino-
line sulfides Included 4-methylquinoline derivatives. The
apparont activity of thoe lepidines, such ag G6-methoxy-&-
(4~isopropylamino-l-nethylbubtylanino)-lepldine, inlticted
the preparation of these compounds. Two compounds in this
group wore pronared by condensing the sodium salt of 2-
mercapto-4-mothylquinoline with the alkylaminoalkyl chlorilde.
The quinoline mercaptan proved to be only slightly soluble
in ethanol and 1t was found most satisfactory to carry out
the condensation in a mizture of equol parts of methyl
cellosolve and ethylene glycol. 4-licthyl-2-guinolyl
5-(N~morpholino)ethy1 sulflde and 4-methyl-2~quinolyl
ﬁ-(N—piperidyl)ethyl sulllde were isolated asg the free bases
which proved to be sollds melting ot 75—760 and 85—85.50,
regspoctivoly,. |

& group of Ge-methoxyquinoline sulfides was preparsed,
the side chain being introduced into both the 2~position
and the 4-position in the quinoline nucleus. 6-iethoxy-
2-quinolyl ﬂ-diethylaminoethyl sulfide wos prepared in two
dlfferent ways. In the flrst preparation 2-chloro-G6-

methoxyquinoline wag condensed with sodium ﬁ-diethylamino~
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ethyl mercantide; 1in the second nrenaration the sodium
881t of 2-mercanto-6-methoxyquinoline was condensed vith
ﬁ-diethylaminoethyl chnloride. There w28 no apvreciasble
difference in the yleld (33% and 30%) or the purity of the
product obtained in the two cases.

In the vrenarstion of the 6-methoxyquinoline sulfide
some dlfflculties were encountered which proved to be
rather interesting and significant. In the early prepara-
tins 1t wae found that the ssme compound was obtained in
the reaction hetween sod.lumﬁ—diethylaminoethyl mercantide
and 2-chloro-6-methoxyquinoline and sodium F-diethylamino-
ethyl mercaptide and 4-chloro-6-methoxygquinoline. Both
nitreogen and chlorine analyses were made on these products
but 1t was impossible to identify the comnound on the
basis of these analyses slone. Consequently, absorption
spectra data14o were obtained on the compound and the
curves nrepared from these data indicated that the quino-
line nucleus was not present in the mdlecule. Then, car-
bon, hydrogen14o and sulfur analyses were run and with
these addltional data the compound anpeasred to be bis-(ﬁ -
dlethylaminoethyl) dsulfide dihydrochloride. An authentic
specimen of bis-(f -dlethylaminoethyl) disulfide dihydro-

140. Absorption svectra dsta and carbon-hydrogen analyses
were kindly furnished by Parke, Davig znd Company.
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chloride was nrensred and a mixed melting noint established
the identity of the two compounds.
Bie—(p—dlethylqminoethyl)¢ﬁsu1flde dihydrochloride
was obtalned earlier by Cook and.Krekel41 incidentsl to an
attemnt to nrepare the mercaptsn from the reaction of
P-diethylaminoethylbromide hydrobromids with sodium sul-
tide and hydrogen sulfide. The dlsulfide was also obtalned
in one preparation of ﬁ~diethylam1noethyl mercaptan upon
prolonged exposure of the meroaptan to the air in the
presence of sodium hydroxide.zs The disulfide was ob-
teined in snother resction when the sodium 8a3lt of -dlethyl-

26
aminoethyl mercaptan was treated with lodine. It has

glso been made from ethylene sulfide and diethylamine.35
The dihydrobromide of the disulfide had been nreviously
obtained by Lischer and Jordan142 Ain an attempt to prenare
the mercaptan fromF ~-dlethylamincethylbromide hydrobromide
and sodium hydrosulfide in ethanolic solution. 1In the
work of thils thesis conversion of the hydrochloride to
the free smine and subsequent treatment of the free amine
with hydrogen bromide gave s white hydrobromide melting at
220-223°, The remopted melting point is 223° . %%

The most probable exnlanation for the formation of

T4T. Gook and Kreke, J. Am. Chem. Boc., 61, 2971 (1939).

142, Lischer snd Jordan, 1bid., 58, 1523 (1937).
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bla-ﬁL(diethylaminoethyl) disulfide in these reactlons
seems to be oxidation of the mercantan in bolling ethanolic
golution containing sodium ethoxide by atmosnheric oxy-

gen to the disulfide. As a result of this conclusion all
other condensstions wilth mercantans were carried out in an
inert atmosphere.

S-Methoxy-4-methyl-2-auinolyl )leethylaminonronyl sul-
fide was prepared by two methods. In both cases methyl
cellosolve was used as the solvent. This was found desir-
able after a reaction had been run using 2-chloro-4-methyl-
6-methoxyquinoline and esodium methyl mercantide. When
ethanol was used as the solvent quantitative recovery of
starting material was made, but when methyl cellosolve was
used 90% of nroduct (6-methoxy-4-methyl-2-quinolyl methyl
sulfide) was obtalned. In method A 2-chloro-4-methyl-6-
methoxyquinoline was condensed with sodium Yy-diethylamino-

propyl mercantide in methyl cellosolve according to the re-

action:
CHgz

CH%0 ~
X cl + NaS(CHp),N(C Hy)py —-

CHg
CHz0

, AS(CH,)HC,H, ),

In method B, sodium ethoxide was added to a reflux-
ing mixture of'Y-diethylaminonronylisothiouronium chloride
hydroehloride and 2~chloro-4-methyl-8-methoxyquiniline in
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methyl cellosolve. The reaction proceeded according to

the equation:

CHz

cl
CHx 0~ ﬁHz
(A (G, H,) N (CH,),SCNH, NaOCoHy

The time of reaction for the two methode was the ssame and
there vo8 very little difference in the ylelds (50% and
46%). Method B has an advantage over method A in that 1%

1s not necessary to first isolate the mercantan in order

to carry out the reaction.

The recent obserVationg2 that 7-chloroauinoline deriv-
atives have favorable nhyslological action initiated the
nrenaration of another member of this series, 7-chloro-4-
quinolyl F-diethylaminoethyl sulfide. Thrls compound wss pre-
pared from 4,7-dichloroquinoline and eodhnnﬂ-diethylamlno-

ethyl mercaptide in good yleld (75% as the dihydrochloride).

Isolation of most of the products in this series as
the hydrochloride nroved to give better ylelds and nurer
products than low pressure distillations of the free bhases.
The hydrochlorides came down as white sollids with definite
mel ting noints,
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B. Bydroxy Sulfides

The prenaration of quinolyl hydroxy sulfides as
votential medicinal agents seemed desirable because of
the therapeutic value of the secondary carbinol group,
the sulflde group and the quinoline nupleue. Accordingly,
2-quinolyl #—hydroxy-}amorphol1n0prony1 sulfide and 2-
quinolyl ﬁ-hydroxy4}=niperidylpropyl sulfide were pre-
nared.

Epichlorohydrin was rescted wlth mornholine accord-
Q

e

ing to the method of Drozdov and Cherntzov. This nro-
duct was not 1solated but was reacted directly with
godium 2-quinolyl mercantide. Only two resctions of this
type were carried out and the mechanlism was not proved
but. was assumed to take place as indicated by the work of
Fullhart38 and. Massie79 on the cleavage of epoxy com-

nbunds wilth mercaptans according to the followlng equa-

tion:

CHoCER
Clg-oHomgH. 2 o,
N/ Nemeons D ¥
o HalIy _swa  —

Y

! ACTCH,
SCH,C=CIL -1

2 2 0
N 1 \

Y Ve
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C. Pyridine Sulfides

S8ince the central nucleus in atebrin is the simple
vyridine ring and since the commound 2-(p-¥-diethylamino-
provylaminophenyl)-pyridine (XI) has been shown to be
physiologlically acf1Ve, 1t seemed desirable to prepare

a series of nyrldine sulfides.

M

O O/N-(OHB)SN(CQHS)Z
N2

(X1)

2—(ﬁ -chloroethyl)pyridine hydrochloride and 2-( ¥ -
chloronronyl)pyridine hydroclloride were prepared and used
a8 bases for these compounds. Theee particular compounds
vere used since they could be falrly easlly prepared
from readily avallable starting materials. 2-Pyridine-
ethanol and Z2-nyridinepropanol were obtained from Reilly
Tar and Chemical Company and were used without any nurifi-
cation. Treatment of the aleohols with thionyl chloride
gave the products in 50% ylelds. It was found to be
prefersble to isolate the chloro-compounds as the hydro-

chlorldes since the free bases nrovdd to be unstable on
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distlllation, 1In some-oases the hydrochloride was
neutralized and the free base was used immedlately, with-
out distililation.

ﬁ-(z-pyrmyl)ethﬂ f-dlethylaminoethyl sulfide was
prevared by treating a mixture of 2-( ﬂ-—chloroethyl)-
pyridine hydrochloride and ﬁ-diethylaminoethylieothiouronium
chloride hydrochloride with sodium ethoxide. ﬁ—(z-Pyridyl)-
ethyl }-diethylaminopropyl sulfide was prevared in a
Bimilar manner. Both of these compounds were isolated as
the hydrochlorides.

Some difficulty was encountered mith 2~ P-chloro-
ethyl)pyridine vhen it was reacted =ith sodium n-amino-
phenyl mercaptide. This will be dlscussed in the section

devoted to P-aminophenyl sulfides,

D. p-Aminophenyl Sulfldes

The value of the p-aminonhenyl group in chemothera-
reutic agents 15 well knowvn, the most common of the com-
pounds containing this grouping beinpg sulfanilamide.
4,4'-Diam1no-d1ﬁheny1 sul fone, promin (VIIX), diasone
(IX) and mromizole (X) have vroved to have very interesting
and signifleant physiological effects in clinlecal testing.
Many of the derlvatives of 4,4'-diaminodinhenyl sulfone



that have been vrepared as chemotherapeutic agents have
been tested for antimalarial activityl43 as well as for
antituberculous activity and for other physiologieosal
proverties. These fzots led to the nrenaration of a
series of p-aminonhenyl sulfides.

The comnounds in this series were nrensred by con-
densing sodium p-aminovnhenyl mercantide with an active
chloro~-compound. In nesrly all caseg the product was
1solated as the free base which was a solid and could
be readlly reorystallized from the common solvents.
Variety was obtained in this series by changing the sub-
etituents on the nueleus, by changing the vosition of
the p-aminophenyl group on the nucleus and by changing the
nucleus 1tseif.

The preparation of P-(B—nyridyl)ethyl_g-amlnobhenyl
sulfide seemed particularly worthwhile because of its
relationship to 2- p-aminobenzenesulphonamide vyridine
(¥I1) which hss been shown to have a destructive sction on
the nroteetive capsule of the pneumococcus.144'145
143, (=a) Heymann.and Fieser, J. Am. Chem. Boec., 67,

1979 (1945); (b) Heymsnn =nd Heldelberger, ibid.,
87, 1986 (1945). -

144, Whitby, Lancet, 242, 1210 (1938).

145. Evans and Galsford, Lancet, 242, 14 (1978).
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HgN— )— SOQI{H—Q

(X11)

P—(Q—Pyridyl)ethyl‘Q-aminonhenyl sulfide has a ~CH.CH_S-

2
group in place of the -SO,NH- groun of XII. ;

The preparation of ﬁ-(z-pyridyl)ethyl n-aminophenyl
sulfide nroved to be interesting. 2(f-Chloroethyl)pyridine
hydrochloride wre converted to the free base and the free
base was treated wlth a solution of sodium p-aminophenyl
mercantlide. After the crude product had been isolated,
attempts were made to prenare a solid vicrate and a
hydrochloride but in each case only olls were obtalned.
Thlis crude naterial was distilled to give a product which
boiled over a large range (125-1600/1 mm.). This material
was fractionated and three fractione'were obtained. The
lower boiling fraction (55-600/0.5 m,.,) was converted to
a ricrate which melted at 156-158°. This nicrate was
found to be identlcal wlth a picratelz7 obtained in some
other reactions with 2-(ﬂ~chloroethyl)pyridine carried out
An these lsboratories. Analysis indicated that the plcrate
is a polymer of vinylnyridiﬁe but its structure was not
definitely established. Pilcrates were made of the two
higher boiling fractions (110-1150/0.5 mm. and 140°/0.5 mm,).
These plcrates melted at 142-143o and proved to be ldenticeal.



Analysis showed that the nicrate was that of F-(B-nyridyl‘.-
ethyl p-aminonhenyl sulfide.

Since the p-aminophenyl grouvn is ¥nown to be of
therapeutic value and the onuinoline nucleus has »nroved
useful, 1t seemed of interest to prevare some p-amino-
nhenyl cquinolyl sulfides.. Accordingly, 2-quinolyl
p-aminophenyl sul®ide, S—methoxy-é-quinolyl.g—amino—
phenyl sulflde and 6-methoxy-4-quinolyl p-aminovhenyl
sulfide were nrevared. These compounds were made by con-
densing sodlum p-aminonhenyl mercaptide with the desired
chloroquinoline comvound.

Quinine on oxidation glves S-methoxycinchoninie acid.
The dlgcovery of this fact has stimulsted a large amount
of research on various aclds of this type. Cinchoninie
acids, themselves, have been useful as therapeutic agents,
especially in the treatment of gout and rheumatic fever.
Cinconhen, 2-phenylecinchoninic acid (XIII) has antipyretic

and enalgesic activities; similar to that of the sallcylates.

GO0

(X1I1)
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The activity of cinaen~hen and the theraveutioc value of
the p-nminonhenyl group initiated the »rernarntion of 4-
earhboxy-2-auinolyl p-asminoohenyl sulfide (XIV). Thrls
eomound wag wrensred in 80% (crude) yileld hy tresting
2=crloracinchoninie aeld wit) sodium r-sminonhenyl
mercsntlide. The nroduect wag 1gnolated ap the hydro-

ohloride,

. ¥iscellaneous Sul fides

Benadryl tynes

Interest in comnounds of the benadryl tyre was
avakened when the nhysiological activity of dirhenylmethyl
ﬂ—dimathylaminoethyl ether was dlscovered. It was felt of
value To nrenare some comnounds of this tyne having a
sulfide linkame instend of the ether linkape. Dinhenyl-
mothyl ﬂ-(a-nyrldylethyl) sul fide (“V) wus “renared by
twn methods., In method A a mixture nfﬁ%JF-chloethyl)-

“oyridine hydrochloride and dizhenylmethylisothiourea
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hydrobromide was treated with sodium ethoxide. The nro-
duct could not be distilled at 1 mm. and so was nurlified
through the nicrate. A yleld of 50% of nicrate melting

at 146-147° wae obtained.

Q""CHZCHZC]'.HC]' + (GGH5)2
EIHBBP
H
( GGHS ) 2“C~S~CH9CH2—
¥ i

(xv)

M
-y

)

(i

=3-G-NHy Wa0Calls
I —m)

In method B sodium diphenylmethyl mercaptlide was treated
with 2-( -chloethyl)nyridine and a yield of 57% of the
picrate (m.p. 146-147°%) was obtained from this reactlon

mixture.

I

&

.

(xv) *

Some of the piorate was converted to the free hbase and

the hydrochloride was made.
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Piphenylmethyl p-aminonhenyl sulfide was nrepared
from sodlum p-aminophenyl mercaptide and benzohydryl

bromide. The nroduct was isolated as the hydrochloride
and was obtained in 40% yield.

Alkylaminoalkyl sul fides

The blologloal immortance of the amino-nitrogen
grounp is usually found in comnounds of rather complex
structure, or in comnounds which contain other function-

al groupe. However, a few very simnle amines have found

use a8 therapeutic agents. One of the most simnle of
these 18 ethylenediamine hydrochloride, administered

in the form of keratin-coated pills to acidify the
urine. Simple amines are becoming available in increas-~
ing quantities. They are vrepared for use as inter-
mediates in verious more comrlicated syntheses. Some of
the higher alinhatic amines, such as 017H35NH2, are re-
ported to possecss germicidsl activity.

It seemed pertinent to prenare some simple alkyl-
aminoalkyl sulfides using the compounds which were pre-
vared as starting materiale for some of the other work
in this thesis. These sulfldes were prepared by condens-

ing a sodium alkylaminoalkyl mercantide with an alkyamino-
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alkyl halide. The reactions were carried out in ethanol
at reflux tempersture and in an inert atmosphere. Some
nf the products were dlstilled at low pressure but 1t
wasg found more satisfactory to 1solste them as hydro-

chlorides. Ylelds for these preparationsg varied from

44-774%,
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P, Organosilicon Compounds

Fleming107 has demonstrated the use of organolithium
reagents in nlace of Grignard reagents to introduce alkyl
or aryl radlcals into the silane molecule. Recent wor‘kl33
in these laboratories has shown that such reagents are
extremely useful in the nremaration of varlously sub-
8tituted slilanes.

In the work of this thesis sllicon tetrachloride and
ethyl silicste were used in most instances as starting

133 otates that ethyl silicate has definite

moterials., Clark
advantages over silicon tetrachloride and thls work cor-
roborates hie conclusions. The use of ethyl silicate in-
volves none of the speclal precautions that are necessary
with silicon tetrachloride due to the extreme readiness
with which 1t hydrolyzes and 1ts high varor pressure at
room temperature. In addition to these two reagents
silicochloroform has been found useful in the synthesis
of organosilanes. It must, however, be handled with the
same care that is necessary with silicon tetrachloride,
since 1t is easily hydrolyzed and is very volatile as
well as being inflammable and corrosive.

An attemnt was made in this "work %o prepare a group

of organosilicon compounds containing nitrogen. Conse-

quently, triphenyl(p-dimethylaminophenyl)silane,
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diphenyl/dl(p~-dimethylamino)vhenyl/silene, tri(p-dimethyl-
aminonhenyl)phenylsilane and tetra(p-dimethylaminonhenyl)-
gilane were nrepared. In these nrenarations nractically
comparable ylelds were obtained using either silicon
tetrachloride or ethyl silicate.

In connection with the preparation of these sllanes
it seemed of interest to study the effect of the presences
of one, two, three and finally four water solubilizing

groups on these extremely water ineoluble compounds., Con-

sequently, an attempt was made to prepare the hydrochlorldes

of each of the silanes by treating an ether soluiion of
the free bases with hydrogen chloride. It was possible

to obtain only one, trinhenyl(p-dimethylaminophenyl)silane
hydrochloride, in pure solld form. Two of the other three
hydrochlorides oiled out and could not be made to crystal-
l1ize. In the case of diohenyl/di(p-dimethylaminophenyly-
silane a very hygroscopic solid formed but it could not
be purlified.

In view of the biologlcel importance of the quinoline
nucleus, it was deslrable to make a molecule containing
both the quinoline nucleus and silicon. Therefore, some
compounds were prevared in which a lithlosilane was added
to the anll linkege of a quinoline compound according

to the reaction:
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NS
|
+ (Cb'Hb):jSiQm _[%%!ﬂ_)
"‘@“Si (CsHg )z

Sneciflcally, triphenyl 2-(5-1ithio)thienyl silane was
added to quinoline, to 6-methoxyquinoline and to 4,7-
dichloroquinoline, ylelding in each case a high melting
s§0lid. Trimethyl(p-lithionhenyl)silane was prepared 3
and an attempt was made to add it to quinoline but no
nroduct could be obtained, the aquinoline being recovered
Ain 75% yield.

In connectlon with some studies on halochromlsm be-
ing made in these laborator1e9146 it was desirable to
prenare tri(p-dimethylaminophenyl)silanol. Several
attemnts were made hefore the deslired nroduct was final-
ly obtained. The reaction between sillicon tetrachloride
end.Qrdimefhylamlnonhenyll1th1um gave only a small
amount of material which analyzed for di(p-dimethylamino-
phenyl) silanediol; the reaction between ethyl sillcate
and.Efd;methylaminophenyll1th1um with a subsequent water
hydrolyeis gave only tri(p-dimethylaminovhenyl)ethoxysllane-
identifled by a mixed melting point with an aﬁthentlc
speocimen; the reactioﬁ between silicochloroform and p-
dimethylaminophenyllithium followed by hydrolysis with

smnonia pgave what 1s believed to be hexa(p-dimethyl-
146, Meikle, Y. J., Unvublished Studles, Iowa State College.
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aminophenyl)disiloxane: and finally hydrolysis of tri-
(p-dimethylaminophenyl)ethoxysilane with sodium hydroxide
gave B80% of what anpears to be the desired silanol. 107

The prevaration of tri(p-dimethylaminovhenyl)silanol
is reported in the patent 1litersture along with a group
of compounds »revared from HL1 compounds and silicon
tetrachloride or ethyl silicate. It is deseribed 28 a
liguid, b. p. 275-80°/12 mm.

Three attempts were made to nrenare an authentic
anecimen of hexa(p-dimethylaminophenyl)disiloxane. 1In
the first prevarstion tri(p-dimethylaminonhenyl)silanol
was trented with flve parts of formlc acld and the mix-
ture was refluxed for four hours according to a method
used successfully in these laboratories for the nrepara-
tion of hexaphenyldisiloxane.147 The reaction ylelded
a blue glassy substance which later solidified to an
extremely refraotory solid which decomposed when heated
above 2000 leaving a resldue. In the second prevaration
the silanol was treated with aﬁ excees of glaclial sasoetle
acid. Upon heating to reflux temmerature a blue glassy
substance formed which later solidified to a material
equally as intractable as the first. Hexavhenyldlielloxane
has been obtalned in 50% yleld by this method.147 In the

147. Melvin, H., Unpublished Studies, Iowa State College.
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third nrenaration the silanol was heated with absolute
methanol and hydrochloric acld according to a method sug-
gested by Kinping.l48 A dark oll which could not be made
to crystallize was obtained.

It 18 evident that the conditions for these prepara-
tlone were drastic enough to cause some decomposition of
the molecule in additim to some nolymerlzation. Avparent-
ly, the presence of the p-dimethylaminovhenyl group makes
the molecule much more susceptible to attack than does
the vhenyl group alone. The work on the preparation of
hexanhenyldisiloxane by the formic acld and acetlc acid
methods147 mentioned above substantlates this view. 1In
addition, studies being made in these laboratories on the
cleavage of silanes by hydrogen chloridel49 indicate that
the p-dimethylaminonhenyl group 1s more lablle than the
phenyl group. Triphenyl(p-dimethylaminovhenyl)silaie is
cleaved by hydrogen chloride to give 80% and 76.2% di-
methylaniline, while tetraphenylsilane under the same con-
ditlions gives an B85% recovery of the silane. Kipning and
Lloyd;so report that tetraphenylsilane 1s cleaved slowly

by hydrogen chlorlde,

148, Kipping, J. Chem. Soc., 79, 455 (1901).

149, Marshsll, I'. J., Unpublished Studies, Iora State
College.

150. Kipping and Lloyd, J. Chem. Soc., 79, 449 (1901).



V., SUMMARY

1. A brief survey of the outstanding methods of
prevaring mercaptans was made. This survey includes
general preparations and more speciflcally those of
tertiary alkylaminoslkyl mercantans, quinoline mer-
captans and pyridine mercantans.

2. General methods of preparing sulfides were dis-
cusged, particular attention being given to the vnrepara-
tion of alkylaminoalkyl sulfides, quinoline sul fides
and pyridine sulfides.

3. Bome of the most recent outstanding chemothera-
neutic asgents which have proved of value in the treat-
ment of malaria and tuberculosis were discussed in re-
lation to the work of this thesis. These égents contaln
nitrogen - usually in the form of a basic side chaln,
or sulfur - in the form of a sulfide or sulfur; and
in many cases both elements are present in the active
molecule.

4, Organosilicon chemistry was reviewed briefly.

5. A group of substituted quinoline sulfides was
prepared as potentisl chemotherapeutlc substances. These
sulfides were made by condensing an active chloroquinoline

with a sodium alkylamino mercantide; by condensing a
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sodium quinoline mercantide with an al¥ylamino chloride:
or by treating sn active chloroauinoline with an 1lso-
thiouronium salt and subsequently decomnosing the comnlex
with base.

6. A serles of pyridine sulfides modeled after
biologically active commounds was synthesl zed.

7. A group of miscellaneous sul fides, including
alkylam inoalkyl and bensadryl tyves, was nrevared.

8. A study of some nitrogen contalning organosilicon
compounds was made. These compounds were prevared from
silicon tetrachloride, ethyl sillcate or silicochloroform

and organolithium reagents,
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