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INTRODUCTION

The lust deoade has seen unmusual advances in the realm of aliphatic
chemistry. Considerable progress has been made in the field of lonpg~
chained compounds, and meny substances that were formerly very difficult
to obtain in the pure state are now being produced on a commercial basis.
¥With the recent availebility of pure longecheined fatty ecids and derive
atives of these, such as amines, nitriles, ketones, ete., & great impetus
has been given to the investipgation of the chemical possibilities of these
materials. The fatty aeiés themselves provide the basic materisls from |
which the longwchained aliphatic compounds may be synthesised. Esterifi-
cation and reduction gives the alccholss These may be converted to the
alkyl helides, which find wide application in the synthesis of longechained
compoundss The aecid ahiariﬁas are eesily produced, and they reaet smoothly
 with aromstic compounds to glve long-chained aromatic ketones that are galn=-
ing inereasing importsnce. The ammonolysis and dehydration of the fatty
acids yield the emides and nitriles. The aliphatic nitriles are readily
reduced to amines, which form the besis for the synthesis of & variety of
long=chained nitrogen compounds.

As n result of the newer researches on fatty acid derivatives, meny
new substences have besn produced which have alréady‘faund commercial
application of considerable importance. The highemolecular-weisht amines,
for example, are being used as emlsifiers, detergents, snd scidecorrosion
inhibitors, ote. Longwchained aliphaticearyl ketones are valuable as waxes
and as addition agents for the improvement of lubricants. Several types

of long~chained compounds have been suggested as insecticides, insect
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HISTORICAL

Hitropen Compounds

I. Carboxylic Acid Salts and kmides of 3«»%&3&;{1&&1&3@ snd n-Ootadeoyl-

amino,
The distinctly basic charaster of aliphatic amines is demonstrated by
the ease with which they form salts of both imorpenic and organic acids.
Methylamine, for example, reacts gquickly with carboxylic scids such as
acetic, phenylscetie, pulmitic, succinie, tartarie, ‘bsmeia; phthalic,
and hippurie %o form the corresponding "ésllts (1)« The salts are crystal-
line substances which usually undergoe dehydration to the amides wupon
heatings Ralston and cowworkers {2,3) have prepared & nmumber of carboxylie
acid salts of higher-molscular-weight amines, Some of these exhibit
properties thet make them useful as wetting apgents, detergents, bacteri-
cides, or insecticides. A coneentration of ten parts per million of
éo&acylaminé acetate produces flocoulation of suspended particles in
turbid water so that a clear solution is obtained after filtration (2).
Host of the carboxylic koid salts of aliphatlic amines undergo pyro-
lytic dehydration to emides. This reaction hes bheen known since the
early work of Wurtz (4) who distilled dimethylammonium oxalate to form

dimethyl oxamide, Using & similar procedure, Linnemann prapared methyl,

(1) Gibbs, Je Am. Chem. Sos., 28, 1408 (1906).

(2) Ralston, 0il and Sosp, 17, 89 (1940).

(3) Ralston, Barrett and Hopkins, ibid., 18, 11 (1941).

(4) Wurtz, Ann. ohim., 30, 464 (1850).
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ethyl and diethyl forwmamide from the corresponding formiec acid salts (5).

Uscomposition of aceble acid salts of & number of lower primery and
secondary amines was quantitatively studied by Musselius (6). The salts
wore hested in sealed tubes at 215° Por thirty mimutes and the unchanged
salt was delernined by titration with buses He found that the yield of
the amide Increased with the wolecular welght of the amine.

The isolation of the amine salts is not essential, as was shown by
Franchimont and Xlobbie (7) who heated a inumber of lowsmolecularwwelrzht
anines with heptylic acid in sealed tubes Lo obdain the desired amides.
Mitchell and Reid (8) prepered the dimethyl amides of the normal fatty
acids from formie to heptolo by passing dimethylamine through the acids
st temperatures ranging from 95° to 160° for varying lengths of time, the
gonditions depending on the acid useds Various modifications of this
general procedurs have been used to prspare H-allyl substituted amides,
Several proplonamides wore prepared by Zowen and Smith (9) by refluxing
the amines with proplenic acid for several houras. A Ue 8. Patent (10)
refors to the production of substituted amides by heating dliphsatio eoids
with aliphatio amines in the presence of a liguid immiscibdle with water.

4 constant bolling mixture is thus produced which may be distilled off,

{6) Linnemann, Siteber. Akad. ¥iss. Wien, 80, 44 {1870),
[ Chems Zentr., 41, 138 (1870) 7.
(6) Musselius, J. Russ. Phys. Chem. 50¢., 32, 29 (1800},

[/ Ghem. Zentr., 71, /17, 1071 (1800) 7.
(7) Franchimont and Klobbie, Kec. trave chim., 6, 241 {1887).

(8) Mitchell and Reid, J« im. Chem. Soc., 53, 1878 (1931).
(9) Bowen and Smith, ibid., 62, 3622 (1840).
(10) U. 5. Patent 1,964,453 /C. 4., 28, 3741 (1931) /.



removing the water formed in the reactions Concurrent with the work
reported in this thesis, Harber (11) has prepared a number of longe
chained H-substituted amides by heating n-dodeeyl- and n-octadecylamine
directly with carboxylie scids. Among those desoribed were o- and
p-chlorobenzamides, o~ and m-toluamides, olesmides, elaidamlides and
anisamides of these amines. W,N'-Di~n~octadecyl malonamide and Nen-
dodecyl and Nen-sctadecyl phthalimide were also reported by the same
investi gators.

Aside from the citations given, literaturs references to the
production of longechained amides from pyrolysis of long~chained amine
salts, or by direet formation from the longechained amines and carboxylle
acids, are confined to vapgue declarations in the patent literature. How-
sver, many of the amides have been prepared by less direct methods.
E'-t&a-l)adeeyi lsuramide has been prepared from & mixture of 1&uramie§a and
lauric acid by heating with hydropgen at elevated temperature and pressurs
in the presence of a catalyst (12). Adam and Dyer (13) prepared K-n=
octadecyl acetamide and Nenwhexadecyl acetamide by warming the ocorresponding
amines with acetlie anhydride. N-n-Dodecyl acetamide is described in the
patent literaturs as having been prepared by heating lauronitrile end

ascotamide with hydrogen under pressure in the presence of nickel {14).

{11) Harber, Dootoral Dissertation, Iowa State Collegs (1940).
(12) German Patent 667,627 / C. A., 38, 2906 (1989) /.

(13) Adam and Dyer, Js Chem. Soc., 127, 73 (1925).

(14) British Patent 458,454 /C. A., 31, 3501 (1937) /,
Germen Patent 650,664 /Tibid., 32, 953 (1938) 7.
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Fen~Dodecyl benzamide, Nen-dodeeyl phenylucetamide snd H,N'~dien-dodecyl
oxmnide were prepared by grunfeld (18} from n~dodseylamine and the corres=
ponding esters HNen-Ocladecyl benzenide has been previously propared by
the sction of benzoyl ehloride on peoctadecylenine (18,1%). Hoyt (17)
prepored F-p-ovtadecyl stewramide from stesreyl ehloride and nwoctadecyle
wrine. Chloreacetlie smides of dodecyl=, tetrsdecyle and octadecylamine
are mentioned in the petent literature (19) but the physical constants
and methods of preparstion are not given,

& mumber of smides from longechained amines other than n-dodeeyle
smine and n-octadecylemine has been reported. Turpin (20) prepered
¥en~heptedeoyl benzamide from neheptadecylamine and benxoyl ehloride.
Jeffreys (21) used the same wethod to form Nepe-pentadecyl benzamide from
n-pentadecylamine. The acetyl derivatives of these same emines as well
as that of n-undecylamine have been deseribed by Haegeli and cow-workers
(22} Those lutter inwvsstigators alec reported the formation of Hepe

heptadecyl stearamide and Nen-pentadecyl palmitemide.

(15) drunfeld, Anm. chim., /JIG7 20, 366 (1933).
{16) Hoyt, Doctoral Dissertation, Iowa State College {1940), pe T8
(1?) Xhiﬁa; Px 83

(18) Shinosaki and Kubo, J. Agre Chem. Soce Japan, 13, 1 (1837),
L[ Ce As, 31, 3002 (1937) 7.
(19) French Patent 735,647 /[ Chem, jentr., 104, 1224 (1933) 7.

{20} Turpin, Ber., 21, 2486 (1888).
(21) Jeffreys, fms Chems Ja, 22, 23 (1899).

w
{22} Neegeli, Grumtuch-Jucobsen and lLendorff, Helve Chim. Acts,
12, 227 (19297, |



- LG -

Long=ghained aeids and various amines other than those of highw
molesular-weisht have been used in the synthesis of a numbver of amides.
de*Conno (28) mized equimolar amounts of higher fatty scids and sromatie
amines and heated these in svucusted, sealed tubes at 230° for five hourse
The yields of smides were goods The p-nitro~sanllides and ﬁﬂnitm-ng
toluidides of laurie, myristic, palmitic and stesriec acids were propared
by Gilman end Ford {24) by heating the amines with the corresponding
aoid ohlorides. The pexzenylamides of the same acids were prepared by
these workers by heating equimolar guentities of the acids and p-zenyl-
amine in seanled tubes for five hours at 135-140°, Robertson (28)
preparsd the o= am prtoluidides, /ﬁmﬁ;ﬁa‘%@ﬁmﬁss, prhromoanilides,
o=brouo=p-toluidides;. ﬁﬂarmjzwmyhmymmw and 2,4,6~tribroncanilides
of & large number of norsal fatty seids..

The larger part of the lnvestipgation by the author on longechanined
amine salts and smides has been published (28). Among the compounds reported
were the Wmﬁwﬁms salts of formie, woetisc, proplonie, butyrie,
valeric, ceprois, @ﬁpryiin,. capric, lmria, myristic, palmitic, stoarie,
benzoie, anthranilie, «ﬁﬁfaram, cinnamic, M&y&ie, phenylacetic, oxalis,
A=nsphtholc and éméib@:ﬁmrmmmylw aoidss The M-nwootadeoyl amides
of all the above scids except anthranilic were also inciuded. 'The a~dodeoyl~
smine salis of aeétia, propionie, lsurie, myristie, pﬁimikia,, stearis,

(23) de'Conno, Cess. chim. itel., 47 /17 93 (3817),

[Ce Aoy 12, 1172 (1918) /.
(24) Giimen snd Ford, Iows State Tolls J» Soi., I3, 135 (1030).

i

{25} Bobertson, d» Cheme. Sos., 1185, 1210 {1919).

(26) Hunter, Jows State Colle. J. Bel., 15, 223 (1941).
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Xpr=Cikotonse. Liethyl discetylsuceinule anu scestunylacetons sre the
molones that have been used wmost generally. Euorr {30) was the lirst
to show that pyrrele derivablves could be formed from the former diketone,
while Fanl and co~workers (31) used acetonylscsione to muke Z,H-dimethyle
pyrrole and Hesubsbtituted o,0-dimethylpyrroles. A8 was {he cass with the
nelhod of Bell, no leng=chalned pyrrole derivetives huve besn synthesized
by this methods

A mmmber of lower pyrrole derivatlves have been studled for thelr
possible insecticidal webivity (52} The interesiing insecticidal propw
sriéles of certeln lougechained nitrogen compounds (3) suggests the possible
use of longechained pyrrele derivabive: for this purposes. The compounds

described in this thesis were prepured with thel possibility in view.

11T The Action of Nitrous hoid on meDodecylamine

It hes long been known that primary aliphetic amines reaci with
nitrous aeid to form sleoholse The resction takes plage in the cold
with the evolution of nitrogen, and has been used as & test for primary
. amines. 4&s Whitmore (33) has pointed out, however, the resction is never
8 @;@é preperative method for an aleohols HMethylemine, for exmnple, does

not react, and sthylamine givea only » 61% yleld of ethyl alechol (34).

(30) #norr, Ber., 18, 299 (1886); ibid., 18, 1556 (1885).

(31) P&al; ibide, 18, 2261 (1885); Paal and Schneider, ibid., 19, 558 (1888).
(32) cCreig and Bixon, J. Ame Chow. Soc., BE, 187 (1931).

{(33) Thitmors, "Organic Chemistry®, D« Van Nostrand & Co., New York

(34) Whitwors and Thorpe, J. ime. Cheme 30c., 63, 1118 (1941).
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n-Propylanine reacts with nitrous aecid to pive a mixture of nepropyl
alechol {7.4%), isospropyl aslechol {32%), and propenc (28.4%) (34).

With nebutylemine, Whitmore (#5) found the reaction products to consist

of the following mixture: nebulyl alechel (25%), ses~butyl alechel
(1342%), n-butyl chloride {5.2f), sec-btutyl chloride (2.8%), n-butenes
(38.57), & trace of butyl nitrites and 7.6% of higher boiling material,
tentatively ldentified as dibutylnitroscamine, It is gquite evident that
the resction iz not & simple one and involves moleenlar rearranrements.
‘This has been verified by a mumber of workers. Sisrsech (38) in 1867
treated nepropylamine hydrochloride with silver nitrite and obtained
nitrogen and normal ’md im‘»pmpgél alechols. Linnemann {37) confirmed
these results and postulated the intermediate formation of propylens in
the reactiomn. The @@arimn% was ropeated hy Hever and Forster {38) who
were able to identify propylere as well as dipropylnitrososmine smong the
productse. These workers separated the alecholic fraetion into 42% prisery
and 884 ssgondary propyl alcoholss From nebutylamine, Meyer and co-workers
(39) found that the aleobolic fraction consisted of 71Z primary and 297
sscondary butyl alechols. Butenes and dibutylnitrosoamine were also

detected. Ray and Rakshit (40} hested nebutylamine nitrite at 75° in a

(36) Wnitmore and ‘,Laﬁglais, Js Am. Chem. Soc., 54, 3441 (1932),
(36) Siersch, Amn., 144, 140 (1867),

{(87) Linnemenn, ibid., 161, 44 (1872).

(38) Meyer and Forster, Ber., 9, 536 (1876).

(39) Heyer, Barbieri and Forster, ivid., 10, 132 (1877).

{40} Ray and Wakshit, J+ Chems Soc., 101, 141 {1212}«
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vacoum and reported that isobutyl alechol was obtained. The experiments
of Whitmore (35) yielded no isobutyl aleohel, tut only primary snd secon=
dary butyl aloohols. Trentsel (41) reported e 40% yleld of n-hexyl
aleohol from n-hexylamine, following Linmemann's procedurs.

An intercating series of eszperiments cerried out by Ademson and
Renner (42) provide data of value for predicting the products that might
be expected from the action of nitrous acid on n-dodesylamine. These
workers treated the hydrochlorides from Eﬁﬁmﬁn to ﬁ*dmylmim with silvey
nitrite and decomposed the smine nitrites by slow distillation. Table I

summerizes the results of thelr experiments.

TABLE I

DECOMPOSITION OF AMIRE HITRITES

Amines n-amyl n~hexyl n~heptyl gwéeﬁyl penonyl n-decyl
Alcohols  BO.OF  B0.6%  48.5%7 46,37  48.50 50,04

glelinsg 0.1 2840 25.% 2444 Bde4 27 e
Ritroso~ 1.9 245 a3 Be5 9.0 1545
s6C. Bmine

Primary 1.7 1e5 D8 4.5 1.0 1.1
mina

Primary

‘arnine ﬁg‘l ":}A? 1.0 % f&;ﬁ Oub 1.4
Yield &4 u&% 33:5% 8%.5‘}12 31%% 53.4% 95, 2%

%hile the mmount of aleohol produced is falrly constant for different

(41) Frentzel, Ber., 18, 743 (1883).

(42) Admmson and Kemner, J. Chem. Soc., 838 (1934).
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aliphatic ecompounds has alse been considered of 1ittle synthelle walue,
This is due to the faet that the acticn of nitelc aeid on sliphatie
compounds usually ylelds &« mixturs of products end is practically alwsys
acoompanied by oxtensive oxidstion. Hass and coeworkers {45) huve suc~
cesded in overcoming meny of the diffieultiss usually ane&an%&r&é in such
nitrations by conduoting the reaction iz the vapor phuse, This proosdure
at present seems to be praciiesl enly with relatiwvely lowemolsoulareweipht
hydrocarbons snd hes not been spylied to bigh-moleculsrewelpght compounds.

The eariiest studies on the reaction of nitric acid on aliphatic
compounds appesr to have beoen meds on the falby esids themselves. In 1848
fedtenbacker (46) heated olels acid with fuming nitric scid and obteined
u nixture of shorier«shained fatty aeclds. Yo montion wes made of nitro
conpounds belag Jormeds Dessaigne (47) heated valeric scid with nitrie
agid snd obbtalined & solid product wbich pave an snalysis that aﬁ%réggﬁndaﬁ '
fairly well with that reguired Ty uitrovaleric scide Urlenmeyer {48)
hested caprole ncid with concentrated nitrle seid for ten deyz and recove
sred only s wixture of sceble snd didesgic sclids.

Several iawsstigators heve studisd the aetion of nitric acld of
various concentrations os stearic acide. Clans and Pfeiffer (49) nsatad
sbeeric acid for two deys with & sdzbore of someontrabted nitric sold and
agotlc aolds Thaey state that asmonpy the varicus oxidebieon products they
obtuined & yellowlsh tutlery mass in 50 per cent yleld that anulysed for

(48) Hass, Hodye snd Janderbils, Ind. Enp. Chewm., 28, 339 (1938).
(48) Redtenbmcker, kun., 58, 44 (1846).

(47} vessaipne, ibid., 79, 374 (1851).

(48) Erlemmeyer, ibid., 180, 210 (1878).

(48) Claws and Praiffer, J. prakt. Cheme., /2 7 43, 161 (1881).
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niirostearic acidse The product could not be crystallized nor wes it
distillable sither in weeuum or by stesnms smong the oxidation produsts
were osrbon dioxide and adipie, suberic and sebaoic seidas A anmall smount
of water-soluble oily material slso recovered was thought to be a mixture
of nitrocepryliec und nitroeapric acids. Chempion and Fellet (50} introe
dueed stearic scid Into & Jarge excess of mixed nitrie and sulfuric aclids
and obtained a ﬁﬁwmwﬁ% yellowish powder thet analysed for nitrostsarie
acids Hore recestly Radeliffe and Polyehronia {51) in studying the section
of nitric seld on saponifieble oils treated & petrolews ether solution of
stearie aeld with niiric seid {sp. :re 1450} at room temporaturs and
rogovered the stearie aold wnechengeds In & sweond srperirent these workers
trented stearle acid with a mivbure of fuming nitric and concentrated
sulfuric acids. BHere spain the materisl recovered appesred to ponsist
sainly of stearic acid, swnd nitrogen anelyses on the substance pave & very
low percentape.

Lewkowitseh (52) trisd to prepars nitro fatty seids by direct nitre=
tions Ye trested caproic seid with nitrie acid under conditions which
would probably allew the lsast %@wﬁ@a to oooure Using nitric acid of
apecifie gravity 1.483 and also 1.550 he allowed the acid to reset at room
temperature,s le also used & mixturs of these scidas with concentrated sule
foric acid at room temperature end alsn at slightly elevated tenmperaturss.

In no ease 414 he isolate produste other than unchenged cuproic @@wmu

(50) Champion and Pellet, Bulls soos chim., /27 24, 449 (1875).

{(81) nadeliffe and waw%agwf de Soee Lyers Colouriats, 38, 65 {1980 ).

(52) Lewkowitsch, J. prakte Chem., 20, 169 (1874).
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sarbon dicxide, and oxalic acide 3Jtesric seid with concenirated nitric
acid gave only esrbon dioxide, unchanged steasric seid, a small wmount of
olly futky ecld material, oxalic aeid, snd sebaecic weids In summarising
the investigutioms carried out prior to 1879 on the preperation of nitre
futiy neids, lLewkowlisch steted that although s aseries %;:i” sxporizenty
had been made on the preparation of thess compounds, the existence of
nitro fatity sclds had not been proved throupgh any of the dete existing
at thet time. The work of Dessaigne (47) on nitrowaleric acid was
uncertain inssmuch as analyses showed that the produst could have besn
sither nitroveleric or nitromngelic acide & mixbture of products wus
obtained by wirs (55) when cocosnut oil was treated with nitric acide
The resciion product wes found \% soneist of & mizburs of 4lbasic acids
as well a8 & mixtare of nitrocaprolc and nitroespric soidse In further
studies he showed that the section of nitric seid on fuls §?ﬁ§uees &
wizture of dibesic acids (insluding oxelic, malonic, suecinie, zluteris,
sdipic, suberic, sselalec and sebacle)e 411 other investigators of this
subject prior to 1878 (46,48) sgres that fatty seids are oxidized teo
shorter chain solds and dibssic seids with anitric seide The lster work
of Cleus and Fleiffer (49) shows thut nitrogen may slsc be introduced
into the fatby aeid moletule by this treeiment,

¥itro fatty aclids have reportedly been prepared {vom ketones through
the action of nitric aecide Chancel (54) bested dipropyl kstene with

(63) wirs, jane, 104, 294 (1857).
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ordioery nitric sold end obtalned an oily ligquid whieh he ldentified
first as nitrobulyric aeld and leter as nitroproplonic seide Hitrowlerie
acid was chiained as an oily liguid by PBrazier and Uossleth (65) from the
eesion o nitric aseid on cﬁw}. ketones. Hurtz (B8) showed that nitroe
propionic scid could be formed from dipropyl kelene. iis data differ from
those of Chancel, however, The work of Schmidt (B7) is more positive.
Be troated dipropyl ketone, dibubyl ketons, and diamyl ketone with nitrie
aeld and obtalnsd nitropropionie, nltrobutyrie, and nitrovwaleric acid,
respeotively, as wmell as oxidetion productse

he nitration of esters has been used to prepare ~nitro scidse
Stelinkopl acd Dapan [88) treated dlsthyl isosuscioate with fuming nitrle
aeid ln acetiec anhyiride %o fora diethyl nitro-iscsuceinate which was
hydrolysed and decarboxylated to _-nitroproplonic aeide ~Nitroisobutyrie
aeid was prepared by &aw workers using & slmilar methed. _~Ritropropion~
“io agid mm with éﬁmm@sﬁi&n at 61° and its salts oxplode when hesteds
_~Nitroisobutyric asid melts at 93‘%%& fhers is much confusien in the

literature regarding the propertlss of -nitro scids, and 1t eppears that

they are quite umstable. Holbe (58) trested chloroncetic weid with
potassium nitrite and obtained nitromethane instead of the _=nitro acide
This prosedure iz & wery rood ope for the preparation of nitromethanes
Lewkowitseh (52) tried %o prepere _=nitroscetic aeid sad _-nitropropiomnie
&cid by treating the eorresponding ~lodo acids with silver aitrite i
(55) Brasier and Gosslath, Amn., 75, 262 (1830).

{88} #urtz, ibid., 161, 208 (1872).

(57} Sehmidd, Bere, 5, 597 {1872).

(68) Steinkopf and Supsn, ibid., 48, 3238 (1910); 44, 2891 (1911).

(59) Rolve, J. prakt. Chem., /27, 5, 427 (1872).
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was unable to lsolate any of the desired productss. ﬁhwwvar,‘whanjifia&a—
propionle acid was Strested with silver nilrite ﬁh@‘zfaitrsgrgﬁiania soid
wag obtalned. This was reduced to f-alanins.

Auger {B0) showed that Kelbe's method of preverine nitromethane
Prom chlorcucetic aeld could be extendsd %o the prepuration of certainv
vicher nitroparaliings By wsine a modiliestlon of folbe's teoknicue he
wag able to obiain nitroethene f{rom («bromoprepionie seid (507 yield),
nitropropans from of»bromobutyric seid {457 yleld), and nitrohexens from
K-bromoheptylic acid (367 yield)s He waz ynable to prepare nitropenta=
dosane from d=bromopulnitic seld using this methods In o case 4id he
isolate the intermediats niteo acids, whieh apparently were reaadily
decomposed with the sieaw used in distilling the nitroperalffins.

Homko 181) bes rus & series of intersstinc nitrations on melenie
aaters Thow ?%ming sitrie asid wae vged, the product was monopitromslonic
egters With @itﬁgr aengentrated nitrie a#cid in asetic anhydride or copper
nitr&%@ in the same modium the product wes dinitromelonic esters If copper
nitrate in acetic acid was used as %&e nitrating syent, the product was the
mononitro componnd.

The woat promisine resolis thed have besn obtained in nltrsting
alizhetic compounds have been obbained ?it& the hydrocarbons themselves.

Konownlow (62) nitrated both normale and branched-chained hydrocurbons by

(60) 4uzer, Bulls socs ghime Faris, /37 28, 335 (1900).

(61) monke, les. Lrave chive, 42, 51 1511,

{62) Konowalow, ﬁ@r‘, &m‘ 2158 {l&@m}; ﬁﬁ, 1682 {1895); J. Chome Boca,
' 52, 1 alﬁw? '3 e «&ﬁs. Fhyse Chene 36$*, By 878 (1&%%}3 28, 108
{19‘0)¢’ .
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hesting then with mwwm@m pitric acid in sealed tubes. n-fexane ylelded
807 of & mononliration produet, and 2,6-dlmothylhexane and &,T=dimethyle
petane sach save m,@»a&ﬁww of mone- and dinitration productsze ¥eing dilute
nitrie seld, Yooowalow was sble to nitraie side gheins ailached to bBanzons,
In such case the nitro group entered on the carbon aton attached to the
shenyl croups Worstall {83) used Puming nitric aold o nitrate hexsne,
heptane, ovlane, nonsns snd dovane o mixtures of wono- anud dinitrated
productse The ylelds wers 407 or less of nitro compounds, the remainder
2f the hydirscarbous belng oxidized to curben dlioxide, acetic seid, oxalie
agid snd suesiniec aoide In 1936, Hass snd cosworkors (45} published the
rosalte of their studles on the vapor phase nliration of gaseous hydrow
carbongss The wvaporas of the hydrovarbons and of ﬁmwnwm acid were passed
rapidly through s kot resction sone sad the products condensed wnd {rac~-
tionateds The proedss is now belng used commerelslly to produce the lower
nitropareffing sand owes its success in part te the efficient fractionating
systems thet are used to separste the mixtures of nitraled products that
are formeds The rea¢tion m&ew&@M%,»mﬁ@w«wm the waw&w»w@w,um fres radicals.
This hes been shown by the fact that all of the posslible products Lhat muy
theorstically be formed from the free radicals predictable by loss of a.
hydrogen atom or by fisslen of & carbonecarbon linkege in nepentane have
sctually been isclated from the sitration of this hydrocarbon (84}«
Although wepor phage reactions are feaslibles with comperatively w@ﬁtwawwwﬁm

aeﬁmawwmu they become less practicel as the moleculer welcht increases,

(65) worstall, im. Cheme Je, 20, 202 (1898); 21, 210, 218 (1899).

(64) Metleary snd Degering, Inds Enve Cheme, 30, 84 (1938).




and, in the sase ol longechalined fatiy scids, it is doubtfol thet gsueh a

mebhod ene be wployed, owing Lo the Blgh hwiling polnts of those subsiunces.

¥

iy aswas, therelore, that the nitration of lorp=ehuined sompounds must
neeegsarily be carried oub in the liguid phase wnd thet the problem of
inkibiting wooompanyin, exideation under these eonditionz must be deslt

witha

Sulfer Comoounds

& mgmber of lenpechained compounds eonteining sulfur heve found use

%

n eomwerots Forhaps the most importent of these st the present time wre
gallMrie acld sglers of lon--chained sleokolse The zodionm salts of

thoge ssbers are ve Lnorn 88 oXe ant deSerreni uroaszing 3

thos L 11 known sxeellsnt deterzeniz, surpas £,

srddnary

te finds use us

rlor to

thig parpoas (68} The sermicidel
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propurtles ol the salis of =meroaptow and A=disulfido-fatiy acidas of high-

%

ested the use of those ss sormisidal soaps (58)e

zolecalar-velight bave sug

Getedesyl santhets way e wsed us & rubber wuleanization aceélsrator and

perbles thedl make 1% esiteble as s Llotaiion, weitl o7

agent {%?}.., MrensDodeeaneyls:ifenilamids has tsen found to be

sgual to or slightly superlsr $o sulfecllacide in the treabesvt of hetia

slytic strepteceeele infselicns irn miece (88)s The fet-sclubility of

(65) =mousqust, Salzberg and Dietz, Inds Bugs Cheme, 27, 1342 (18535).

(66) Eggerth, Je Zxpe Hede, 55, 27 (1531}

(67) Ue 3. Putent 2,087, 717 /Ce s, S0, 3635 (1836) /.

(68) Crossley, Northey and ﬁahqﬁsi, Je Ame Chem. Soc., 61, 2950 (1939).
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then undergoes hydrolysis to the sulfoxides

The more vigorous oxidiging spents brins about the formation of
sulfonoss The use of fening nitrie neld has besn menitlonsds Bost and
comworkers (76) prepared lonp~chained alkyl Z,4-dinitrophenyl thic ethers
and oxidized these to sulfones, using potessium permaaganste in seld
solutions Sodium hypochlorite sclution bas besn used in the preperation
ol aliphatiec end sromatic sulfonce (79)s IThis resgent sppears io be best
adupted to the omidation of alkyl sulfides helow heptyls Zenzoyl peroxide
is & suitable oxidising apent foy the quanbitative formstion of both
arcmatic and alipbatie svifones (80)e Elsetrolybtic oxidation bas been
ased by Flehter and Ségﬂﬁe&t to eonvert certein sulfides to sulfoxides
and sulfones (81)s

i resent paper by the suthor (B2) deseribes the preparubion and
propertizs of the even~chained symmetrisal thio ethers from nedodecyl to
n~octadecyl, s well ss the correspanding swifoxides wnd sulfomes. These

cowpounds are belng tested for insseticidal asctivity.

11, longmshained fulfonal-type Compounds

doyt (83) hes reviewed the physislogical metion of imwh&im&

compounds and has poisoted ont Yhet there ars s number of these that

{78} Bost, Turner and Hortom, J» Ame Chem. Soe., 54, 1885 (1932).
{79) vood mnd Travis, ds Ame cheme 3o0e, 50, 1246 (1928).

{80) Lewin, Je« prakt. Chem., 118, 282 (1928).

(81) Pickter and Sjostedt, Ber., 45, 342 (1910),

(82) Uanter, Iowa State ﬁg&ilﬁ Je Sola., 16, 218 {1941 ).

(83) Ref. (16), pe 5%. (%
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The earboxyl group on lonp-chained fatty aclds mekes possible the
water-soluble soaps, the lmportance of which reguirss no discussion here.
inother solubiliszing group of pgreat importance is the sulfenic scld groups
Direet sulfonation of sromatie eompounds hes been widely used to bring
about the property of wateresolubllity in otherwlss insoluble substances.
Slefinie linkages such as thoss securrins in oracked petroleum distillates
ars susceptible to tho setlon of sulfuric seid and may be converted to
water-soluble compounds by this respsnt. ¥Vith these unsatursted molescules
&8 well as with ithose occurring in ﬁﬁw&%#w fats and oils the resction is
uwauelly ope of sulfabion rather than sulfonations The letier process
. kmplies the direct introduction of the sulfonle acid group 4o form & trus
sulfonlc seld containing a curbonesuliur linksre, whereas www forasr
(sulfation) denotes the introdustion of & sulfsto group (0SC4H), having
an oxygen atom interposed between the carbon and sulfur atoms. Fractiocally,
the difference is of little inportance as both precesses result in the
formation of water-soluble compoundse The true sulfonic aclds are con-
siderably more resistanl to hydrolysis than wre the sulluric esters. &
varisty of sulfated olls are widely used as detergents, as "eubting” and
| other muchine oils, snd us w&ﬁﬁwwa assistantss These have often beon
improperly called "sulfonated olls”, & name that is misleading in that
only a very small proportion of trus sulfoniec aeids are formed when the
unsabursted olls from which they sre pude are treated with sulfuric scida.

The sulfonic eeid sroup hes certain advantages over the carboxyl
group a8 a weleresolubilizine groupe The so-called "Hymolal salts™ for
exanple, which are produced when leng-chained aleohols are treated with

sulfuric scid, are solubls not only as the salts of the alkall metals ut
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showed that palmitic and myristlc seid ere not acted upon by concentrated
sulfuric scids Burton and Robertshaw (52) pointed out thet the resgent .
mey bring about deccmposition of fatty acids under cerbuin conditions.

van Bldik Thieme (93) prepiured an additlon produst of lauric acid snd
sallfurie acid by heating 1t with 98,57 sulfurie acid and sllowing the
mizture to orystaliizes The compownd was soluble in petroleum ether and
was found to consist of one mole of Jsuric seid to sne snd cne~halfl moles
| of sulfuric aeids It broke up ints lsurie sad suliuriec solds upon sddition
of sxcess petroleum ether,

The asotion of fumino: sulluric seid on ssturatsd hydroserbons has baen
ﬁm&irg& by Worstall (94) who sulfonuted n~hexans, n-heptane snd neoctane
to both monow snd disullonic selds the presence of this resgents. A
waximam yield of 40% of sulfonated products was obbained, the rest of the
hyérw&r@m being oxidized. ¥ore recently, BSurkbardt (95) has investigated
the reaction between n~hexane and fusming sulfurie seid, and the resulis of
his experiments indicated that the resction is considerably more complioated
than ¢id the resulis of Worstells The f&ll@iug is taken in part from his
report (95, ps 2586}s "The present investigation has shown that when an
excess of nehexans is stirred vigorously with fuming sulfurie acid (36 or
654 50,) at 0-10° for four to ive hours, practically the whols of the
sulfuric snhydride iz used in the resetion that tekes places One mols of
v(?ﬁ} Burton snd Boberushaw, "Sulphated Gils®, Chemienl Publishing Coe,

Hew York {1840).
(98) ven Blaik Thieme, d« prakte Chems, 85, 298 {1912 )
{94) worstall, Am. Chom. Ju, 20, 664 (1898).

(%ﬁ‘} Burkhurdt, ﬁn v}ﬁ%ﬁ%ﬁu Goce, S8BT {}.m}b
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acids, but under proper eonditlong sulfonation mey occur. Uelsens (98)
iroated seebie seid with excoss [uming (Hordhsusen) sulfurie weid and
found that the products were carbor dloxide wnd sulfur dioxides He showed
that when the resction wes interrupted by the addition of berium carbonate
a sulfur-containing orpunic sali eovld be obtaineds Ihis barium seult, as
well as the selis of lead, silver, iron, mercury, caleium, stcas, was
solable in water snd erystalllsed with warying preportions of wuter depende
ing upon conditions. The free acid was very hysroscopic.

Chlerosulfeonic aeid seis on both scetlic and butyrie selds to glive
sulfonuted orgeniec aecide (97).

Aocording to the pelent literabure, aclds such as stearie and palnitie
aay be sulfonated by olsum, sulfur triozide or chlorosulfonic weid %o form
webting and emulsifying agents (98)s In scme procedurss, orranic solvents
sach as sromatlc hydrocsrbons or indifferest compounds such ss Xf=dichlorow
ethane, sarbon tetrashloride, or triehloroethylene are used in the reactinsn
{99)s In all such refsrences thore is no disoussion concerning the chem~
icnl structure of the produets and little informstion san bs gmined
r%g&r&iag the nature of the reaction thal takes place.

fogan&taé aliphatic compounds are guite easily charved by exidizing
spents such as fuming sulfuric acld and it has been oonsidered that perhaps

less diffioulty would be sncountered i the substunce chosen for the

(96) reluons, iones 52, 275 (1844 ).
(97) Paumsterk, ibid,, 140, 81 (1865).

(98) Ue S. Patent 1,526,443 /[ C. ke, 27, 6001 (1933) /,
Js Se Pabtent 1,958,169 / idids, 28, 1479 {1534) /.

(99) Cormen Patent 583,686 / ibid., 28, 1212 (1934) 7,

o
French Patent 773,656 /Ivid., 29, 1436 (1935) /.
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expsrimonts corbelned no oxygens. Silearonitrile is such s compound, and
the alipbetie ultrile group shows remarkable etabllity, ss has hesn siown
by the fact that stesronitrile may sebually be eracked to yield lower
wolecular weight nitriles (100)s However, inasmuch as stearonitrile is
readily hydrolyzed to the anids in the prasence of concentrated sulfurie
acld and as an oxyren atom has been introduced ints Lhe molecule by this
treatwent, perhaps nothing is to be paived in starting with the nitrile
rether than the amide or even with stearic acid itself.

Several attenpts to salfonate lonp-chained aliphatic compounds have
been made in these laboratoriss. Xoyt (101) tried to sullonute Yriene
octadecylanine by tresting it with scetie anhyiride wnd concentrated
2070 oleum but in all cases was usable Lo isclate sulfur-contalaing orger
products. Thel the aliphsiie chain in pephenoxystourophenone can be sul-
fonuted was shown by Welorkle (102) who treeted this compound with chloro=
sulfoniec woid sud obiainsd o ﬁriaalfania wold, which, upon oxidution, [uve
dmgulfo=d t=bishenylearborylic acid, indicating het twe of the sulfounls

acid groups were losated on the aliphetlc side chaine. -

(100) #elston, Hurwood snd Poole, Je jme Chem. Soc., 59, 986 (1887);
Ralsten, Selby and Poole, Inds Enre Chem., 33, 682 (1941);
f#alston, Christensen, Hoffman, Selby and Conguest, Hat’l.
Petroleun News, 28, Noe 50, 59 (1936).

(101) =mef. (16), pe 127.

(102) ¥elerkle, Uoctorsl Dissertation, Iowa State Collers {1938}, pe T6a
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after recrystallization from petroloum ether {bepe 60=88%)s

Enale Calods for € Ofie s Butie founds N, H«80.

w» .,Hm

Ba mm%@

Lion of msﬁtmw«w@mkw%ﬁwwﬁﬁ Stenrate, n-f wm mm B0

DA T A

n=Cyqllzge  Stearic uold (2485 g., 0401 mole) and n~dodecylumine
ﬁ'mm zey 0s01 mole) were ¢issolved in hot petroleum ether and sllowed to
sools The salt wus filteresd from the sold solutlion and @ww@m; ‘e product
wolghed 4445 go (957) and melted at 69-~70°. Reerystallization from petre-

leum sther failed to raise the molting pointe

snals Caleds for Coptigplpt M, 2483. Foumde 5, .98
4s Freparation of Hen=Dodecylstearamide, n-CyallogRHCOC)Hsre

This smide was prepared by heating 1 g of Hen-dodecylamsonium

stearate for fiftesn minutes al 225-250° in an stmosphore of niircren.

fhe proeduct %@M@@@, D88 pe (DB55) snd molted wt BE~85,59 after recryctale
lizatlon from W%wwaw aum ethers & mixture of this compound with the
product obtained by Rurber {105) from the dirsct pyrolysis of oquimolar

guentities of stesric seld aad pedodecylamine malbed at 85-85,5%,

Be n-Octadecylamine Derivatives,

le

Preparstion of Nen~Goladeoylemconiumo(=Furoste, ne0ialyilgw

0000 B Ue  ne~hundredih @a.wm «,m»am wnu aww:aa.wmmaaw?@ww
was dissolved in 150 ece of warm petroleun sther and lelZ ze (0451 wels)
of redistilled A-furole acid added o wg warm solutione The resciants
completely dissolved, and upon slow cooling, 3460 g (9857) of ths white

erystelline sali depositeds The meliing point (51-U2°) wes not chansed

{108} Baltins peint sample kindly provided by We Ie Harber (11)e
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This salt wes formed by warming 2469 ge (0s01 mols) of n~octaw
decylanine snd lad8 ge (0601 mole) of bengoic acid in 100 w; of petrolaum
sthers ihe product erystellized from the ceoled selution snd welpghed 5.7
g (857}a his melbed ut 63657, and after a slugle recryztallizstion from
petroleum ether melted sharply st 85-88°%,

Antle Calede Sor {;%ﬁ,&sg&ﬁﬁ Ya 2458 Poundr 5, .45,

4. Preparstion of Fen-Octedecylbenzamide, neCy M, WHCOCgH, (107)a

&e Ry Pyrolysis of Wen-Octadesvlamnonium Denromise Two and

R nd

fouretenths grems of Henwootedecylavmonium benzoate wus
heated bto 3009 for ten mimites in the presoncs of niirorsn. After cvolu=
tion of wmter was complete, ‘be product wus eocled and t‘:«ziiﬁ%&‘ﬁd Lo solldify.
It weirhed 2425 o (9570}, and after reorysialliszation frem potrolsum ether

melbtod nt 85809,

[e

ha irow ﬁwfsamﬁwyzmﬁﬁe el ;}@ma}i Ghlovides An auvthentic

sanple of Nen~ocledecylbensuside was prepured from 260 ;.
{0401 wols) of gwmtwfi%glmm@ in 30 ces of 100 sodium hydrozide solution
by breubing with 340 pe (100% oxcess) of benzoyl chlorides Four grams of
grude meberisal was obbalved from the cooled reaction product alter ihoroazh
wmaening with walere. Ihis was recrysteullised from petroleum sther end Z.8
go (782) of pure produet was obtained which melted e% B6.5=86"s A mixturs
of thls substanee with thal obbained by pyrolysis of Depsoctadecylaxnoniom
henzouts meltod st BE.H«86%.
8. Preparstion of Nwp=-Ootsadesylummonivm o ~Huphthoste, D0y B W -
0008, M, This salt wes prepured by werming 2.69 r. (0,01 mole)

{107} This amide has been prepared previously (11,18).



of pesotsdecylanine with 1472 re (0.01 mole) of d~nuphtholc meid in 100
aee of potroleum ethers The produst wes Jiltered From Lhe cooled sclution
and recrystallized Prom the sme solwents ¥our grams (927) of purs material
was obteined that melted st 108-110%,

Anale Caleds for § o ’;’}g @?gz%g 3 Hy Ja i7. : Younds ¥, Jelde

Go  Preparation of Jmuslchudag fi«ﬁmﬂ&"h’&ﬁnﬁé&, HeiqgliggBHCO0yolige

Ge By fyrolysis of Henmicledecylamsoninm deNaphthoates 1wo

erams of the seli was heated in s stream of nitrogen pas
at Z60% fory filieen minulsse. The cosled product welighed 17 2o (87%) snd
nelted st 89-90° after resrystallization from petroleum ethers

be Jrom n-icladscylenine wad X =uphthoyl Chloride. Three=

hundredihis mole (6e7 pe) of A=naphikoyl chloride (from
denapiihois weid asv thionyl shloride)} was sdiod w0 fed pe {Da02 mole)
of meoctudseylunine suspoudod in 30 ces of 100 sodium hydroxide solutione

ra wmloabare 3

pic]

am apkbated duriog tas wddlllen ol L aeld chlorides. The
crude prodact (Ba7 ze) wae woshed very well with several portions of hot
water wad wes recrysisllized cues lrom weeboue wnd onge from methyl alechols
the purified product welshed 6.0 pe {724) and melted at 58-88% A mizture
of this matericl ¢ith the produst Iroom the pyrolysis of Hen=octudocyles

smzonium denuphilioste melivd al 55809,

7+ Freparation of Hen-Ootadeoylumsonium Hicotinate,
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BC B HIOC0C B N (108)s One~hundredth mols (2489 ge) of
n~octadecylemine and 1.23 £e {0.01 mole) of nicotinie ascid were warmed
togsther in 50 coe of potreloum ethere The solution was filtered from
a smsll smount of undissolved nicotinie acid, and from the cooled Filtrate
Z2el go {547) of the salt deposited. After recrystallization from petro=
leum ether, the compound melted constantly at 78-79°,

Antle Calod, for 6% 44 23 1 B, Z.T4. Pounds N, 3500

W 3{: @W@mawﬂmmtmm&. n=CyaHgyBHCOCGH N

Omewtenth gram of Neneoctadecylammonium nicotinate was converts
ed té the anide by heabing at 280° for ten minutess The product, after
roerystallisation f'rom sleohal, welzhed 0.08 go (807) and melted at 9l-
92%,

snele Calode for ﬁmﬁﬂﬁﬁzﬁ ¥y BaT4e Voundr ¥, 3.950.

Il. Longmchained gyrra},e Derivatives.
As Preparatlon from ¥uclic Acid.

1. Preparation of WM&WW@M, B=CyplizaliC Hye  Two
hundredths mole (5.4 ge) of neoctadecylamine and 0.02 mole

(442 ga) of mucle acid were placed in & 125 ce. Erlenmeyer flaake The
mizture was heated in a2 nitrogen atmosphers at 2109 in & Wood's metal

baths Carbon diloxide and wabter wers evolved, and after one hour the

(108) This sslt was ussd to identify ihe carbonated reaction product
prepared by S M Spatz (unpublished work) from 3-bromopyridine
and n=butyllithiume This product was converted to the n-occtadecyle
ammonium salt end & mixed meliing point determination showed that
the material was ildentical with that prepersd in this oxperimenta
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regidual cill was then distilled under diminished pressure. Twenty=one

pracs (79%) of product was obtained whish bvoiled betwesn 138«140° st

1 mme pressure: d-U 0,86874, ugg 14760, ¥ (ealcda) 8442, M (obsd.)

25
Bbe2se The substance was & cleur, colorless oll whieh graduslly becane

yellow upon sisnding and becama dark when expoaed to the uimosphere.

Auals Cslode for C, aﬁﬁﬁa Hy Badls FPounds B, Bed8, B.30.

Co ﬁW& zmiwﬁ frm ﬁmtﬁg}‘ %iawwmmimm,

1. Proparation gﬁ &ngﬁat&&a@yiy%ﬁmﬁimthy%&ﬁmiiaarmﬂmq-

pyrrole, géﬁmﬁsvﬁﬂéiﬁﬁa}giﬁmﬁg%}z* Diethyl discetosuceinate
was prepared from ethyl acetosceiate by the method of Knorr and Haber (109).
10 516 o (0«02 mole) of this keto ester was added 5,40 re (0.02 mole)
of n-octadecylaminss The ssix;;g:ré was warned to 150% for Ciftesn minutes
and the evolved water was largely eliminsted at this temperaturs. Ths
cooled product weighed 10 ge {guantitative yield) and slewly‘ erystallized
upon standing at 4% Upon mw;m%:aliimﬁim from 80 eoe of aleohol the
sompound melted at 35=33.5% ihe materisl appsared to be gulite stable
in aire

Anals Calede for Cpolle,0H: :@Z,‘ 2485, Founds N, 3418,

2e Propauration of leneOctadecyled,Bwdimethyl=3,4~dicarboxypyrrole,

gﬁﬁmﬂsﬁifﬁﬁs&{@@ﬁ)g* Pour prems of legeoctadecyl=2,5-
dimethyle3,d~dicerboethoxypyrrole was refluxed for three hours with 1 g.
of potassiva hydrozide in 30 coe of aleshole The mixture was poured into

water, filtered, snd the [iltrete scidifieds The orude product weizhed

(109) Enorr end Naber, Jer., 27, 11556 (1894).
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Yaf po This malerial was roorystallized from dilute acetorne aand melied
slugpisbly at 80-95". It was apparsnt thet the esler had not been
somplately hydrolyzeds It was rsdissclved in 30 ces of alsohel and
refiuxed with 1 po ol potessiuom hydrozide for ive hours. The solution
wes diluted with water and part of the alechol was evaperated offs The
solution was coulesd and meidified, whereupon the produst separated.
After two recrystallizations from dilute soetune the compound melited st
107-108% and welrhed 1 pe (28%)e The substance was not decomposed by
axposars o the simosphere.

M.mw&.wi Calode for mw@ ww %mﬂ&%» sy 3l2a Foundy %, 54258, B5+83.

Je %ﬂ@%@gwwg of w&m@gmﬁﬁw,&M,mzw%&gm?wﬁiwgagwwﬁﬁm

pyrrole, thwmmmm%ﬁmmmmwwﬁm%wmw wwﬁ Two=hundredths mole

euch of dlethyl diacetosuecinate (5,18 ge) end nedodecylewine {3470 z.)
wore mized In & small Clalsen {lasks 7The rosolion began g&w&gww and
peresptible warming occeurreds, The mebterial was warmed under wvoswm to
somplete the resction sand to remove the water thal wes wagm: Finally,
the produet was distilled ander diminished pressure. Six and one~tenth
grams {(727) of fluoresse:t oil wes obtained at 240~243° at 0.5 mn. prese
surey mmw 0499412, wmw 34905, ¥ (oaleds) 11845, ¥ (obsda) 11845
The substancs wes diffienltly distilled, and the product obtained was
slightly sontanmineted with dark decomposition products whieh sffected
the snalysis reported heree. Hydrolyeis of the material, however, yleld-
od the corresponding; di-aeid {see preparstion of this belew) and left ne
doubt as to the struckure of the oile

D

inale Umled. for Cy ‘mm%wmw%? m&wmmw 82+0s Foundr O Mgy 2140, 2140



o &0 e

S0 Irepuresion o imﬁwﬂmw;&wﬁ,ﬁ%m&%h&ﬁ,@xwﬁ x

Bolyplppht o (Glig)a(C0UHJos  Two grems of lenwdodeeyl=2,5«
diunethyl=34=dionrbosthoxyporrols wes ndded %o o solotion of Geb ze of
pobassium hydroxiss in 30 ses ol wloshole The resclants were relluxed
Tor feur hoars sed then diluted with two velumes of waters The mizture
did not form & clser golotion, snd therefore hewting was sgeln epplied
te the dilvbed solution end continued for sighd hours. The clesr solue
tion that resulted wes weldified, whereupon 2 re of orude vroduct wus
ohtsined whioh melted &t 85939, Nedrystallisation from dilute sscetons
{four times) yislded 0«b ge (20%) of colorisas srystels melting st 96=

7%, The scmpound was steble in aire

ials  Celeds for O, H, 001 ¥, 3.89, Pound: W, 4e00, 5492,

Ile  The Jotien of Mirsws jcid on %&wg’*f}iiﬁ%ﬁa’m@%

As  Pirst Experiment (Prelimivaryle Ome~half mele (0245 g} of

Dedodecylienine was placed in a large beaker, cooled in iee, and Z50 ove
of siz normal hydrochloric seid (1.5 moles) gredually sddeds The mizture
was well sbirred as & solution of 106 g« (1.8 mm} of sodims nitrite
11 200 cce of wuber wse slovly sideds Hiirogen was sopiously evelved.

. After the evolution of e had subsided, the bealker wes reuoved from the

fce buth, sllowed bo warm up te voum Lemperature, and finully heoted
nesrly to boiling sud allowed to cools The layers were sepurated and

the organic layer teken up in sther. The sgueous luyer was extrocied
twice with ether and ths combined extracts added Yo the ether solution

of the mein products The eiher seolution wes washed well with water and
dried over acdium sulfute. The solvent wes ewaporated off and the resid-

ual oil (70 ge) fractionated in an electrically heatsd columns Table II
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summariszes the resulbs of this fractlonation and gives the results of
tests for the nitrose proup (Liebercamn}, halegen {Beilstein}, wnd for
unsaturation (broningjl.

The ten grans of realdue that remeined fros the fractionstion was
placed in & sxell flesk and distilled at five millimsters pressure. Three
srems of distillate was obtained whick boiled at 250-238°. 7This meterial
solidified on cooling, snd alter thres recrystallizstiocns fyrom petroleum
ethor melted consistently st T6-76.5%. The thres syasg of dark residue
that remeined undistilled was dissolved ln werm petroleum ether and 1 ge
of solid geparaisd on coolings After sewsral E@w@wwwwwgwﬂ% Trom
petroleum ether, this product alse melted at 76=70.5% (compare with prow
duet obtsined in Be)s

In Table II it will be observed that nesrly all frastions save both
positive halogen and nitroso testes It was therefore considersd that
insuffisient precsution hed been taken to preclude the possibility of
both hydrochloric and nltrous seids being present in the distilled oila

& mocomd run wes nodes

Be Second mm ,u.wmﬁv? They sepe guuntities of msterdals wore used
&8 in e provious am%wgmﬁ: fruster oare was taker in meintaining &
Lemperature of near UF duriny the sourse of addition of the nitrite solue
tion to the swmine hydroehlerides After svolution of nitropen in the cold
bed ceased, the tempersture was allowed Lo slewly rise and the mixture
was Tinally hested nearly %o boilinge Upon cooling, the organic layer
wag teken up in sther sud washed twise with hydrochlarie neid (2 ¥) {to

resove sny unrsscted dodesylumine)} snd then twice with dilute sodium



uﬁﬁb

chloride solutions The subssgquent drying over potaussium carbonute served
also to remove any hydroeghloric or nltrous acid presents The solution was
filtered and the ether distilled offe The 77 ge of residual oil that
remained was woll cooled, whereupon & quentity ai solid material -sapaﬁted
vube This was fil%ﬁ?&ﬁ from the oil, and aiter removin: as much oil as
possible on & suection filber the solld weiphed 13 g. Howsever, considerable
oll appeared to be ocecluded, end afler several recrystmllizations from
petroleun ether {&n?’a %»&;8”} s & g of pure substence was obisined which
melted at 76-76.6% Mixed melting point deterainations showed that this
product was identical with that obleined from the high-bolling oil and
also frow the final reeidue in the {irst experiment (see page 51).

The various fractions of the distilled material (ses Zuble III) wers
granineds

Fraotion {1} gmve & distinet test for unsaturation with bromine in

esrbon tetrachloride snd has physicel properties which egree with those of

n~dodecens~le The material was converted te l,2-didbromododecsne:

le Freparation of 1,8-Dibromododecuns {110)x Five grema (0298 mole)

of ﬁaéaﬁmamn}. was disselved in 50 cee of carbon tetrachlorlides. 7To this
was preduslly added an securstely meusursd smount of exsctly 10% solutionm
of bromine in carbon tetrachloride. The end point was indicated by the
&i};&@ﬂf%%ﬂr of u slight ooler of bromine khiﬁh remained aiter standing lor
ten mimutes. The theoretlcal smount (03 mole) of bromine wes tauken wup
from the 48 cce of 10Z bromine aalatiw that was reguireds The solution
was washed with dilute sodium bisulfite solution snd then dried over

(110) Prepared previously by Erafft, Jers, 17, 1371 (1884). The constants
were not reporbed,
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resumsd for twenty-four hourse The mixture was then poured intc water

and ths oll separsted and washed severel times with hot waters Cnly 20 g.

of pmtorisl remsined undissolveds 7This residusl oil had a speeifiec rravity
preoater than thet of watere The rest of the initial orpenic material was
spperently mmﬁﬁ;gaﬁi ﬁa sarbon dioxide snd water-noluble substances. Bvaporse
tlon of the combined aqueous layers smaa washings ylelded & slushy #mas vhich
weg separated into 40 pe of white crystalline material {probably dibasic
acids) and Z0 g;; of oily wsizﬁua which contained & considersble amount of
nitrie scids. These products indieste that under thess gonditions oxidation

is the predominant resctions

Ce Astion of f?ming Witrie seid onm Leuric seid in the Colds Laurie

soid (90 go) and 100 co. of fuming nitric seid (8ps £re 1450) wers mixed
snd stirred in the nitrating appuraius. Yorksd cooling of the mixture
seourred sz the i&mrm meid dismolved, und the tsaperature of ths selution
fell to 10° Ce By mesns of « weter bath Lhe tempersiure wes meints!ned
betwesn 10 ﬁx:;aﬁ 18° awmig{&&; The solution was then poursd into water and
the arganie laysr sepurateds IThis was w&aﬁ@&, four tines with water snd
drieds Unshanpged lauric seld was gquntitetlively resoversde It was puris
fiod by disselving in sodlum hyiroxide solubion, reprecipituting the acid
with hyirochloric zeld snd reerystallisine the dried product from scetones

& mized meltisy point with leurie seld ghowed no dopression.

Us Mitration of Lsuric scld with Fumine Pitric scid st Heflux Temper-

Bhurds.

le Pirst Zypericent. One hundred prams (0.6 mole) of leuric seid

w5g nluced in the nitrading apvarstus with 100 eoe of funing nitric seide



l._mw«wl

The temperature was praduslly incressed until the nitrie seld relluved
semblye lLarge dﬁyﬁﬁ&m,aw gases were ovolved and these were pasged throuzh
sulluric acid and then over lime walers The sulfuric scid served to romove
the oxldes ol nitrogen snd the lime waler shomed that ecarbon dioxide was
belng clven off in larpe guantitios.

The mixture was reflured with sbirring for seven hours and 100 co.
more of funing nitrle seld wes addsde The rescbion was sllowed %o coutinue
for seventeen hours lencer and the mixture was then poured into water. The
olly layer wms separated and washed seversl times with kot water snd Finslly
taken up in ether and dricd over sodium sulfets. Aifter romowsl of the ether
the residual oil weighed 52 s+ This slowly hweane buttery in consistency on
standinge In an atitempt to steam=distill this product no organic matter
wES awwﬁmam ovar with a&a liter of distillates ﬁww 0il was mﬂaa again teken
up in ether ond dried over sodinm sulfete. The ether was removed and 80 co.
of 95¥ ethyl alcohol was sdded to the residual oils On pood cooling s
small amount of solid materisl separstede This was filiered off and rocryse
tallized ssveral times from acetzne. The purified product melted at 45-44°
and & mired melting polint determinstion with laurie seld showed no depression.
The alochol was distilled from the remaining ¢il end the ﬁWaw&ﬁ« WEE ﬁww@au.
in an extreaction apparatus and extracied with petroleum ether (beDs €0~
68%)s The volume of the oil wes diminished by helf. The undisaclved oil
was warmed 1In an evacuated flask to remove traces of solvent and was then
snalyzeds

%M§ &ﬁ“ﬁ%i M».www& ﬁWHWMNMWQW% .,WM% mwg‘ MNG%“ Ww,~ @meﬁ mﬁmwt

Later experisents hawe shown Luat the produst [rom the sbove treab~

ment i3 & mizture and the analyses are therefvre of guestiomable values
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£1d washed soveral bimes with ot woksr. The oreaduet wan bakes v in

ether, drisd sver sofiom aalfato, =0 hz solvant rovoveds  The vield of
01l was T7.5 re (517 of the etartin. material)e Upon stundin- overnisht
2 re of white aolid wgam%a&wt. This wes Liltersd of 7 and reorvaisle
liged from dilute wleohols The meterial melted slugrishly botwesn 8 end
45% and probably was impurz lauric aeid (sea previour experi-ent). The
filtered oil was extracted with petralsum ether (o remove uneessted laurie
aoid)e Abuut eme-n:lf of the meterial hed dlssolved in fthe solvent. The
remaining undlssolved oil was then heated in 2 vacuum to repove residusel
solvent and 20 g of the oil was obtaineds In order Yo sheck the provicus
erperiment, this materisl was snalyzed. A low nibrogen walue was oblsined
{44087 N)s FPive grams of the oil was dlssolved in 50 voas of aluohol snd
to this ﬁéa added o solution of U.07 ge of sodium in 80 coe of slcohold im
which 50 ees of poireleun ether had heen addeds 4 yellow salt precipilated
which was [iltersd off and washed well with polroleun stlere Aftsr thorw
ough drying the product welghed 240 g

Dme-half sram of the above scdium seld was dissolved in weter and lead
agotate wixzﬁiﬁm sﬁéad xasrhil no further precipitate formeds The slightly
vellow galt was f‘ilémmf& ‘aff and washed well with water, sleohol, acetone,
glcohol agaln, petroleum ether, snd Tinally with ethers Three grams of |
Jesd salt was obbtalned which sppesred o be insoluble in wabter and all
orgenic solvents trisdese The compound was snalysed for nitrogen and for

lead (113)e

procedure used io the lead exwlysis was thed of Gilmen and
Kobinson, Je dme Chems Soe., 50, 1714 {1928).

{113}



Anale Caleds for (Q %ﬂw%ﬁw§ Fhy K, 4.81 Ph, 34,05,

Hay
" " (Pu; W{% }w‘m The W, 4,043 fh, 20,8,
* " al;wmciz&@mw@@m N, 3.12; Pb, 46.0.

Founds M, 2073, Z32; I, 4240

The selt was probably lapare ﬁ&éﬂiﬁﬁ the sareful washive with Pive ool

li&ﬁﬂﬂa
The petroleum ether extraect of the original oil was evnporabed until

Tres [rom selveut und after standing overnizhi the ol was filbsred from
& small amount of severated solid material {lauric acid)e The filiersd

oil welghod 30 gy Flve prams of this material wes dissclvad in alechol
and gdded to 0.4 ze of godium in the same solvents The procipitated

salt weiphed Z.7 g 2nd was convarisd %o the lsad aai% by dissolving ia
water and addlapg lsad geelals sol:tlone The lead sald waz carsfully washe

4 with wabver, aleohel, pebtroleum ethor, and sther, and after thorough
drying, was analyzed lor lesd. Zpal: Found: b, 5840, 5848, Those values
do not chaek the theoretlesl possiblliitios listed sbove nor do they check
the value Tor lead laurate (Pb, 3343). The high purgentaps of I%ad gug geats

the presence of other Jesd salts in the materials

3. Ihird Sxperiments One mole (200 ) of lauric ueld wes placed

in the all~zlass altrating ayparaius %itﬁ'ﬁﬁa coe of fuming nitric acide

The mizbore wes peatly vellaxed withoust shirring for eightoen hourse. The
lower aguesus layer was reweoved and the vil repluced in the aparetus with
100 ece wire of fwming nitric scids Heating was resumed for annsiher elightesn
hourse fumine nitric scid (100 cc.) was azain added und the mixture hested

for ‘wanby-Iive hoars longere The nixture was poured int. water and the



k:ﬁlm

srganic layer sspurated and washed well with hot water and then dried
aver sodium sulfete. The filtered oil (47 g.), representing 24% of the
starting material, was then distilled at 3 mee pressure to glve the fole
lowing fractions: |

(1) ‘70-80° 245 gz

(2} 8090 8.0

(3) 90-130 540

(4) 150-180 1.0

(6) 189-185 540

(8) 185-195 2540

Recovery 50.5 ge (847}

Petween fractions (3) and (4} violent foaming took plsce (bath temperature
of 150-167%)s After thirty minutes of very cavtious heating, the feeming
graduslly subsided snd & yellow liguid distilled off, glving fractions
{4}, (B), and (8). ﬁmt&w {6) was redistilled at a;;grmimtﬁy De8 mine
and 18 ge of clear yollow oil was obtained boiling between 163-188°

ot 165-166%); ﬁgﬁ 1.0441, ngﬁ 14672, Two possible structures seemed

1 8»@1?’

worthy of eousiderstions (a) CyqH,CH(NO;)C00H (nitrododecancic asid)s
and (b) 115,540, {(nitroundseans}s The following guantitative data were
obtained on ’%»he yellow oils
Ansls Calods for {a): ¥, 54833 Caleds for (b): H, 6.98.

Founds H, 4.59, 4.78, 4.75.
Hout. equive Caleds for {&}: 246 (oarboxyl hydrogen)s Caleds for {b)s

201 (aci-form)s Founds 191, 191

Holoce refs galeds for {a): B4.8« Found for {a): B4.0..

Culode Por (b): 6848 TFound for {(b): B52.5.
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4e Pourth Bxporiments Two molss {400 ge) of lsuric asid was

warmed to reflux temperature with 200 ecc. of fuming nitric acid for iwelvs
hourss The agueous layer was removed snd 200 co. more of the fuuning aitrie
aeld sddeds After refluxing for twelve hours more, the equecus luyer was
agzain removed snd 200 cce of {resh fuming %iﬁ -added, The bolling was con=
tinued for sighteen hourse The layers wers separated and the oil was washed
with hot water eicsht times. The residual oil woeighed 142 pe {35% of the
orizinal lauric acid)e ipon washinyg with hot water five times more, the
welcht of the oil was reduced %o 128 g This wes distilled 8¢ 1 nma prese-
sure to give the follewing freetionsy

{1) 80=120° 108 o

{2) 120140 5.0
(2} 140-150 240
(4) 150=170 W
{5) 170~180 Ba5
(8) 180-200 46,0

Eooovery T7+8 ge (632}
Considerable decomposed meterial could not be distilled a&& remsined &g &
charred mess in the distilliins fluske.

Fractlon (1) wus redistilled at stwospheric pressures 4 small smount
of ﬁisﬁilfi&%@ was ocolleotsd at 180-195% and the bulk of the materisl boilsd
of £ at 185-200° (750 mms)s Jentralization equivelent determinetions on the
latter frsction puve the following valuwess 11140, 110484 Fure caproic
scid boils st 199.5=200° at 750 mm. sod haaka neutralisation eguivalent
of 116.0.

froction {0) wus washed repeetedly {(ten times) with hot water until
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with 200 g« of absclute ethyl sleoochol by saturating the aleohelic selution
with dry hydregen chloride. After standing for six hours, the mixbure was
poured into water and the ester sepurated and washed several tives with
water, then rapidly with scdium carbonate selution wnd finally with weter.
{ilthough the sedium carbonate weshinps wers eolored yellow, only a very
small amount of oil separaied when the alkaline solution was neutralized).
The ester was dried with sodium sulfate overnight and 68 ge of product
having & definite ester odor was aﬁ%&inﬁ&, This was distilled toc give the

following fractions at 1 mme pressure;

{1} 4B-80° 4e0 2
(3} 85«80 a5
(8) ©0-118 11.0
(4) 115-138 1040
(5) 135-140 6.0
{8) 1s0-180 95
Regovery 4440 2o

Fraction (1) had an odor like that of ethyl caproate end distilled
st 180-166% at stmospheric pressures It hed a refractive index of 1.4250
at 25%, ?ﬁasa gonstanis ere in agreement witﬁvthoaa recorded for that
eaters

Fractions {3) to (6) were redistilled o give the folluwiny fractions

&t 1 mm. pressure

(a) 106-110° 540 ge
{b) 110118 840
{G } 11@”133 Ll

{a} 130140 440
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) 180-160 100
E%sawa'ry 5540 £

Frantion (f) was analyzed fer nitrozens
Anele Calode for Cp M, CH{HO,)JCOOC Uig: ¥, 5.13« Found: %, Be3l, BeiTs
The density and refrective index of fraetion () were deternined and
found to be 098712 and 14452 respectively, both messursd at 25% ¢,

¥y (caleds for ﬁlﬁﬁﬁlsﬁ{ﬁﬂz}&ﬁﬁcﬁﬁg) T4elT, ﬁﬁ(&%&dg) 750550

Be Ahtespted Fitration of fihyl Leurate. One~hell mole (12Z.5 gs)

of pure athyl laurate (bepe 144-146%/dmm. ) and 100 cce of faming nitrie
sclid were placed ln sa sllegless sppuratus consisting of a larpge {lask
and & reflux condensers The reactlon began immediately, and with carsfully
controlled heating was sllowed to procesd [or seven hours. Unless care was
used, the rescilon hecsme vigorous and larpe volumes of gases were gvolved,
The mizture was allowed to coel and the agueous layer was separated. Fuming
pitric acid {100 coe) was apain added snd the resctants carefully heated
for {walwe houwrss ihe whole ol the materisl was then poursd into water and
the orgunic layer seperated and washed free from nitric scid with cold water
end then washed several times with hot waters The remaining oil (90 g.)
represented T3L of the initial ethyl leauriie. The product was twice distile
led ot I mme pressure to glve the following frectioms:

(1) 62=-122° 4 ge  {liguis)

{2) 182~139 33 {solid)

(8) 140-180 & {w%iwalié}

{4) 180-185 14 {1iquid)
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{(5) 185=-180° 1 ge {iiquid)
(8} 190-200 3 {solid)

Resovery 60 ge (68%)

Fraction (1) was similar to the materiel identified in previcus
wm;-maﬂts &8 caproic acids.

Praction (£}, representing over 50% of the recoversd muterial, was
lagrie aoide 7This was proved by careful recrystallisation of the subw
stanes from acstone, whoreupen the melting point (43-44°) remsined the
same when the product was mixoed with pure laurie aecid,.

Praction (3) was & mizture of lsuric seid with some hipher boiling
materials

Praction (4) had & refractive index at 25° of 1.4875, which was very
close to that observed on the higher-boiling material obtained in the
nitretion of lawric acids The coler, odor, and solubility behsvior also
rocalled that product.

Fraction (6) melted slugrishly at 92-130° and resembled the similar
product that was ldentified as dibasic scid material in the higheboiling

fraction from the nitratineg of lsurie acide
Bulfur Compounds

« High-Molesular-fieipght Sulfides, Sulfoxides snd Sulfones (114)

He ?mimimfz Preparations

l. PFPreoparation of Ethyl Stearate. The procedure used was similar

(114} The preparation of only the nwoctadecyl derivetives is desoribed
heres The formation of the wﬁgé%yl, n~tetradecyl, and whméwyi
compounds has been ¢iven slsewhere by the author (ref. (8%2).



to that deseribed by foyt (1185}, Twe hundred aud Fifty qrans (G.08 mele)
of pure sbearic acid (118) was Jissolved in 300 ce. of warm absolute ethyl
aleoohel and the resulding selution completely sestursted with dry hydrogen
chlorides After standiny at room temperature for six hours, the entire

mixture was poured into a large excess of warm water and the ester layer

separated and washed several times with warm water. The product was washed
with dilute sodium hydroxide solution, taken up with ether, and the ether
solution washed several times with waler. After drying overnipht with
sodium sulfate the ether was removed and the residual oil distillsd under
diminished pressure. L?mati‘w},ly all of the meterial distilled constantly

gt 150-1920 at 4 mm., and 298 g. (904) of the ester was obtained.

Za Pm& ration of n=Octadecanol (117). Sixty-five grems (0.2
mole) of ethyl stearate was placed in & 500 ce. bomb of & Parr hydrogen=
stion mechines 8ix grams of copper-chromium vxides catalyst (118) was
added and the bomb filled with hydrogen (1640 lbs. pressure at 25° Cu)e
The btempsrature was raised to 250° and maintained there for four and one~
half hours. After eoolinpg, the product was removed, éﬁ.asal%c‘i in hot
acetone, and filtered. Fifty=two crams (94%) of meootadesanol (m. p. 57-
589%) crystallized from the cooled filtrate. o

3. Preparation of n-Octadecyl Bromide (119)e & mixture of 38 g.

{1158) Hoyt, Doctoral Dissertation, Iowa State Collere (1940) p. 89

(116) Pure stearic seid was obtained by recrystallization of Heo=fat 1-65
{kindly provided by Armour and Co.) from acetone,

(117) mef. (115) p. 90.
(118) Folkers and Connors, J. im. Chem. Sos., 54, 1138 (1932).

(118) variations of this procedurs have been described by Hoyt (ref. (1185)
ps 96) and by ¥eCorkle, Doctorsl Dissertation, Iowa State Collegs,
1953; yt 35’
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Se  Uxidetion of peloledesyl Sulloxide Yo nmictadecyl Bulfone.

Cne=hal’ gram of nesctedecyl sulfoxile was clssolved ln 100 cc. of acelis
acid and 3 oee of 300 hydrogen peroxide addeds The mixture was warned
for twe howrs, allewed o gnel, and the erystals filtered off. ifter
thorouch washing end drying, the sullons was resovered in guanilistive
yield and melted at 105.6~108.5% 4 mived wolting peint with pure Deputas

decyl sullons showed no depressiona

e ALbtbespted Zeduoblon of m=boladecyl Sulfonss Une=hall gram of

p=octadecyl sullone was dissolved in 80 ces of hot acetic aeids To this
was added S0 ge of zine dust and the mixture was refluxed for ten hours.
Tha hot soluntion was {iltersed, coolsd, and the produet filtered off. After
washing and drying, the sulfone was guactitatively recoversd and melted st
105.6~10645% 4 mizod melting point determinution with pure neoctadeoyl
@21fone chowed no depreassions ’i‘%xeaa:% resulte are in agresment with the
genorally known feot ‘%h&h sulfonss are not reduced by the action of sine

in aeids, wheress selloxices are reduced to sulfides by this tresfment.

Ile Atéempted ireparation of Loncechained $ulfonal=ype Compounds.

A Pmmmsatg Preparations

i« Preparabion sud Yrool of Sfructurs of ;fswi}czi,aﬁwg} %ﬁwe&?m 1

fe Preparation of pefctudecrl Werseptun. The mothod used was

g modlficetion of thet of Coliin snd co~woriers (121)e Jhree snd ono=hald
cpans (015 pe atom) of sodium was dissolved in B00 ceo. of absolute ethyl
aleohols The solution was satursbed with hydrogen sullide and then pleced

{121} Collin, uildlbeh, Marsh end Hcleod, Je $0¢e Chame Ind., 52, 2727 (1633).
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in a 500 ce. botile provided with s tightly-fitted stopper. To the alco-
nolic sodium hyiros:lfide solution was sdded 37.5 ge (0.1l mole) of ;=
esotuadeeyl bromide in 75 ces of absolute aleohels. The stopper was firmly
segured snd the bottle placed in & sissnm jJacket for ten hourse The resce
tion product was then poured inls wuier, sxiracted wiith ether, and Lhe
otheor sxtract washed twice with water and then dried in a nitrogen=filled
bottle over sedium sulfate. After removal of the ether the product was
distilled under diminished pressure in an stwosphere of nitrozene The
mercaptan boiled at 215-215.5% at 18 mme, £4.5 ge (767 yield) of product
being obtained within this temperature ran;e. Twelve grams of material
boiling between 210-215° was also recoversde The main fraction solidified
when allowed to stand at room temperature in the absence of oxyren. A
portion was recrystallized from absolute aleohol and melted sharply at 31°,
Inesmach as this constant does not agree with the melting point of 569
previously assigned to n-ocectadeeyl mereaptan (121), the material wes anaw
lyzed and subjected to the following rigorous confirmatory experinzents.
Anale Cslode for C, M, 81 S, 3.1.,3.§a. Foundt 8y 1l¢15 (Pourl tubs); 11.31

838
{Parr bomh)

bs Preparation of Leud n=Ostadecyl lisrcaptides, A4 small smount

(0408 go) of tDw n-cctadecyl mercaptan prepared above was dissolved in 3

say of a’bashaﬁs alechols dn alooholic solution of lesd acetste was udded
until ne more of the gellw lead mercaptide procipitated, This was filtered
off and weshed on & ﬁgmar funnel with several portions of hot alcohol, then
with hot acetone, and finally with warm ethers. ihe materisl melted sharply

at 110-111° in agreement with the value given by Bost end Fore (122).

(122) Bost anc Fore, J. Jme Chom. So6., 59, 2557 (1937).
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dissolved in 20 sc. of peiroleve @%;mf (Ve po 60-68°) and 0u46 ze (0402 e
atom} of sodium metal addede The sodium rsacted very slowly and the mixe
ture was heated -t§ effect roaction. After cooling, le12 e (0401 mole) of
2ylwdichloropropane (from acetons and phosphorus pentachlorides by the method
of ¥riedel and Ladenberg (124))wes sddeds After refluxzing for flve hours,
the mixbture was cooled, poured into water, and thenm heated on & stemas bath
to remove the scolvents The solld that separated (2.5 p.) wes remelied under
water several times, dried, and reeryastallized from acetones Ore and sevenw
tenths grams of pure materlal @ﬁ obtained whieh melted sharply at 40~40,5°
and proved to be idenbical with n-dodeeyl sulfide (mixed melting point 40=
40.5%) (126)s |

M&l' Caleds for 334%53 S, 84654 Founds Sg £.86.

1, Confirmation of Fermation of gniwée% Salfides. In order 4o cone

firm the identity of the product oblained in the resction irmediately above,

the following experiments were carried mﬁa

we Formation of n-bodecyl Sulfoxide. Following the method used

in zm preparation of neoctadeeyl sulfexide from n-octadeeyl sullide {lz6},
005 pe of the product from the above reaction between n~dodeeyl merseptan
end 2,2-dichlorepropune was oxidized to nedodeeyl sulfozide (ma pe 895«
90.8°) with dilute nitriec aeids  The yleld was gusntitative and a mixzed

melting point (125} with pure nedodecyl sulfoxide showed no depression.

(124) Friedel and Ladenberg, Anu., 142, 315 (1867).

{126) The p=dodeeyl sulfide, n~dodecyl sulfoxide and p~dodeeyl sulfone
used in these mixed mel¥ing point determinations have been preparod
by the author and the deseription of their preparetion apvears elsse-
where {ses ref. (B2)).

(126) 7This Thesls, pe 71 and refs (82)s
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be Formation of gwﬁ&&eeﬁ Sulfonss Ysing the methed deseribed

for the preparation of n-oetadecyl sulfone f‘rﬁm p=octadecyl sulfide (126 ),
1.0 ge of the p~dodeeyl suliide obtainsd above was converted to n=dodecyl
sulfone by the action of hydrogen peroxide in acetic scids The oxidized
product melted at $445~95.5° and when mixed with pure nedodeeyl sulfone

{128} the melting point remeined the sane.

T Attempled Rewetion between n-Dodecyl Hersaptan and Uiethyl Dibromow

Wl@ﬂa%m

1. %ith Adeoholic Polassium Hydroxide in Adre The exporiment was

sarried out under normel atmospheric eonditions, no sttempt being made %o
exclude the oxyzen of the &i?w To 4el ge (0«02 mole) of n~dodecyl mercaptan
was added & solution of 1412 pa (0.0% mole) of potessium hydroxide in 20 m;u
of absolute elechol. %o this was added 5.2 g {0401 mole) of diethyl die
bromomalonste (from melonic ester and bromine by the meihod of Conrad end
Sruckner (127))s An immediste precipitate appeared. The mixture was warme
ed for twenty mimites and filtered hot from the inorganic salt. Two und
seven~tenths rrams of lon: colorless reedles erystallized from the welle
conled filirate., When reorystullised from alochol these melted sharply st
5546 and when mized with pure n~dodesyl disulfide (1%8) peve no depression

in melting polint.

2+ ¥ith Aleoholic Potussium Hydroxide in Ritrogens In view of ihe

poasibllity of atmospherie oxypgen belng responsible for the ozldatien of the

(127) Conrsd and Eruckner, Bers, 24, 3001 (1881).

{128) 7This Thesis, pe 75.
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oedodecyl mercaplan Lo peacdecyl disuallide .ﬁ tao experimen. lmuedistely
above, the expériment was ropouted with the precsutlon of excluding eiy
by maipteining & nitrogen almosphere in the spperatus throughout the reace
tions The inorgsaie salt recovered ﬂwewwgwﬁﬁ bromide) voighed 1.87 ge
mw..imamwﬁaw*w gigulfide was @,,_mgwmmm in 844 of the btheoreticsl yield (5.3 Be)

and melbted ut 32-33".

Be With waﬁﬁﬁ An Fetroleum Finers In & %hird experiment, the
sodium pedodecyl mercaptide was prepared first by heating e petreleun |
sther solution of the mercaptan (2.0 pe, 001 mole} with 0«28 e (Oell ge
abom) of sodiwm until the lstter had prectically diseppeared. One and sixe |
tenths zrans (0.008 mole) of diethy dibromomslonato was edded and the mixw
ture rellured for three hourse. The ecoled preduet was poursd into water
wnd the oily leyer sepurated and drieds Upon reerystullization from sloo~
hnl, U8 ge of gg&.mw was obtained which melted at 40-40.5%, 4 mixed
smelting peint detemminatlion with pure pwdodsoyl sulfide showed no depres-
sione Three~tenths pram of the substance was oxidized with 3 cce of 307
hydrogen peroxide in 30 cce. of hol ascetie sclde The product obiained in
guantitative yleld proved to be n-dodeeyl sulfone (welting poirt and mixed

melting peint 94-95%,

Es Attempted Reaction between n~lodseyl Hersapten and Liethyl W~-Bromo-

succinates Potassiuvm hydroxilie (0.5 ge) was dissolved in alcohol

and added to Deb cee of u~dodecyl mercepiane To this wes added 0.0 oc. of
dlethyl A~bromosuccinate (129)e Au immediate precipitete formed and the

mizture wes heated and the solid flltered offs Upon goed cooling, & white

{128) Kindly provided by H. ¥. Leaper.



w 3] e

Y

cryastaliine product wes precipliabeds This was {lltered olf and found to

L]

melt st 81-32°%, arter reerystullization Crom alechel, the substanve melted
at 38%.5° and when mived with pure pedodécyl disulllide no chunge in meliing

point was observeds.

Fe Conversion of nelodecyl Yercaptan to nelodeeyl Bulfide with

Sodium in Petroleum ¥Ythers In order to throw light on the mechan-

ism of the formation of n-dedecyl sulfide from p~dodecyl mercapten under
the econditions of the experiments deseribed above v which sodium was allowe
ed to resct on the mereaptan in the presence of petroleum ether, the follow.
in; wodifiestion of & deseribed methed (130) for the formation of & sodiam
mereaptide was undertakens To 2 ga (0401 mole) of medodecyl mercaptan in
20 vl of gj@tral%tm ether {be pe Si}-ﬁﬁﬁ} was 400d Deld pe (0Dl go sbom)
of sodium metale tHe mizture was husted for three hours, cooled, &nd the
remaining sedium deatroyed by adding 10 ce. of slechels The produet was
pourad inte water and wermed wntil the orgenic meterial sepurated as an
oile Upon pood eoeling, the o0ll sclidifieds. The aqueous layer was decsnted
and the erystelline m@riéi sucoessively wmelted wund solidified in wuter
until the sguecus layer remsined clears The cooled solid was removed snd
reerystallized seversl times from absolute alcoohols Une (Tum 50%) of
pure material wus obbainsd whichk melted at 40=-41°%. The melting point was
not deprsessed when the compound wes mizmed with pure nwdodeeyl sullide.
Twowbantbs srass (0.001 zole) of Lhe sulfide was oxidized with hydroren
peroxide in aseetic scids n~ledecyl sulfone was oblsined in qthiﬁaﬁi??
(330} SBodium othyl mercuptide heas besn prepared bj;r widing the mﬁal,vAté *r

sther solutlen of the murcaptans. Cluesson, J. prakie. Chone,
16, 195 (1877)s
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yield (e pe 94,5-30,5 3 This material did not Jdepress the welting point

f pure nedodeoyl solfons.
Rcd

111 3&1f%ﬂ&ﬁiﬁﬁ‘g£ Lonpywchained atty éaiﬁs and ¥itriles.

Ae Abteunted Sulf nation of Stearonitrile.

ls  Aetisn of Cowcentrated §ulfurie scide Two prome of stearo=

e

nitrile was sdied to 10 co. of ecncentrated sulfurie aeid (sp. rr. l.84)

st room benpsreture snd the mixturs was stirred until all had digsolved.
ine solution was hesated orn e stesn bath for thirty mioutes, cooled, and
poured into waters 7The white solid thet precipiitsted was filtered off and
recrystallized from seetone until & constant welting point of 107° wes
abtainsd. This meterial proved to be stesramide, wnd & mixed meltinys point
with an authentic sample of the emide melbed st 107°. The yield of pure

compound was 1 ge (487 ).

Ze dotion of Concentrated Sullfurie Acld in Acetle inhydride.

Stearonibrils (5 »e) was added to & mixture of acetic anhydiride (8 pe)

raric acid {4 7o) in a lusk eguipped with a mechane
izal atirrers The mixbure was hepd ut 6% with stirring for two howrs end
a swaple was revoved and powred inte watere The resulting preciplitate was
ingoluble in waters

The ice bath was repleced by & stes:s etk and the tempesrature was kept
st lﬁﬁa for Pour hours. The mixtors was poured ints water. The very derk
product wes still water~isoluble, indiceting thet sulfonstlion hed not

gecurrad.

3. detion of Chlorosylfonie Acid. Three gcuble centimsters of
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chlorosalfonic aeld was added to 1 pe of sbesronitrile in & test tubs. The
tube was sliphily warsed and the reaction sterted, piviny off considerable
bydrogen aﬁ&xwm&» The mixture besame very dark in ecoler and the resction
was allowed Yo proesed until no more hydrogen chlorids was svelveds The
dark mass was poured into waler and the solidified product appearsd to be
ocomplebely inscluble, indiecating that in spite of the evidences ol resetiom,
water-solubilising sulfonle seld sroups hed not been Intraduced under these
eonditions. abtemplts to deeolorize snd purily the very dark material were

uneneesssfule

de wﬂﬁwg , mtm. Pumines Sulfurdie Aclde Thirby cuble centimgisrs of

fuming sulfuric aeid (205 S03) was placed in & thresenecksd flask gﬁwmym&w
with a mechanical stirrer and 3 g. (0.011 mole) of stearonitrile was grade
ually sdded. The apparatus weas partially imwersed in an iles bath and the
mixture wes stirred comstantly for six hours. {4n atiempt was made in one
sxperiment to eondunt the resction st room temperature. The reaction dbecame
vislent and blew out through the top of & water-cooled condenser)s The
stireine wag interrupted snd after standing at yroom temperature overnichi,
10 ooe more of fumine sulfuric seid was added. The mixbture was stirred
thres hours lonrer and was then poured onte 100 ge of lees. Practieslly

&ll of the very derk seid mixture dissolved in the melted ice and the rosule
ting solution was filtered, neutralised with bariun sarbonete, snd hested
o boilings. & mmawﬁaw funsal was emoplovsd to %www@w%@m the barium sulfate
from the hot solutione Dhe filirste was evaporated wmwwﬁwg_ aw,,u.mﬁamm on &
hot plate and the dryins was cautiously oompleted. One and twoetenths grems
{equivalent to 407 of the sbearenitrils) of Lrows erystalline material

rosaineds This substance would nobt peld, it cherred, lesvin: & bloek
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regidue inscluble ln walers The “rown svbstance was easily soluble in

-,

BENLOTO,

watoer but appesred te he insolubls in sthor, alochol, scohome,

garbon letruchloride and obhyl wootate. The odor wes not unlike thet of
1

clunwsone o atbompt was mede to rid the melerial from Lwpurities by roe

Coan wabter and evaporating Yo ineiplsut erystalliizstion, o

*
X

wethod could mev W oused to purily the subshance ue ne meteriul sopsrated
out until practically all ol the water had been remeveds & sodium fuslion
test lodioated the presesnce of both nibtropen and sullurs

Part of the brown substause (0« o) wes redissclved in water and
neulralized with & saturated solullion of sodium carbonste. The inssluble
bariua carionste that precipitated wes {iltersd off and ithe filtrate svapw~
oraled Lo inciplent crystallization. Upon stasding, a brown salt crystale
lized {presumably the sodium salt of & sullonic acid)e An attesmpt to cone
vert this to & sulfonamide through the sulfomnyl chloride by successive
treabnont with phosphorus pentaschloride and smmonis wes unsuccessl, the
resulting product beiny insoluble in orgssic solvents and soluble in water.

In snothsyr sxperiment the aguoocus sclution of the saulfonated nitrils
was treated with milk of lime until the solutlion was barely alkuline to
phenolphttnleine The solution wea hested to BO® snd the caleiwn sulfate
filtered off. The filtrate was svaporated to dryness and the residus dlse
solved in 50 coe of waters The Tiltsred solutisn was treated with saturated
sodium carbomate solution until no =more ealelium carbonats was precipltuted.
ihe caleinm sarbmate was filtered off and the filirate evaporated to drye
ne8%s sbe dark residue was unchanged afber several btreatments with unimel
charcoal and efforts to resolve the subsiance Into recognisable material

wxb with no 81008088,
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Ba Sulformbion ﬁ g@mxiﬁ Aeide

le Action of Fuming Sulfurie heid in Istrachloroethanes Iwenty

grams of stearic acid, 50 g of fuming sulfurie seid {207 804), and 100 cce
af tetrachloresthane were placed in & [lask equipped with sn eofficient
stirrer. The mixture was atirred vigorously at lee bath temperature for
nine heurs and then at room temperature for six deys. 4 separatory fumci
wes usad to separate the two lasyers snd the upper {tetrschloroethene) luyer
was steam-distilled to remove taa.# solvent. Upon cooling, the residue solide
~ ifiede This was filtered off snd dried. Ninsteen ;rams of mﬂ:&r&.&}. wes |
obtainsds Upon & sin:zle rescrystallisstion from acetone the product melted
8t 88,5+69.5° and when mixzed with pure stesric acid the seme mslting point
wag cbserved. The 19 g. of aeid represented & 857 recovery of the starting

£« actlon of Chlerosulfonic Acld im Carbon Tetrachloride. Twenty

grans {D.07 mole) of stearis scid, 18 ge (0.14 mole) of chloresulfonic aoid,
snd 100 ce. of carbon tetrachloride wers placed in a flask snd atirm in
an ice bath for nine hours snd them st room Ytesperature for six days. The
mixture was slowly poured inte water, whersupon hydrolysis of the chloroe
sulfonic seld resulted in the formation of hsal end the evolution of cone
siderable hydrogen chlerides Upon ecoling, erystals were formed. The
entire mixture was placed in & large {lask and the carbon tetrashloride

was steamedistillod offe The residue purtly solidified on cooling. The
solid was filtered off snd the dried product welghed 18.8 g+ Upon recrys=
tallization from mcebone the material melted st £8.5-68.5% 4 mixture with

pare stearic acid melted st the same temperature. The yleld repreosented e
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824 recovery of ths original stesric acid.

S Aetion of Puming Sulfuric Acld st Room Temperature. Iwenty

grams of steurie soid was graduslly edded to 60 cce of fumin: sulfurie
soid (204 50g) in & flask that was cooled in sn ice bath. The mixture was
stirred under these conditions for five hourse & small portion of the
zixture was removed and was found to be water-insoluble, The ice bath

was removed and the stirrins conbtinued st room temparsture overnizht, The
dark scid mixture was poured ianto ilce water and after standing for one hour
was warmed sufficiently to melt the separsted solid, The material that
solidified on cooling was removed and washed well with water. The dried
product weighed 15 g UYpon recrystellization from scstons this melted at
88-70% and when mized with pure stesric acid the melting point was not
depressed. Seventy-f'ive per cent of the orizinsl stearle scid was recoverw

ode

4. action of Fuming Sulfurio ieid st 50°, Preliminary experi-
monts showed that it was necessary to add the fuming seid very gradually
to stearic seld and to keep the mixture cool during the additions Uther=
wise, the rescition became uncontrolleble sand fosmed out of the flusk.

One mole (284 p.) of stearic acid was placed in a liter three-nscked
flask squipped with a stirrer. Pour lundred cuble centimeters of fuming
sulfurie acid (30X 305) was very slowly sdded over & pericd of two days.
The mixture wes allowed to stend st room tenperature for twe days morse,
after which time the greater part of the stesric acid had passed into
solution. The material was cauticusly hested to 50° and held at that

temperature with stirring for ten hours. After allowing the mixture %o
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DISCUS8ION

The essential purposes of these imvﬁﬁtigﬁﬁi&n@‘&s stated in an iabroe-
duetory paregraph were fourfold: (1) o examine the limits of homolopy s
applied to lengechained anitrogen end sulfur compounds, {2) to invesbisate
the possibilidies of now compounds &s derivatives for the idsniificetion of
long~chained moleculasg, {2} tc é@vwlag techolgess {or applying resctions of
shortechained sliphatic compounds to longwchained homelops, and {4) to proe
duce new compounds which hold the possibility of becoming commercially usew
ful themselves or which mey serve &8 intermediasbtes [or further work toward
that ends The sim of this discussion is to peint oubt, where possible, the
succogs or fallurs of the sceomplishment of these objectives.

Before anbering upon & ciseussion of the wpplicetlon of the limits of
hamology to aliphutic nitrogen mnd &ulfﬁf compounds it seems dssirable to
clarify the intended meaning of the word "homology". Eriefly, the word as
defined in & chemical semse by Webster's Dictionary (181) means "the rela~-
tion existing belwesn the compounds af & series whose successive members
possess, in addition to similarity of ebructare, & regular difference in
formula™e To be more explieit in denoting the meaning of the word as it
is used in this thesis it might be stated that a siven member of & homolo
rous sariaé differs from the preceding or succeeding member by a constant
difference, Clgs Furthermore, it has been considered that branched-chained
compound s are not tc be placed in the same homologous series with normel
straight~-chained compounds. This dafinition is given in oon%raaﬁvﬁe the
{121) Yoah Webster, "iebster's Hew Imternational Dictionary,” Second

Edition, Unebridpged, €. and C. ¥Merrism and Co., Springfield, Hasa.
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interpretation of Whitmore (37} who has considersd the class of saloohols,
regurdless of whether they be primery, sccondary, or tertiary as helonging
. te the same homolopous seriss. The application of the vhensmenon of homolw

#

oy 88 applied Yo highemolecunlar-welpghi fatty acld derivetives has been
diseussed Ly McCorkls {132) and an excellent resvmé of the limits of homolw
ory in lonpgwehsined aliphatic compounds in prenersl has been civen hy Hoybt
(133)s 4s Kamn has stated (134), “the existence of homolopy is of fundem
mental ifmportance for two reesors:s (1) the chemicel pmpartiés nf every
membey of & hmalagms series ure the same; they differ only in the speed
of reaction, not in the kind of resction, and (2) the physical properties
of the members of a piven homologous series are different™. 4s has been
stated, one of the purposes of thess investigations has been to discover
the extent %o which these features of true miagy can be ocarried into
'tha realm of high-molecular-wsight aliphatie nitrogen aund sulfur compounds.
The lirst series of compounds that was examined wes the n-octadecyl~
smine selts of an extended group of normsl fatty acids. Among those pree-
pured were the salts of all the normel acids from formic. to ecaproic and of
the evenwchained nermal acide from c¢aprylic to stearic, inclusive. Esch
of the wcids reseted readily with p-octudecylamine and the conditions
required for salt formation were the same for each wember of the series.
This result was to be expected inasmuch as salt formetion ig an ionic reace
tion and there is little change in the jonization constants of the normel
fatty acids as the serios is ascended. It is of particular interest,
(132) ¥MeCorkle, Doctoral Dissertation, lowa State Collepe (1938).
{133} %iefﬁ;, voctoral Dissertation, Iows State Collepe (1940).

(154) Kaam, "Oualitative Organic Analysis®, Jobn Wiley and Sons, bew York
' {1938), pe 5e
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however, thet the conditlions regquired for the Fformetion of the Fesubstituted
umldes from the corresponding sslte were practioally the sams for all neme
bers of the series sbudieds This 1llustrabes to an unususl depres the
similarity in resctlion of the menbers of this extended homologous seriess

The ecurves obteined by plotting the meltins points of the salts and
of the amides srminst the number of carbons in the parent acids (Fige I)
prosent interesting exanples of the chenpge of this physical property with
ehain length (136). The Iirst member, ss uamai, is snomalous, but the suae
ceuding members fall on definite curves which exhibit u minimum point ut
sizx curbons in the case of the salies and at four Lo five cerbons in the case
ol the amides. This type :.%f melting polnt curve is not unmusuel with longe
chalined eompounds and Robertson {28) has cbserved similer curves in his
studies with a number of smides of these seme fatty acids.

the appreciable éiff@imm in melting poinis ohserved in the series
of nwootadesylawine saltis of the normel f‘mﬁy ucids suppests the use of
these compounds ss deriwatives for the identification of these and other
seidss The salts sre easily prepared in very pood yields, and upon simple
heating are converted to the mmides which wmmy be used as conflirmatory derive
atives. However, as is the cuse w%i:a wost compoundz contalning long aliphate
ic chains, mixed melting point determinstions are of questiciable walue in
proving the identity of thess substaness. This is true becsuse only very
slizht deprsssions are observed when mixtures of contigecus senbers in &
series of such compounds sre melted (136 Yo |
{136) The preater part of the duts in Fis. I has been taken from & paper

by the sathor {28}

{136 ) Compare with the ohservaticns of Filmen and Ford {z&), and of
Harber {rof. (11} pe 137)e
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not sgsential, and wlthourh eordaln advantares are Lo be jained by m%u.ww»t
sation of the salt bsfore pyrolysis is aprlisd, pood yields of amides have
been obtsined by Uarber (11} by heating equimolsr guantities of the acid
apd amine. |

The pyrolysis of the amine salts of anoie Eﬂﬁ other suzar acids leads
to extensive decomposition with the formation of pyrrole derivatives. This
rengiion was mﬁ@gmm%ﬁwwww%mwwam to the preparstion of Fen-octadecylw
pyrroles The produet is & crystellise solid which melts at 75% Similar
m,_.ana;ﬁmm was experienced in exbending the resctlion of l,4-diketones with
anines to form long-chalosd substituted pyrroles. Thus, scetonylacetone
rescted with great ease with both n-dodecyle and p-octadeylamine Lo form
the sorresponding Healkyle2,S~dimethylpyrroles. The n~octadecyl derivas
tive is & low-melting s0lid (me pe 40°) and the nedodeoyl homolog is &
1iguid which bolls st 138-240° at 1 mm. wwwag&f Both of theseo sompounds
are guits unstable in alr, snd gradually undergoe oxidation when oxposed
o the sinosphores. Hors atalle substances were produced by treating die
ethyl discetylsuccinate with sach of the two aminsse 7his l,4=~diketone
contuing esterilisd ecarboxyl groups whioch offectively stabilize the resuli~
ing pyrrole derivativess 1he resction of both pedodecyl~ and n-cotadecyl~
asmine with disthyl diescetylsuccinate procesds gpontansously on sixine, &ﬁ.
appaars o be guantitatives This type of reasstion, becsuse it is ﬂﬁg\nw;‘
tative, 1s of partioulsr velue with lonse-chalned «ggﬁww since the ‘wﬂagaﬁ
of separsting wnrescied muterisl from the products is often ﬁwmw%uﬁ in
cases where resctions of such g&wﬁaﬁ. de not go Yo completions HNenw
debadesyls2,i=dimethyle3,4-dicarbosthoxypyrrole, which was produced when

- peoctadecylamine and diethyl discelylsuccinsie were warmed torothor, is
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2 low-selting solid (me pe 38459) which was purified by e single recrys-
tallization from slochols Ihe corresponding Nenedodeeyl derivative is &
high=boiling liguid (be pe 240=243%/0.5 mm.) and consequently was less
sasily purifieds Bolh cumpounds were hydrolysed to ithe corresponding die
aclds. These aesids, sz well as the esters, are stable compounds and might
woll be tested for inseoctleidal wobivity in view of the sugpested use of
lower-molssular-weight pyrrole derivatives for this purposs (52).

The reactions of lonpgecheined smines to form pyrrole derivatives are
the same as the similar rswctionz ol the lower-moleculsr~welght wliphatile
amines and szain exesplify the principle of homologye

Although the mebthod of preparation of several of thw lengw=cheined
pyrrole. dariwt;ws' i‘rm&; amines is simple, the melbting points are usually
too low for the m{guiramm%; of rood éﬁfiﬂtﬁ%&a The Realkylw2,6-dimethyl=
3ydmdicarboxypyrroles are considerably higher meltiny than other pyrrols
derivatives deseribed in this work, bt they are less easily prepared then

are other ocompounds which may be used for the identirfication of 1%3;—@%1&%

ad aminesa

Experiments directed toward the conversion of n-dedeoylemine to n=
dodecanol by means éf nitrous scid guve relatively poor vields (277) of
this alochols The resotion product contained large smounts of solid
moterial as well as considerable n~-dodecene~l. The solid meterial ylelded
& nitropen~containing substance which was not identifieds & smsll amount
of & nitrosoc compound {poesibly dodooyl nitrite) snd & halogenuted compound
{probably dodeeyl chloride) were also detected amons the productss These

results are egsentially in agreesent with the previously meantioned work of
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investigators and the present experiments were confined primarily to the
establishment of the structure of the nitrated materisls From the several
sxporiments thet were conducted it is spraresnt thet fuming sltric scid is
cavable of mone-nitrating laurie seide The isolstion of the nitro sold it
‘pelf wes mt ascompliched, but esterification of the mixed resction preducts
yielded a constant-bolling fmetim that was shown to be ethyl nitro-lsurate.
When attespts were made to distill the unesterified reaction products, de=
a@mgi’tim set in, and the resulting hish~beiling eil thut was obtained
was vory diffioult to purilys The apparent loss of curbon dioxide during
the distillation is to be expscted of an X-nitre socid, and it seems m\sﬁ
rrobable that the resulting yellow oil was nitroundecans. Althsugh the
nitrated material was constunt-boiling it contrined a non-nitrogencus scid
which sould be partially resoved by repeated washings with hot waters The
 propertiss of the soid sgree with thoss of sebacic scid. Complete removal
of the secld was not secomplisbed in spite of eshaustive treatment with hot
water and the residual oil gave low nitrogen analyses. Attempis to reduce
the material to an smine wers unsuccessful. In spite of the conflicting
data that hsg thus fer been obtained on the nitrated lauric acid it seens
témt the moet reasonable interpretation of the v@emm would im}.ade' the
formation of X=-nitrolauric acid and the subsequent decarboxylation of this
unstable moleeuls to nitroundecans. Furthsr expsriments will be reguired
o definitely establish this meshanieom.

Paming nitric aold rescied with othyl laurste %o yield lauric acid,
oxidstion produets, and the sawe higheboilling nitrated sil that was obteine
ed frosm the nitration of lsurie seids Hydrolysis took pluce under these

eonditions and the produets recovered included no esterified material.
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dehydreting apent was of no ¢ffset and the mercaptean was recoversd une
ghangeds Sevorsl modified reactions were desicned to yleld the desired

type of product, et in no case was the antielpated eonpound formeds 2,
Z-Diehloropropane, diethyl dibromommlonate, end diethyl o(-bromosuccinate
sach failed Yo reset with nedodeeyl mercaptan, but auch romnetions yislded,
instead, n-dodeoyl Jisulfide or pedodecyl sulfide, dependiny on the conw
ditlons used %o prepure the metal mercaptide. It was obssrved that in
every case where aleohelic potassium hydroxide was used %o form the mers
captide, nwdodecyl disvlfide was the produets Inesmich as tho same resuld
could be oblained in the absence of oxypen it was apparent that the sotive
heloyen atoms in halogenated eompounds soted as tha oxidizin: sgent and
converted the mersaptan to the disulfides. The oxidative aectlion of hale-
penated oompounts op meroaplens has been previocusly observed (140}, In
cases whare sodium motel waes used to lornm the metal mereapiide, the product
was salways n-dodecyl sulfide. The fovmation of thls product was somewhat
surprising sad & more eritiosl study of the reaction showed that sodium
wetal alome iz gsapable of converiing the merospian to the sulfide. 2 review
,mi‘ the literature has falled io rewsal other exanples 5}? this type of re~
sctions Howewer, Claesson (130) observed that sodium othyl mercaptide could
be prepared by adding sodium metal directly to the mereapian, or mere sulte
ably to &n ether solution of the merespiane lie slso observed thet the |
sodium mercaptide could 2:# heated to 200% without deconmposition. Above

that tempsrature it decomposed into sthyl sulfide end msdiup sulfides The
resction mixtures in the present experiments were nevar hested ahove the

{140} (a) Nekrosov and Melnikov, Her., 82 B, 2081 {1929),
(b) Zeigler and Connor, J. fme Chem. Soc., 92, 2506 (1840).
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bolling zolnd of water, but it is comeslvable that the lomp-chained mersape
tides nre nors sanlly degomposed than sodiunm ethyl merceptides. The failure
of nedodesyl mereaptan to react with sectone ymst be ssoribed to the lower
roesotlivity of the rnereapbtan and would seem to indicate & limitation in the
spplication of the principle of homolory to compounde of hizhemolaculer-
welrhte

The longechained mercapisns inclnded in this work have asppesred prew
viougly in thy literature, but uncertainties exist regarding the melting
point reported for n-octadecyl mereaptan. Collin and cowworkers ﬁm& cive
56° s the meltins point of this substance. The cowpound deseribed im this
thesls melted sherply st 21° and was converted to derivatives whose constants
are in complete agrsement with those proeviously reporteds The lower melie
ing point for the merecaptan is indicated in the report of Bnell end Welssw
verger (141) vho descride nwoctsdesyl merceptan ms & viscous liguid boiling
at 165-170% ot 1 mms Im view of the ;reat eass with which ths merospian
miy be oxidized Yo the higheremslting disulfide it seems quite probable
that the product obteined by follin was & mixture of the mercapten end the
disulfides

Stearoniirile was successfully converted to waler-soluble material by
means of fuming: sulfuric acids Concentrated sulfuric scid did not sulfonate
the nityrile, but this reszent brought sbout hydrolysis to form stearsmide.
& mizture of coneentrated sulfuric seld in scetic anhyiride and chlorosule
fonic acid alone were asach incepable of introdueing sulfenic acld groups
into the molecule under the conditions employed. Puming sulfurie aeid,

hovever, converbtod the nitrile into sulfunsted water-soluble material which

(141) Snell and Welssberger, J» ine Chome Soc., 61, 489 (1989).
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was recovered as the barium salt in 40% yielde The dark water-soluble
salt wﬁaa indications of the presence of nitrogen and sulfur but was not
purified sulffieclently to permit sipnificant analysis.

Stearie scid was unattacked by mixtures of fuming sulfurie acid in
tetrashloreethans, chlorosulfonic meid in carbon tetrschleride, nor by
fuming sulfuric acid alons at room tempersture. WWith ?ﬁ% salfuric at
50°, nowever, & vigorous resction took place and conslderable sulfur dlome
ide was evolved, indicating thet oxidation was taking place. Part of the
stearic acid becsase soluble in weater and neutralizstion of the aqueous
solution with barium carbouste vislded a derk brown water-soluble barium
salts The soluble material that was recovereé represented 187 of the
gtoaric seid used in the resetions Furiflieation of the salt was achlieved
by precipitation of the mabterial in slechols Parium analyses indicated
the siructure of the oompound as the barius sslt of monowsulfonated stearie
noida .

These results show that the gulfonation of longechained aliphatie
nitriles and fatty acids is possible. Extensive oxidation sccompunies the
reaction and renders the parificetion of the extremely wawﬁwwa sulfoneted

material 4ifficult.
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of lew~molecular weight campounds to Lhe correspondiny lonpwcheined typese.
Uses have Yeen proposed for many of the new compounds and some of the

substances hold the possibility of heeoming commsroially importente
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