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IRTROIUCTION

The phenomencn of homology hea long been of service in organie
rezearch as a basis for predicting the properties and behavior of the
nenbers of a series of éonpomdq cortaining aliphatic radicals of
regularly varied length. In most cases, however, the investigations
heve included only compounds with relatively short aliphatic cheins, and
doubt hes often arisen ss to whether the gradation in physicsl proper-
ties and the similarities of resction observed in the lower members of
sn homologous series would appear also in the higher members., Further~
more, the length to which the sarbon chain ¢en be extended before the
sompound cerses o oonform to predictions mede upon the basis of
homology also has been a point of contention.

It is generally mssumed that the phenomenon of homology is
exhibited thgn members of a seriee underge the same kinda of reactions,
but et different rates, or when, for s given gseries of like compounds,
physioal properties vary regularly with molecular weight. Hence it is
necessary to study both the reactions and the properties of the sup-
posed homoleogs if valid ooneiuaions regarding the application of the
theory are to be drawn, Moreover, it seems necessary to stipulate thet
normal-chained members of & series be eompared only with other normal-

chained menbers, if oriticismse arising from snomalous reactions of
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certain branched-chain compounds are to be avoided,

In order to fulfil these conditions, the investigations described
in this theals were concerned with a consideradble number of types of
reactions in which only compounds having normsl long~chained radicals
were employed. The purpose of the investigations was tc provide certain
new data relative to the limits of applicetion of the phencmencn of
homology, snd concurrently, t¢ prepare compounds which might serve as
derivetives for perent long-chaimed eompounds, or which might exhibit
sone other useful property.

Before 2 more detailed description of the scope and purposes of
the experimental work is given, it seems advisuble first to consider
more fully the development of the homology primciple a&nd to point out
some existing limitations of its epplication.
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HILSTORICAL

1. ZIhe Development of the Concept of Homology.

The development of the concept of homology had its inception in
the proposals edvuanced by Laurent (1), who suggested & tentative grouping
of orgenic compounds on the basis of the hydrocarbons, the laetter being
designated as the "fundamental radicels™ which gave rise to other com=
pounds by loss or substitution of hydrogen atoms, Through his tzbule~
tions of derivatives from ths same parent hydrocarbon and discussion of
the relations made evident by such arrangements, Leurent may be said to
have exposed the germ of the concept of homology.

A few years later Dumes and Stas (2) published a table in which
the members were arrenged according to types; thet is, general formulsas
for the alcohols, esters, and aldehydes corresponding to e series of
sarboxylic scids were tsbulated, The muthorse polinted out that relstion~
ships in mode of formation existed eamong the types comprising the various
series, and also, thut there existed many ex=mmples of isomerism among
the types corresponding to any one &cid. Thus the obssrvationa of these

investigators marked a further step toward the formulation of the

{1) Laurent, Apn. chim. phys., [&/ 61, 125 (1836).
{2) Dumas and Stas, ibid., /Z/ 73, 165 (1840},



-1 -

homology concept, elthough neither they nor Leurent had made specific
statezents as to actusl methematicsl relationships which might exist,
Such observations were s0on forthooming, however, for two years
later Kopp (3) published the results of & preliminary investigstion
of the etomic volumes (4) and boiling points of seversl series of
organie compounds, Upon the basis of his findings, he concluded that
the difference in stomic volume betwesn each methyl compoumd and the
corresponding ethyl compound was approximately 234, the ethyl compound
having the higher velus, while the boiling point difference for each
pair was 18°, Not only did Kopp point out the sxistence of thesse
constants, but he slse suggested that they would be useful in the
investigation of amalogous ecompounds and turned further effort toward
illustretion of the value of such generslizations, In the seme yesr
ancther paper {£) by Kopp appearsd, inm whieh & taubular arrangement of a
generalized series of analogous compounds was shown to be useful in
predioting the specific gravity and boiling point of any term from the
knowledge of the specific volumes and bolling points for the terms of
one vertiesl and one horizontal row of the table, In azddition to thias,

the relation of boiling point chenge to substitution of hydrogen by

(%) Kopp, Amn., 41, 79 (1842).
{4) Later changed to specific volume. See ref. {5).
{5) Kopp, Arp., 41, 169 (1842).
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chlorine was discussed and examples givern to show that the numerical
changs in the beiling polnt due to replacement of one hydrogen by
¢hlorine was about 12°, For example, “scetic ecid hydrste,™ C Hg04,
boiled at 120° while "ehlorscetic aeid hydrate,” C H,Cl:0,, bolled at
198°%, the difference in boiling points being 75°, or 12° per chlorine
atonm,

The valus of these publications was emphasized by Justus Liedbig
{6), who stated that the generalizations of Kopp were of great velus
as s means of investigating the correctness of an observation, a means
which had not been at hsnd previocusly and which would ensble more
relisble coneclusions upon the purity of the substance studied,

4 few months after Kopp's work appeared, Schiel {7) cmlled atten~
tion to the regularities in boiling points of the known eleohols,
regulerities which egreed with those of the parent radicels, or »
hydroearbons. He included the aleohols containing one, two, three,
five, sixteen, snd twenty~four osrbon stome, and noted that the boliling
point of the five carbon member (amyl) could be expressed zs the sum
of that of the two cerbon member {ethyl) plus a multiple of the differe
ence in boiling points of the one and two carbon members. Since the
aleohol havin‘g’ the three carbom radical, glyceryl, did not exhibit the

gsame types of reseiion as the other members, Schiel concluded that it

(7) Schiel, Ann., 43, 107 (1842},
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did pot belong in this particular series, but wzs & unit of some other
series, Although Schiel did not mention Kopp'e work, he confirmed
Kopp's finding that the difference betwsen the boiling points of
members of 2 series is about 18°, and furthermore extended it beyond
the first two members., Here, then, in Schiel's exposition of boiling
point regularities and exclusion of glyceryl alcobol from the series
because of resctions unlike those of other members, liea the beginning
of the phenomenon of homology, although its designation as such was yet
to come, Observations somewhst similar to those of Schiel were made
shortly thereafter by Dumas (8), founded upon his errangement of the
fetty selds in & series which began with formie eeid and included
acetic, butyrio, isowveleric, palmitie, and steeric =cids, and which
exhibited regularities in bolling points and chemiesl properties,

Thus the observations, generslizetions, snd idess which had
appearesd still swaited consolidation into a more general apd distinc~
tive unit, designated dy s unique terminology. The awsited organiza=
tion into & usable form wes not long in coming, for Gerhardt (9) soon
published the prineciples of 2 new classification called gerisl, in
which he gave & elear exposition of the relations between members of
{8) Dumss, Traite de Chimte, &, 577 (1843), [Grignard, "Traite de

Chimie Organique,” Masson, Paris (1933) Vol. I, p. 826,/
{9) Gerhardt, "Precis de Chimie Orgunigue™ (1844), snd "Treite de

Chimie Organique” (1853). /Grignard, "Traite de Chimie Organigue,®
Heseon, Paris (1935) Vol. I, p. 832
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& series; and in which, for the first time, those members were desig-
nated as homologs, end thelr relations as homology. In his discussion,
Gerbardt observed that when a large number of compounds bad been
arranged im & number of groups or series, eny member which resembled
any other of the same series to a higher degree, in turn resembled all
the other members of the same series, and in consequence, underwent
more or less generally the pume types of reaotion, Furthermore, this
relationship was most pronounced among the members whose composition
differed only by n~CBp~, n being an integer. It was specifically to
these compounds that he gave the name homologs. As exsmples of series
in which homology existed, Gerhardt cited the derivetion from formie
seid of a hydrocarbon, an'aleohol, and an seter, snd similar derive-
tions from proploniec acid, butyric scid, and valeric scids, Then the
relationships of the corresponding members, for example, the alechols,
from each of these several series was termed homclogy. Furthermore,

he emphasiged the difference between homologe, compounds whieh differed
by n-CHy-, snd isologs, such &s acetic acid and banzoiéracid, which hed
the same function but did not differ by n-CHp~. According %o Gerhardt,
the serial classifiecztion wes of advantsge lesz for a methodical
grouping of the compounds clready known thon for predicting the
existence of unknown compounds whose properties it would mske known

in advence.

That Gerhardt's propesed classification soon wes szccepted by his
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contemporaries was ghown shortly sfterward ip & publication by Kopp
{10) in which it was remarked that there wers series of compounds inm
organic chenlstry wherein the members of each series were charscter-
ized by aspeeiélly great analogy in chemical properties, formetion, ond
decomposition, and that these homologous substznoes, distinguished in
thair make-up by »~CH,~, exhibited a proportionelity between'boiling
point differences and dirferon&us in econstitution. Furthermors, it waa
emphesized that substances which did not differ by -CHy,-, or = multiple
thereof, were not homologs, while at the sume time, compounds having
formules differing only by =CHy- or ~ were not definitely mlogs,
due to the possibility of isomeriem.

Almost & decede l@ter there appeared & psper by Schiel (11), con=
cerning the phenomenon of homology end physieal properties of homolo-
gous substances, There 1t woe stuted that the existence of prOgressiyc.
or hnmolog?us. series in organic chemistry was now definite, and thgt
the use of a general formula for designation of all the mesmbers of a
series wes entirely correct. Despite the fact that he was hampered
by insufiiecient and inaccurste éata, Sehiel proposed a mathod for
ealculating the heat of vaporization of the members of such = series,
which gave fairly good‘ag*esment with the walunes zctually found by

experiment. Ancother interesting point wes the irregularity noticed

{10) Kopp, Pogg. Apm., [¥7 81, 374 (1850).

(11) Sebiel, Ann., 120, 141 {1659).
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in the falty scld series, v series which will find later mention ip
regayd to the alternation in its properties. It is of interest,
furthermore, thet cetyl alcohol, & long~chained compound, agein wes'
one of the eompounds inciuded in the investigution,

Following Schlel’s work, there eppecred the resulte of & study of
Americsn petroleun by Schorlemmer (12), in which, although relations
between boiling poimt znd constitution were not mentioned, it was
stated that frectionpal distillation afforded separation of the many
homologous compounds present in the petroleum, snd that these wers
hydrocarbons, expressed by the general formula, CpHgpize Thue, further
progrees of the concept of homology is indiemted, in great purt due to
advanpces in apaliyiieal procedures znd to corrsetions in atomie weight
yaiues, guch that the identities snd true proportivns of the various
elements in & compound were mow fauirly definite, enabling the esteblishe
ment of gemersl formulas.

Thus fur, moat of the invesiigetions hud been confined to the
nermel~chained compounds, perhups bedsuse o uncertainties in struciure
deterninutions, but & few yeers luter Schorleumer {13} essayed the
formulution of the relationships baetween the briling points and conati-
tution of normsl end branched chain compounds. The hydrocarbons whose

structeres were known with some certainty were divided inte four groups

(12) Schorlemmer, Ann., 136, 257 {1865).

{(13) Schorleamer, Ann., 147, 219 (1868).
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sz follows: first, kydroearbons in which no ecerbon atom was Joined to
nore then two others, such a&s ethane and hexane} second, hydrocarbons
gnslogous to leopsmtane or isodbutane, having a skeleton derived by
attaching a aimplé chain to the middle ceerbon stom of propane; third,
hydrocarbons containing two iso~-propyl groups, one at either end of a
chain; and fourth, hydrocerbons Imviﬁg one carbon atom joined to four
others, only one exampls being known st the time, This weas “earb-
dimethyl~disthyl” (14) (3,%-dimethyl pentane}, For the first group
it was observed that =s the normal chain was increased by one carbon
atom, the boiling point increased by about 310, The seme fact spplied
to the second group, but & member of the second group boiled lower than
the corresvonding wember (seme number of carbone) in the first group.
In the third group, however, the boiling point difference averaged only
26% but the boiling point of esch member still was lower than &
corresponding member of the second group. For exampls, "di-igobutyl®
{2,5-dimethy)l octane) of the third group bolled at 1099, while “octyl
hydride (n-octane} of the second group boiled at 1£39,

Yet another paper {15} by the same author e¢oncerning the hydro-
carbons appeered a few years later, the investigationa having returned

to the normal hydrocarbons, now designated ss parsffins, in accordance

{14) Friedel and Ledenburg, Amn., 142, 310 (1B67).

(15) Schorlemmer, Ann., 161, 281 (1872).
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with the nomenclature of Fownes {16). The known normsl paraffins were
listed, together with their boiling points, snd it wse demonstrated
thet for the five hydrocarbons beginning with butune and ending with
ootane, the difference in boiling points between successive members
decressed gradually from 37° to 25°. Furthermore, the temperature
interval between the differences for each successive pair, beginning
with the pair butane-pentane, were comstant and equel to 4°. But, the
intervals from octane to dodecans and from dodecane to hexadecane were
almost the same, 76°, or 4 x 19%, indicating that with the higher, longe
chained members, the difference from member tc member had become
smeller and almost constant,

Interesting though these regularities were, more lnteresiting to
Baeyer (17} were the irregulerities which he found in comparing the
melting points of sucoeasive homologs of acetic aeid, for, as the
length of the earbon chain increased, the melting points alternated,
the odd-ocarboned acid heving & lower melting point than the aucceeding
sven~carboned acid. However, the melting points of the even-cerboned
members of the series end those of the odd~carboned membars formed two
regularly increasing séries. For the higher fatty scids, Baeyer come
pared synthetic margarie acid (Cy;) with pelmitic acid (Cjg) xnd found
{16) Fownes, "Flementary Chewistry,* 10th Ed., Henry C. Les, Philadel-

phiz (1874) p. 474,

(17) Baeyer, Ber., 10, 1286 (1877).
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that the relation wes the ssme but the diffsrence smaslleri zand cops
¢luded that the alternation rule beld for the higher scids zlsc. A8 2
regult of his lindings, the suthor suggested that cther homologous
sories derived from the acids be examined for such zltermstion, which,
if existont, should stimulate interest in determining whether other
fundamental physiecal proportiés woere of slternate value, dependant upon
the number of carbon atoms contsined in the molecule, As will be shown
later, Baeyer's suggestion wus indeed reslized, for the alternation of
physieal properties of the faity sclds znd derivetives hus since been
the subjeet of numerous publiestions relating to the phencuzencn of
homologye

In the decede following the appearence of Baeyer's observetions
on the fatty zoids, divers papers concerning the phenomenon of homology
a8 regards the relstlon between physical properties and structure
éppe&rcd in the literature. among these was that of Schroeder (18) who
tabulated the data for several groups of compounds where one homologous
acid served &8 the parent for u group, the compounds being the ketone,
methyl ester, snd scid cohloride., Frow scetie acid, for exsmple, the
group was aeeiane. methyl acetate, snd acetyl chloride, Strikingly
enough, the bolling points for the members of each group vere' the same,

Therefors, he concluded that the groups -GOGHS, ~CO00CHn, =nd -COCl were

(18) Schreeder, Ber., 16, 1312 (1883).
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sguivalent in effect upon boiling point. Furthemmore, he demonatrated
the presesnce of &n homologuus aeriss; for, s the parent acids increased
in chein length, the boiling points of the derived groups increessd
alB80.

Shortly aft@rward,i Groshaus {19} presented a methoé for the cale
- culation of the boiling poinis of the simple ethers up o di-p~heayl
ether, ané for the nomal clechols of from cne to twelve curbon atoms,
The ealculated velues, based on demsity relutions of the members of an
homologous series, showed good tgreement with those observed., Subse=
quent papers (éo) by the saue author extended the caleulations to series
of nitriles, amines, apd alkyl chlorides, znd in z2ll cuses the ealculated
boiling points agreed well with those observed.

At ubout the same time, Gertemweister (21) in studies of the
specific volumes of organic compounds, observed & genersl mnd yuite
regulsr increase in specific volwse with imereesing chein lerngth for a
lsrge number of homologous esters of fatty acids, including the esters
from methyl to oetyl of the acids acetic 1o nonenoice

Observations aimilar Yo those of Gartermeister wers mude by

Lossen {22}, who investiguted the relution between moleecular volume and

{19) oroshens, Ree. itrave chim., 4, 153 (1885),
(20) Groshens, 1bid., 4, 2438, 258 (1885); 5, 118 (1886).
{21) Gartemmeister, Ann., 233, 249 (1886).

(22) Lossen, Ann., 243, 64 (1888).



ehain length for several homologous series, smopg the members of which
were long=chained alcohols, zoids, nitriles, and hydroearbons, includ-
ing the C,g members of all four series. It was shown for these
series that un increment of ~CHo~ in chain lemgth corresponded to a
ecopstant inerement in the molecular volume. Also of interest is that
Loszen defined homologs as compounds which huve the formula R(CH,) R
and differ in congtitution only by &n incresse in the value of n.
Further attention to reletions existing betwesn physicel properties
and structure was given by Dobrimer {23} in a study of the boiling
points snd specific volumes of u series of alkyl ethers, such as
methyl propyl ether, methyl butyl ether, snd methyl smyl ether, ¥itk
sueh homologous ethers, the specific volume chmnged more regularly then

did the bolling point,
During the next few yeurs there appeared the results of several

investigetions of the wariations of melting point with strueture, &
phenomenon which seemingly had been neglected since Bzeyer's (loce.cit.)
observations regerding the fatty ccids. However, Kipping (24), in the
courss of an investigation of some long~chained compounds, observed
regularities in the melting points of members of homologous series of

ketones, oximes, =nd secondary aloohols, For the series of symmetricel

(23} Dobrimer, Ann., 241, 1 (1888).

(24) Kipping, J. Chem. Soec., §3, 465 (1893).



ketones heving odd-carboped radieuls from Cg to Cyp, there wss &
gradual rise in melting point as chsin length inerezsed, but the dif-
ferences between successive members slowly decressed snd became simost
constant with the higher membsrs. For the corresjponding ketoximes,
which melted lower than the ketones, & similer gradetion in nelting
points existed, Likewise, the ocorresponding secondery slcohols ex-
hibited this phenomencn,

’k’ét lopg arfterward, Cohn {£5) pointed out thit the alternation in
melting points previously observed by Baeyer for the fatty acidas, siso
wae observed with the acid smides of Irom six to fourteen carbon atomse.
Farthermore, Cohmn found & similer elternation in the o(~hydroxy acids of
sixteen, seventeen and eighteen carbon atoms; and by extending Kipping's
work to inelude both even~ snd odd-carboned long~chuined alkyl methyl
ketones where the long chuin varied from €y, to Cynpy he wus able %o
show the slternation phenomenon in this series.

In en attempt to find relations between the melting polnts of
members of different series of homologous compounds, Franchimont (26}
cume upon several generalizetions regarding the cbunge in melting
point eaused by substitution of one functional gxoup by another, the

radical remaining the ssme. Among these weret the melting point

(23) Cobm, J. prekt. Chem., /27 50, 38 (188¢).

(26} Frenchimont, Rec. trev. chim., 16, 126 {1897).
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increases if two hydrogen atoms attached to the aszme earbon etom are
replaced by oxygen; the melting point incresses if hydrogen is reploced
by the hydroxyl or the amino group; & decrease in melting point is
observed 1f hydrogen attached to carbom is repleced by & methyl group.
Fremchimont also pointed out the applieation of the preceding general=~
itles to the prediction of melting points of members of ore homologous
series from those of another,

Another publication concerming melting point regularities was that
of Kaufler {(27), in which was reported the study of the melting points
of an homologous series of aliphatie diemines, HoN(CHy) NH,, from
ethylene diemine to decamethylene dismine. It was observed that an
slternation in melting points from even to odd members existed, as had
been obaerved for other series, snd that the even members formed a
seriez in which melting points gradually increased with chain length,
while the differences between melting points of successive members
graduslly decreased.

How the investigations turned sgain to boiling point relations as
evidenced im 2 publisation by Menschutkin (28) concerning the boiling
points of series of compounds having regulsarly veried branching of the
sliphatie chain, for exsmple, the isomeric hexyl alcohols, In all the

series studied, which included esters, amines, and scids, the boiling

{27) Eeufler, Chem. Ztg., 25, 133 (1901).

{28) Menschutkin, Ber., 20, 2784 (1897).
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point decrensed with inoressing complexity of the ehein,

Another peper appesring near the turn of the century wes that by
Ramage {29), relative to the boliling points of homologous compounds,
which contained & brisf review of previous work by Welker {30) to-
gether with lmprovements in the equetions for calculetions of boiling
points, VWalker's equ#tlon had been found to apply orly to the doiling
points of the normel pereffins from 0'1316 to 616334' and even in fma
series, did not aspply very exactly in the cuse of the lower members,

' Ramage suggested that the equetiorn held only for the CHg-CHs linksges,

- and therefore that a deviation would be expeected with the lower
homologs where the terminsl hydrogen atom should have s grester relative
infiuence on the properties of the molecule, Accordingly, he modified
the ¥Walker equation, and then was able to ealculete with quite good
agreament the boilimg points of all the nommsl paraffins, and ulso

those of sevies of alcohols, aldehydes, and ketones. With the fatty
s¢lids, however, the lower members showed great devistion from the
caloulsted values. This waes assumed to be due to grester associstion
in the ligquid stute with the baginning members of the series,

During the ssme period, & rather exheustive atudy of the bolling

points of homologous compounds was reported by Young {(31). This study

(29) Ramsge, Proc. Cambridge Phil. Soc., 12, 445 (1904).

(20) ¥Walker, J. Chem. Soc., 65, 193, 725 (1594).

(31) Yam; wo !__asng 4§7 2‘ 1 (1905)‘



also was coneerned with the muthemsticsl expressior of the boiling
points of a series, but from a slightly different stsndpoint, in that
the equation developed by Young served to caleulete the boiling point
difference between & ecompound and thet one having one more methylene
group in the chainm, rather theam to calculate the bofling point of smy
one compound from its molecular weight snd certsin constants, The
values scalculated for the normel paraffins by Young's equation were in
much ¢closer agreement with those observed then were those calculated

by Ramsge. Similar results were obtained for other series comprising
the alkyl halides, ethers, aldehydes, and amines, series in whieh
sssociation was believed not to oecur to any greest extent, It should
be noted that Youmg designated as homologous, a series of ethers in
which one aliphstic radies]l remesined constznt while the other was
lengthened by successive inecrements of -CHy~, &nd alsc that he postulated
thet his equation, though inadequate for lower alechols snd ecids due %o
useci;tmn, might apply to the aleohols and aeida éf *very high
molecular weights® where association should be smeller,

Among other studies of boiling point reletionships which were
reported at this time was that .,or Benry, Buelens, and Muset (32}, con~
cerned with the boiling points of series of isomeric alcohols, In the
series of iscmeric octanols it was cbserved that the bolling point

gradually rose a3 the point of branching was located farther from the

{32) Henry, Buelens, and Muset, Compt. remd., 143, 102 (1906).
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hydroxyl group« Furthermore, for the two series of isomerie alcohols

of the gsnersl formulas, (CHg) CHCH(OH)CpHopey and (CHs)oC{OH)CHpChHppe),
it was noted that the boiling points incressed regulerly as the length
of the sliphatic chain, ~Cplppe), wes increased.

Soon efterward, Hinriehs (33) mede some observations on the melting
points of the aslipbutie hydrocarbons relative to the znomulies in the
melting points of the even~ and odd-carboned members. It wes sug-
gested that the slternations in melting points were the mechanical
expressions of the oscillation of the center of gruvity of the molecule,
whereby, for an even-oarboned member, the center of gravity was on the
geometric axis, but for the odd member, fell on cne side of the axis,
diminishing the moment of inertis.

Further contribution to the knowledge of the mlternation phenomenm
wes made by Bisch {34) who found sueh slternetion in melting pointe to
exist in many other aseries, although not so rewdily spperent, for
exsmple, in the pereffins up to CgoH,oe With the boiling points the
f&riations were less in velue, yet frequent in oecurrence, &s in the
alkyl dromides and primery alcohols. Other physicsl properties in
which alternations existed were moleculsr volume, internsl friction,
and retetory power., Bilach's explanation of the alternstion phenomenon

was that atoms end groups of atoms, apparently equivalent, aetuslly

{33) Hinrichs, Compt. rend., 144, 431 (1907).
(34) Biach, Z. physik. Chem., $0, 43 (1904).
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possessed variable effects, such that with subatitution by verlous
groupe, varied residusl valences remnained. If wn H stor wsed more
than one~fourth of the effective valenee of a C estom, evidently a
CBS- group bhad & lower w.lenqa than an H, s Cglig= group & greater
valence then & CHz=, and 80 om. Therefore, in an sliphatic chaln, an
alternation of the influence of sucdessively lengthening groups was
exhibited,

A few years later Kobertaon (35) prepared series of amides,
anilides, and p~toluidides of the monobasic fetty ascids and pointed
out that all these series exhiblited an even greater irregularity in
melting points than the scids themselves. The alternstion effeet wes
explained, somewhat vaguely, se being due to dissymmetry of the mole=
cule.

Most of the fuvestigations cited thus fer were concerned with the
relationships between physical properties sné molscular stiructure of
the nmexbers of homologous series, But, &s mentioned in the introductory
remarks, the members of sn homologous series also should exhibit &
regularity in their rates of reactiorn. In regard to the latter,
Henschutkin (38) published & summery of the results of an investigetion
upol the relations exlsting beiween the properties of orgemnic isomers

snd thelr structure, perticulurly of asleobols. For the normal-chained

{35} Robertson, J. Chem. Sog., 983, 1033 (1908).

(36) Menschutkin, Chem. News, 100, 293 (1909); Ber., 42, 4020 {1909).
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elechols it waa found that the velocity of esterification decreased
from ethyl to ootedecyl to myricyl (Cgg} in the ratic 43.4:21.9:15.5,
while for isomeric branched-chained alcohols the speed of esterifica=-
tion docresssd as the ehzin became more branched, or sa the point of
branehing fell nesrer the hydroxyl groups. For the boiling points of
the isomeric aleohols the position of the branching side chein was
observed to be the determining factor, and not the primary, secondary,
or tertiery nature of the aleohol., This copclusion substantiated that
of Henry and his co~workers (32).

Puring the next decade, publications concerped with the regular-
itieg in homologous series dealt principslly with the relatiomships
between various physiesl properties and the gunbar of carbon stoms in
the aliphatic chain. Among these was that of Sugden {(37) in which was
prej:aaed en improved equetion for the eeleculation of the boiling points
of members of an homologous series. The advantege of the new equation
was that it held for the lower members of a series as well as the
higher, and in the twenty homologous series examined, the mean departure
of the observed walue from that celculated was slightly leas than two
degrees. In the same year, Perguson (38) reported the development of
an equation for the boiling points of the normsl paraffins from C; to

51.;; He also proposed sn equation for the eritical temperstures of the

(37) Sugden, Shem. News, 110, 152 (1914).

(38) Ferguson, Phil. Meg., £9, 599 (1915).



normel parseffins from ethane to deczne, and equations for the boiling
points of mormsl slkyl bromides and normel sleohols, Shortly thereasfter,
Young {39) reported an improvement in his earlier squations for bdoiling
points, together with new relationships between bollimg pointes and
eritiezl temperatures in homologous series, Another publication of

this period was that of Plummer {40), in whieh it was reported that a
linear equation served for ealeulsting the dolling points of normel
primary aloochols, sldehydes, and amines, while other seguztionsz were
given for athers snd esters where the radicsls contuined more thsn one
carbon atom.

At about the same time Herz {41) publiched a compilation of data
for several homologous series comprising slcohols, amines, ethers,
asters, nitriles, hydrocerbons, znd acidse, &nd included in the data the
beiling points, eriticsl temperatures, and molscuvlar heats of evapors~
tion. He observed thet the proporticmslity between hoiling point and
eritieal tempereture held epproximetely for asll the series, btoth tem~
peratures grsdually inereesing with the molecular weight,

In addition to the many publicatione corcerned with boillng point

regularities, there wes also a considerable number relating to

{39) Young, Sci. Proec. Royel Dublin See., 18, 93 (1916).

‘46) ler, Phile. &Q’ _3‘&. a1 (191&)1

“l) Herz, &t 200TR. m chﬁo’ .9__5.. 253 (1915)-



regularities in melting pointe., Levene end West (42), in reporting
the preperation of =& series of »ure normsl eliphatic scids from Cn %o
Cygs together with the melting points of the pure scids, czlled atten-
tion to en snomaly existing between the Cys end the Cy3 members. In
accordsnce with the general rule of alternation of melting points, the
em member should heve melted lower than the 312 member; however, 1t

was observed to melt at 51°, while the C o member melted &t 48°,

1
Ancther study of the melting pointe of the monocarboxylie acids
wag reported dy Tmmmenn (43), concerned particularly with the
sltsrnetion phenomenon. Upon the bausls of studises of the first two
members of the series (formic and acetic acids) Tammenn postulated
that the observed alternation in melting Poiats might be due to the
faet that even-carboned members could exist in two stable crystalline
forms, while only one stable form of the odd-carboned members was Xnown.
With Tammann's investigetion of the alternmation in meltirg pcints,
the éccsde which began with Memschutkin's observations regarding
Teaction volocities wae simost at &n end, Further contributions had
been nmade toward the development of the concept of homelogy, despite
the inrosds which wer hed mede upon orgenized research. Appaerently
the existence of homologous series was now well established by the many

investigations demcnstrating regularities in physieal properties and

{42) Levene and West, J. Biol. Chem., 18, 463 (1914}.

(43) Temmenn, J. Chem. Soc., 112, 441 (1317).
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chemical reactivity, However, there still remained saversl 2apects of
the homology concept which required further elucidation. One of these
was the alternation phenomenon, known to exist in many series.  Another
was thq ;oasi§ility that chemliaesl reactivity reached a limit as the
length of the aliphatic chain increased, snd = thiid waa the extent of
hbmelogy with respeet to other ohysical constants which might exhibit
rogulsrities, During the past twanty years, thers have heon numsrous
studiea of homologous saries, the results of which may bs classifisd
roughly sceording to the three broad lines indicatad above,.

In oomneetion with the sltermation phenomenon, Meerwein {44)
pudblished the results of an investigastion of some reactions of pinacols
from whick he concluded that the valency recuirements of normal alkyl
groups diminished with incrensing mumber of carbon atoms. The deerezse
was not continuous but exhibited a periodieity such that the odde
carboned radiesls had greater affinity demsnds tham those with an even
number, thereby causing an alternstion in properties of the molecule,

Another peper oconcerned with mlternetion was thut of Timmermsns
{45) in whieh it waa pointed out that the alternation of melting points
hetweosn odd and even members wes & general phenomencn, and that odd nem=
beras melted lower than aven members in series whers the molecule was

ayametrical with respect to the center of the chein, as in the paraffins

{44) Nserwein, Amn., 419, 121 (1919},
(45) mmm; Bg le _‘;.9‘9.' S‘@Q Bsgo' ‘5‘.9_, 39 (1981).



and the oxalie scid series, However, this order of slternation wes
sometimes inverted in series not having such symmetry, for exsmple, the
ketoniec aseids and alkyl halides., It wes observed =2lso that the exist~
ence of & minimum in melting point for one member of a series other
than the first wus very genersl, occurring in the majority of cases st
the C, member.

A Turther contridbution to the explenmtion of the slternaticn
phenomenon was mede by Cuy (46}, who advanced the theory that in exm
aliphetic chein there was 8 tendency for the carbon atome to beecme
alternately positive and negative due to accummulstion of either posi-
tive or negative charges on slternste earbon atoms, On this bssis, the
odd-prrboned meubers of a sseries differed successively by e definite
group of stoms snd charges, while the even members likewise differed,
but by & differently eh&rgad'incrament. Therefors & given property
should very coptinuously for the two series, add and even, but not be
the seme for the two. Thus the melting points of the fatty zcids fell
on two curves, one for the evsen members and another for the odd, while
&8 & whole, tﬁa serieg showed alternstion from one member to the next.
Cuy stated somewhet later (47) that the above theory wes an improvemsnt
over Tamuann's (loc. cit.) since it applied not only to melting point

alternetion but alsc to solubility, conductivity, end boiling point

(46) Cuy, J. Aum. Chem. Soc., 48, 503 (1920).

(47) Cuy, Z. svorg. sllgem, Chem., 115, 273 (1921),



alternations.

Shortly afterward, Pauiy (48) offered an explzmation of the varie=
tion in physieasl comstents of homologous seriss, based wpon the strueture
of the sliphatic chain. From & number of melting point diegrems he
concluded thet the evem-carboned member slways possessed the higher
nelting point, and that the magnitude of the elternations diminished
with increasing chuin length., Another study of melting point slterns-
tion wes reported by Majims, Nugacka, snd Yameda (48), in whieh it was
observed that the melting points of severasl series of aryl alkyl ketones,
baving elkyl cheins from 010 to Cyq, exhibited aliernation. At «bout
the ssme time, Mach and Stolzenmberg {(50) observed that the oscilletions
in heats of combustion, specifie heats, melting points, and bolling
points in hémlagous series could be explained by the symmetry proper-
ties of the orysial lattice.

Some years leter Timmermans (51) defined altermation as the
phenomenon by which the melting points of the terms of an homelogous
series vary by am umequsl guantity from ome odd term to an even oney and
from the latter to the next odd term. The alternstion wes mormal when

even terms melted relatively higher than the adjucent odd terms. He

{48} Pauly, idid., 119, 271 (1921).

{49) Majims, Negaoke, and Yamada, Ber., 58, 215 (1922).

{50) Mzch znd Stolzenberg, Z. znorg. sligem. Chem., 120, 24 (1%921).
(51) Timmermans, Bull. soc. chim. Belg., 38, 298 (1929).
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slso stated that there should be general sgreement &8s to the "first
term® of 2 series 1in order that various homologous geries nmight be come
pered, and suggested that toluene, not benzene, be regarded as the first
membar ¢f the aromstiec hydroearbons. Oxelic acid, the first member of
the dicarboxylic ecids, was to be regarded as the Cg term of the series,
Further observations upon the sltermation phenomencn were made by
Yerkade and Coops {52), based upon studies of the melting roints and
golubilities of u seriee of p-monocalkylmzloniec acids, including those
Trom ethyl- to m-tetradecyl-, The euthors suggested that slternation
be called even when it occurred in passing from ap even to an cdd term,
the even term having the relatively higher melting point. Furthermore,
if in passing from one term to the next there was a regular zlternstie
inorease and decrease in a property, the elternation was defined as
complate. According to these definitions, the melting points of the
zbove acids showed complste even elternation while & complete 0dd zlter
nation cccurred in the solubilities in benzene and water. Another
publication by the same investigetors (53) rapoi'ted the determination
of the molecular heats of combustion at constant pressure for the sbove
series of malonie acids, The slternation phenomenon wes observed in
these constants for the Ca to cs aliphatie rediecsls, but there was none

in thoae of 06"{;14-

{82) Verkade and Coops, Rec, irav. chim., 49, 568 (1930).

—————————

(53) Verkzde end Coops, Proc. Aced, Sci. amsterdsm, 36, 76 (1933).
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In some studies of long-chained compounds, Meyer and Reid (54)
prepared the normal azleohols from deeyle to octadecyl-, =né the corres-
ponding bromidea. The melting points of the alcohols did not show
detectable elternation, but those of the bromides did,

Another investigstion of & serles which included severzl long-
eheined compounds was that by Carre ond Passedouet (55), concerned
with the urethans, CH@(CEQ)#CB?OCONB@, ;here n varied from 1 to 16,

The melting point curves indicated an zlternation for odd =nd even
numbers of earbons for the members (;~Cy und Cg-Cg (odd greater them
even} while the reverse held for the terms C13-Ci5+ However, for the
terms 04735 and 08’612* there wes no alternstion in meltipg pointae

A study of long-chsined ketones was reported recently by Oldham
and Ubbelohde (56} which included melting point and X-rey date for eight
isomers of each of the ketones, CyqHz 0 and claaﬁao. It wes teund thet
the position of the cerbonyl group in the chein influenced the melting
point, causipg & higher melting point when nearer the end of the chain
or symmetrically &t the center. The structure of the ketones was
showp by means of X~ray studles to be very similar to that of the cor-
responding sliphstie hydrocarbons.

Anong the numerous contributions to increased knowledge of

{54) Meyer and Reid, J. Am. Chem. Soc., 55, 1574 {1933).

(85) Cerré and Passedouet, Compt. rend., 204, 347 (1996).

{56) Oldhem snd Ubbelohde, Trons,Feradey Soc., 38, 328 (1929).
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physicel properties of homologous series which have appeared during the
past twenty years is thet of Prud'homme (57), who established relestions
between the boiling p&ints and eritical temperatures end pressures in

seversl homologous series, Another comparatively early publication wes
that of Trillet (%8), concerning X-rey studies of the faetty scids. It

wes found that the spacings between parallel planes of molecules of
Tatty aeids increased spproximately 43 for each -CgHg~ group in the
even-cerboned acids, and thérerore it was coneluded that slthough the
=CHo= groups were not evenly spaced in the chalm, the spaces between
every second -CHpe group were constant.

Many years later, Neherniac (59) inveetigated the nesr infra~red
spectra of homologous series of sleohols and acids in the vapor state,
snd found thet &n the alecohol series the characteristic OH band wus
gradually displeced towerd the longer wuve lengths as the homologous
series was sseended, a constant position being atmiéea at C4o Howsver,
in the seid series, the bend wus displaced toward shorter weve lengths,

Further atudiee of the relations of physieal properties of homolo~
gous series include thet of Merckel (60) who developsd equations for the

boiling points of normsl persffins, branchechained paraffins, apd

(57) Prud'homme, J. chim. plys.. 18, 270 (1820).

(58) Trilliat, Compt. remd., 180, 1329 (1925).

(59) Nehernise, Ann. phys., 7, 528 {1937).

{60) Merckel, Prog. Acad. Sci. Amsterdsm, 40, 164 (1937).
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alkyl belides, He also rspofted equations for the melting polinte of the
normel paraffinse, including those above Cpqe A more reeent paper
relative to the correlation of molecular structurs and boiling pointe

is thet of Kinney (61) in which dats ere givem for calculating the
*boiling point numbers® of many of the aliphatic hydroearbons,

Other physieal constants of homologous series which have been
investigated recently are heats of combustion and parachor values.
Richerdson and Perks {62) determined the heats of combustion for seversl
kydroecarbons snd sleohols, among which were X~hexzdecane und p-hexa-
éecenol. In connection with the relationship betwesn pareschor velues
and physicel constents of homologous saries, Lewis {63) suggested equa=
tions linking the parachor with the beoiling point ¢nd eritieal tempers-
ture, which held for non-assccisted compounds, Heats of combustion for
the methyl, ethyl, propyl, and butyl esters of cleic scid were determined
by Keffler end McLean (64). Theilr deta indiested that methyl oleate,
the first member of the series, possessed en sbnormslly high energy
contents Also determined in this study were the molecular volumes, for
whick it was shown that the increment of moleculsr volume corresponding

to an sddition of ~CHp~ %0 the alcohol residue incressed as the homologous

(ﬁl} Kinw’ _J._i _;A&Q CMQ Sﬂcag _&’ 3032 ‘1938)0
{62) Richardsonm and Psrkes, I. Am, Cheme Soc., Bl, 3543 (1939},
(63) Lewis, J. Chem. Soc., 1086 (1938).

(64) Keffler and McLean, J. Soc. Chem. Ind., 54, 178T (1935).



series was ssoended,

In additiocn to the inveatigautions of the sltermation phenomannn'
end physical constants in homologous series which huve been conducted
during the past two decades, there also have been rumorcus investigs=~
tions of the relationship betweern chemicul resctivity and chain length
in homoclogous series. Among these wus the gtudy by Ccnent w«nd Hussey
{65) of the speed of reasstion of slkyl chlorides with potassiun ivdide
in seetone, a study which included in wddition to the chlorides from
ethyl to decyl, those of the Cjg, Cy4y Cygs ¢né Czy normal sliphatie
radicals, Upon the basis of ithese investigations and those of other
workers, these suthors stated that ™ln & groet variety of reactions a
methyl halide is § to 20 times more reective than the ethyl compound,
whieh in turn is only about twice ue rsactive ns the other primsry
str&ighﬁ chain compounds that do not differ materially from one znother,
at least as high in the series as 03095101.*

Further ianvestigation of chemical reasctivity in homologous series
was made by Ruzicka and Buijs {66), employing the reaction of & series
of methyl 21kyl ketones with hydroxylamine. It was found thot Ior the
geries of ketones ip which cne radicsl wes methyl end the other vsried
from ethyl to m~tetradecyl, the reactivity varied only slightly. The

same wes true of other series in which ethyl and propyl wers substituted

{65) Conent and Hussey, J. Am. Chem. Soc., 47, 476 (1925).

{66} Ruzicka and Buijs, Helve. Chim. Acta, 15, 8 (1938),
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for methyl in the preceding series, although here the reaction velocity
was less in all ¢sses than thet of the corresponding methyl ketone. In
& series of cyloic ketones included in this study, = maximum reactivity
vas obgerved st the Cg; member. From this member to the Cg member,
resction velocity decreased rapidly, then it increased again until with
the C,y eyolic ketoms the velocity waé equel to that of the €16 alkyl
methyl ketone.
The reletive reactivities of the alkyl iodides were investigated
*by Mitchell (67} by means of the resction with sodium guaiacoxide, The
eight nommel alkyl iodides from methyl to octyl were employed in the
investigation, the results of which showed & decresse in reasetion rate
from methyl to butyl, followed by an elwost constant velue from butyl
through oetyl.
Another stufy of chemical reactivity wag made by Pelomee and Leimu
{68) in =n exsmination of the reaction of aliphatic scyl chlorides with
ethylene ¢hlorohydrin. Here it was found that the rate of resction
deocrensed with increasing long\th of the aliphatic chain, st lezst as far
a3 butyryl chloride. |
A few yoers ago, Abrahem, Mowat, and Smith (69) summerized the

reactivities of homologous series eccording to the following classifica=

(67) Mitchell, J. Chem. Soe., 1792 (1937).
(68) Palomsa and Leimu, Ber., £6, 813 (1933).

{69) Abraham, Mowet, and Smith, J. Chem. Soc., 948 (1927).
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tiont first, series in which there wes s great decrease in reactivity
in passsing from the first member to the third, then a more gradual
decresse slong the series, ez in the reaction of alkyl halides with
godium methylate; seeond, series in which there were large alternations
in resctivity for the first three or four members, followed by & gradual
decresse in reaetiiity, as in the hydrolysis of saiiphatie amidea; third,
geries in which thers wes en inorease in resctivity with increase in
chain length, es in the rate of conversion of slkylsmino ecetstes to
amlides; and fourth, series in which there was a conetant reactivity as
the chain length increased, =38 in the sddition of HBr to & geries of
olefins with nop-terminel double bonds.

¥With the preceding considerstion of the more recent investigations
of chemical reactivity in homologous series, the review of the studies
which have led to ths development of the concept of homology has been
extended to the present time. Therefore it scems esdvisable at this
point to discuss ths present concept of homology as derived from the

results cited.
It will be observed that in most of the work which has besn de~

scridbed homology has signified varietion in normsl chsin structure by
sucoessive additions of «CH,~ units to the chein, Furthermore, it will
be observed thet in any series designated 2s homologous &t leest one
eharacteristie group has been & conatant festure of ench member of the
series, and that the charmeteristic group remained unchanged whils the

chain to which it wes attsched increesed in length from member to
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mnewber, Whetever the characteristic group, the members of the homeclogous
series differed from one another only by 1§eraments of CHg» in an ali~
phatie chein. Therefore the concept of homology recognizes structurel
homology of this type, limited fundementelly to normel ¢hains. Howsver,
this does not sliminate certain branched chains, For exanple, iso~
chains ean be included in the syetem by considering the branched slement
&3 & terminal iso-propyl group and them building e series of homologs
by lengthening the remeining normsl chaip, That is, in the series
lxcﬂﬁ)ﬁi where n 18 at lezat 1, X might be iso-propyl or scme other con-
atant branched group. However, the nembers of such a series will not be
homologous with corresponding normel-chained eompounds, £nd therefore
the present concept of homology precludes the comparisom cf normele
chained compounds with branched-chsined compounds.

In sddition to struetural homology, the series studied will De
obzaerved to exhibit ragulmrifias in physiesl properties. For the most
pert, all the physical econstanis investigated showed a gredusl and quite
regular change as the oerbon chain wee lengthered, zlthough in some
cages the first members of the series were abnormal, The fact thet elter~
nation exists in some of the properties does not invelidate the conclue
sion that homologs should show physicel regulerities, for in most ceses,
slternation was found to be reguler in jtself. A second aspect of the
present eoncept of homology, thes, is & regular variation in phyeiecsl
properties,

Another sapect of homology has been demonstrated in the examinations



of the chemical reactivity of series homologous with respect to the
preceding quslifications, This aspect is that of the gradusl chenge

in resctivity toward & particular resgent as the chein length inerezsed,
Here sgein existe the difficulty arising from the sbnormality of the
first member s& compered with the remsinder of the series.

It seems, then, thet the present concept of homology embraces
regularities of structure, of physical properties, znd of chemieal
reactivity, However, the actual interprstation of amy or sll of these
depends upen the individusl, particulerly with the regard to the cholce
of the "first member™ of an homologous series. To overcome the latter
cbjectionable festure, the usuelly mocepted first member, such as
methanol for thz series of normsl slecohels, ¢rp be inecluded and ite
abnormality noted, or the lower compounds which éo not conform to regu-
larities in properties snd reactivity can be omitted eltogether.

¥ith regsrd to the latter, one of the outstsnding criticisms of the
concept of homology was made by Whitmore (70) upon the baeis of the
reasctions of some lower breanched~chained alecohols, espeeially necpentyl
slechel. ¥hitmore's contention was thst the first few members of ¢ series
did not undergo the seme typeg of chemlesl truneformetions as did the
other members, znd therefore that the concept of homology of resction
wes ineorrect. However, in the light of what bes been introduced here

s the present concept of homology, Whitmore's critieiam wes unjust,

{70) Whitmors, "Orgenic Chemistry,"™ Ven KNostrand, New York (1937)
T 102,
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for ueopentyl alcohol is not & homolog of p~emyl aleohol, and therefore
should Bot be expected to underge the ssme resctions. Thus the
neceseity of compsring normal-chained compounda only with other normai-
chained compounds is re-~emphasized.

A few years sgo Loequin (71) discussed the phenomenon of homology
&t some length and apparently srrived at spproximately the sume com~
¢luslions as heve been set forth here. However, Loeguin sugzested thes
& homologous seriez should be bsussd upen s "reference compound® usnd
that the point of imsertion or sddition of further -CHg= units should
be c¢clearly indieanted in that reference compound. For exsmples, from the
refsrence compound styrens, CgHsCH=CH;, two homologous series csn be
formed, the one by inserting -CHp~ units between the phenyl group end
the carbon atom directly attached to it, snd the other by adding =CHp=~
inerements to the carbom etom of the group =CHp.

A more recent discussion of chemiecal homology is that by Seniorxr
{72}, in which there is proposed & classificetion of homologous coms
pounds patterned wpon the elmssifiontion of methematical functions,.
Fundamentally this author's system depends upon the formation of
homologs by adding ~CHy~ units to baslc structures, and therefore it is
elosely relsted 1o the concept presented here. However, Senior recomw
mends that the idea of "like resctions® be omitted from the concept

(71) Locgquin, in Grignard, "Traité de Chimie Organique,® Messon, Paris
{1935) Vol. I, pPpe 8526-B34.

-

{72) Senior, J. Org. Chem., 3, 1 (1938).



altogether.

Hence it seems that in general the commonly scoepted significance
of the term homology 1s that which has been developed in the foregoing.
If this be true them it appears likely that lorg-chained compounds
should be homologous with respeet to those of lower molecular weight,

- Certainly, the lomg~chained compounds are structural homologse, and
moreover, several examples of homology im thelr phyeiesal properties
have been cited. However, conformity to homeclogy of reasctions is yet
to be more fully demonstrated., This phsase will be discussed in the

following section.

IX. The Extension of the Concept of Homology 1o Long-Chained Compounds.

The extension of the concept of homology to long-ehained compounds
dspends not only upom their conformity to homology of structurs and
physical properties but also upon conformity to homology of resctions.
¥hether or mot the latter phaze of the concept is spplicsble to the
long~chained compounds can be decided dbest by & comparison of their
resctions with those of the lower structursl homologs. In order that
such & comperison may lead to velid conclusions both sides of the issue
should be considered. Therefore, in the following discussion there is
presented svidence both for and sgeinst the existence of similarity of
reactions throughout an entirs series of structural homologs.

Among the series of compounds in which the reactions observed in
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the lower mambers apply alsc to the long-chained homologs is the series
of normal alipheatic aecids, In this series one of the general reections
is that with the lower alcohols in the presence of hydrogen chloride to
form the corresponding esters, esnd by mesns of this reaction esters of
the z2cids from formic to melissic (Csy) are prepsred in good yields (73).
Another of the general resctions of the mecids is that with thionyl
ehloride to formm ths acyl chlorides at least &g high in the series as
thet of tetratriacontapoie scid (Cs4) (74). Lonmg-chained sliphatie
aecids of from twelve o eighteen carbon etoms reect smoothly with
gesecus ammonia &t high tempereture with the formation of the corres-
ponding nitriles, but this reamction is not successful with the lower
acids, perhaps becsuse of their lower boiling pointas {75). However, =
similar technique using & lower temperature is epplied to the lower
acids for the preparetion of amides {76}, but this method feils with
acids higher than G, dus to formation of increasing smounts of the
pitriles. The anhydrides of the even-carbonsd acids from caprylic to
stearic can be prepered by heating the acids with acetic anhydride at

about 180° {77), end the synthesis of symmetriecsl aliphatic ketones by

(73) Schwalb, Aum., £35, 137 (1886).

(74) Preneis, King, snd Wlils, J. Chem. Soc., 998 (197).

(75) Relston, Harwood, end Pools, J. Am. Chem. Soc., 59, 987 (1937).
(76) Mitchell end Reid, ibid., 53, 1879 (1931).

(77} Bolde and Gentner, Ber., 58, 1418 (1928).
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distillation of alkalire sarth salte of fatty scids is gerersl from
scetic acid to ateeric scid (78) &lthoﬁgh the yields zre quite low with
the higher scida, The eldelydes of the melds from propicnic to stesrie
ars prepared by distilletion of a mixture of the caleium sslt of the
acid and celeium formete (79), and sgein the yielda from the higher
ecids sre low.

The preseding resctions of the normel aliphatic acids lend to the
formation of several series of derivetives., In general, eny cne of
theze seriss exhibits the same types of reactionsg for both the lower
and higher members. The ecid chlorides, for exemple, rezct smoothly
with squecus ammonis to furnish the corresponding emides as high as
arachidemide (Cgg) (80), and furthermore, like the lower members, the
higher acid chlorides such as stearcyl chloride undergoe conversion to
substituted amides by resection with numerous organie bases (81),
Leuroyl, pelmitoyl, end stesroyl chlorides react smoothly with sodium
szide to form respectively, undecyl-, pentadecyl~, and heptadecylamine
in high ylelds (82)., This modification of the Curtius degradstion sleo

serves to prepare butylamine from walerie acid.

(78) Kraffs, Ber., 15, 1713 {1882).

{79) Krafrs, Ber., 13, 1413 (1880).

{80) Adem and Dyer, J. Chem. Sog., 127, 70 (1925),

(81) Gilmsn snd Ford, Iowa State Coll. J. Sci., 13, 135 (1939).

(82) Ruegeli, Grintuch-Yacobson, and Lendorff, Helv. Chim. Acta, 12,
227 (1929).
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Another interesting resction of long-chained ac¢id chlorides is
their conversion to the corresponding esters of enediols under the
influense of metellic sodiwm. Lsuroyl chloride, for example, yislds
the dilsureste of lZ-tetracosene~12,13-diol (83). BSimilarly the lower
homolog, butyryl chloride, gives é-octene—4,5~diol-di~-n-butancate (84).
Yet snother recent exemple of the extension of homology to long-chained
sompounds 18 the discovery that the higher scid chlorides reaset with
methyl mercaptan to form the corresponding thic esters of the long=
chained scids {85). Previously there had been some doubt thst this
reastion eapplied to any except the lower ancid chlorides.

The long-cheined nitriles in generazl undergo the same types of
reactions as the lower struetursl homologs. Reduction of the nitriles
t0 primery amines Dy mesns of sodium and slcohol is a method of prepere-
tion of the sliphatic amines througbout at lesst the firat sighteen
manﬁsra‘or the series (86). Kitriles as high as stesronitrile react
with smmonium hydrosulfide to give the corresponding thioamidez (87).

A slight enomaly 1s shown in the reaction of long-cheined nitriles such

(83) Ralston end Selby, I. Am. Chem. Soc., 61, 1019 (1938).
(84) Basse and Klinger, Ber., Zl, 1217 (1888).
{85) Ralston, Cegebrecht, snd Beuer, J. Org. Chem., 4, 502 {1939).

{86) Rukahit, 2;‘ _ﬁ};& Chen, 800y .5_-?" 44 ‘1913); v. Braun znd Sobecki,
Ber., 44, 1473 (1511).

{87) Relston, Vander Wal, snd McCorkle, J. Org. Chem., 4, 68 (1939).
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as lauro~ and stearonitrile with aromatie Grignerd reasgents, for they
glve good yields of the =lkyl aryl ketone upon treatuent with approxi-
nately one equivalent of phenylmagnesium bromide {88) while the nitriles
from acetonitrile to waleronitrile give only fair yields of ketones with
four equivelents of phenylmagnesium dbromide (89).

Like the lower members of the series the long-cheined smides under-
go dehydration with phoaphorus pentoxide with the formation of the
corresponding nitriles {90)., In the Hofmann reaction, however, the
higher anides exhibit smomalles, for instead of the desired amine, high
yields of alkyl s¢yl uresns are obtained. Btesrumide, for exmmple, gives
R-p-heptadecyl-N'~stearoylurea {91).

The long-cheined ketones exhidit generally the same types of
reuctions as the lower aliphatie ketones. As previcusly atuted, a
series of methyl alkyl ketonea including methyl tetrsdecyl ketone showed
about the same reactivity toward hydroxylemine {6§), foming oximes in
all cases. Hexyl p-pentadecyl ketone {24) and n-undecyl n-tridecyl
ketone also fom oximes, and the oxime of the latter undergoes nomel

Beckmann resrrangement {92). Long~chained keiones such as stearophenone

(88) Ralston end Christensen, Ind, Eng. Chem., 29, 194 (1937).
(89} Shriner and Turper, J. Am. Chem. Soc., 52, 1267 (1930},
{90) XKrafft and Stauffler, Ber., 15, 1730 (1882).

(91) Hofmspn, Ber., 185, 761 (1882).

{92) Hollemenn snd Xoolhsas, Rec. tray. chim., 58, 666 (1939).

———



undergo reduction by the Ulemmensen method to give good ylelds of the
expected hydrocarbons, p-octadecylbenzene in this case (93). This
reagtion also gerves for the preperation of hydrocarbons from wholly
aliphatie ketones, as in the preparation of p~pentatriacontane from
stearcne (94}. In both cases, the time of reaction must be extended
far beyond that normelly required for lower homologs.

The reactions of the long~chained aldehydes find very infraquent
megtion in the literature, but those which sre mentioned seem to indie
cate that the long-chained aldehydes undergo essentislly the zame
reactions as do the lower members, Pslmitaldehyde (78) and stearalde-
hyde {95) form bisulfite addition compounds; and heptadecylic aldehyde
(96) forms o semi-sarbezone, reduces permangsnste, is oxidized by
strong asgents to margaric acid, =nd adds hydrogen ¢ysnide to form the
expected ol=hydroxy~n-heptadecyl cyemide. The higher aldehydes
polymerize slowly upon stending, but unlike the lower members of the
series; they are quite stable towsrd atmospherie oxygen.

The few reports of the resctions of the long~chained anhydrides
show an enomslous stability towerd lydrolysis for these compounds.

Pelmitic and myristic enhydrides wei'e converted to the corresponding

(95} lﬁkeak&, Sﬁith. snd m‘b’r. .{. m. Chmo. _§' 249 (1958).
{94) McCorkle, Doctoral Dissertation, Iowe Btate College (1938) p.34.
(95) Rosenmund, Ber., 51, 592 (1917).

(96) LeSeur, J. Chem. Soc., 85, 832 (1904).
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aoids to the extent of only ome or two per cent after stunding for asix
montha in eontact with the etmosphere {97). However, this exceptional
behavior might be due to the insolubility of the two compounds in
water,

Most of the resctions described thus fer stand as effirmative
evidence that the concept of homology can be extended to the long-cheined
compounds. ZEvidence to the contrary was noted, however, in the direct
preparation of amides from scids and sammonia, in the direet preparation
of nitriles, and in the Mofmenn reaction of long-chained umides. It was
pointed out slso that anomelies exist in the reesection of nitriles with
Grignard reagents and in the stability of the higher acid anhydrides,
although en explemation was offered for the latter, In addition to
these ceses where extension of homology fasiled or was doubtful, there
ara other exsmples which should be mentioned. COne of these ie thet the
Reformatsky reaction failed with the o=bromo acids s=bove lauriec acid
{98). Another is thet a moédified Btrecker resction for prepuring alie
phatie disulfoniec aelds is unsatisfactory for acids sbove A wW-decamethy=
lene disulfonie scid (99), chiefly becsuse the long period of time
reguired for higher ecids makes its use impractical. This does not

mean neceesarily thet the resction could not be extended to the higher

{97) Holde and Genter, Ber., 53, 1424 (19286).
(98) McCorkle, Doctorsl Dissertation, Iowa State College (1938) p. 108.

{29) Stone, J. 4m. Chem. Soc., 68, 571 (1940).
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membersz 1f time were unimportant, but from the prsetiesl stsndnoint,
homology does not apply here. A similar borderline cese ig that of the
acetoscetic ester condensetion in which the yield repidly falls sz the
series 1g ascended until it is only thirty per cent ip the prepsration
of Ol~butyryl butyrate. However, if the alcohol formed in the remction
is conitinuously removed, the reaction can be applied successfully to
the higher members {100).

On the b&sie of the preceding review of the rezctions of numercus
types of long-~chained compounds, it seams generzl thet the entire con=
cept of homology cén be extended from the lower members of an homologous
geries to the higher members, As would be expected, encmslies oceur,
but in some of the apparent anomelies a chenge in the conditions of the
reaction removes limitations which have prevented 1ts application to
higher homologs. In the latter possibility lies e mesns of =ligning
further resctions with those slreedy in accord with the extension of
homology, but doubt remains thet this is 2 justifisble means of doing

80

III. The Physiologieal Effects of Lonp-Chained Compounds.

4 natursl consequence of the revivel of interest in aliphsatie

eompounds, particulsrly the long-chained compounds, ig the growing

{100} Briese end McElvain, J. Am. Chem. Boc., 58, 1697 (1933).

L
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proportion of organic research devoted to the investigation of the
physiologlonl effects of compounds containing long aliphatie chains.
8ince ths fleld is ruther new, few reports of auch investigations have
appeared in the literature to date., However, there is & sufficient num-
ber to show that work slong several lines 18 in progreas, and in the
following discussion, examples are given to indicate some of the trends
of the research belng conducted.

Among the lnvestigetions which have been reported are seversl con=
eérned with the phammscoclogical properties of lopg~cheined compounds,

A stuédy of & series of N-methyl emides of the aliphetie acids from formie
to stearic was conducted by D'Alelio end Reid (101), in which it waa
shown that the eight~, nine~, snd ten~cerboned members possessed loczl
apeathetic propertiea, snd that a2ll the members higher thsn Nemethylw
butyrsmide hed & buming peppery taste which resched = maximum at the
ten~earboned amide.

Long-chajined barbiturie ecids also heve been invéstigated to some
extent, particularly the l-p-alkyl-S-ethyl-3-isobutyl-basrbituric acids,
Buck, Hjort, Ide, and 4e Beer {102) prepared a series of barbiturctes
of this type, in which the alkyl radiesl varied from n-emyl to p-docosyl
(Cge) emd found that the p-amyl homolog showed more rapid action than

barbital., Hypnotic setion wap clearly marked in the p-octyl eompound

(101) I*Alelio snd Reid, I. Am. Chem. Soc., 53, 110 (1337).

(102) Buek, Hjort, Ide, ané de Beer, J. fim. Chem. Soc., 60, 461 (1938).



and was questionably still present in the n-decyl homologe The low
solubility beyond this latter compound rendered the phermecologieal
tests mesningless, but for the lower compounds it was shown that the
minimum hypunotic dose wus fatel in all cases.

In sddition to substituted ammides snd barbiturates, long-chained
sulfenilemide derivutives alse have been prepered. Among these is a
series of 4-ceylaminobenzenesulfonemides {103) in which the aseyl samino
group ineludes those of en even number of ecarbons frum Cg to Cgg.
Unfortunztely, no reports of pheruecological tests upon this series have
appeared, However, very recently, Crossley, Northey, snd Buliquist
(104) reported the preperations and testing of several Ni-sliphatie
aulfsnilamides\émons which were Hlfgrdodecyl-.1groctadeeyl~, and
«{Qvuctaéaceayl):sultanilami&e, end Z-gulfanilenmidoethyl dodecsncates
in general the N1~alkylsulfanilamides were decidedly inferior to the
corresponding ﬂl~&qylsulfanilamides on experimentsl streptococezl infeo-
tions in mice. legrdodecanoylsulfanilamide was reported to huve
"promising phammaeological properties,™ but as & clase the long-chained
compounds were inferior to sulfanilamide itself,

Certain oyclic long-cbeined compounds have been lound HC show

anesthetio setion. Fuzicka {105} prepared a series of polymethylone-

(103) French Patent 820,546 (1937) /C.A., 32, 2938 (1928)/.

(104} Crossley, Northey, end Hultquist, J. Am. Chem. Soc., 62, 532
{1940).

{105) Ruzicka, Helv. Chim. Acts, 20, 108 (1937).
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imines from pentadecamethyleneimine t¢ octadecamethyleneimine snd found
that the fifteen~csrbonmed member had strong persistent loczl anesthetie
action. This effect wes still evident to a slighter extent with the
siztesn<carboned member, but disappesred in the zeventeen~ snd eighteenw
esrboned members.

The physlological action of the long-ehained primery amine, m-
heptadecylemine, was studisd by Fleschentriger and Lachmsnn (106). It
was found that injection of the amine hydrochloride into the ventrel
lymph sac of the frog was fatel, and that intravenous injection in pigs
and rabbhits was fatel also, Subocutaneous injesction in the letter
animals caused loeal necrosis.

In connection with & study of 1ipbphilis chemotherspeuticals,
Bergmenn and Haskelberg (107) prepared some long-~chain-substituted
srsenieals such as 4~cetylaminoazobenzene~4'-sarsoric scid and 2-stearoyl-
smino~l~{4-argonobenzeneazo)-naphthalene; the former was found to be of
surprisingly low toxiclity. Arsanilic acid also was condensed with
palmitoyl or atearoyl ochloride to form the correspording subetituted
smides of the lonmg~chained acids. Other than the mention of ths low
toxieity of one of the derivatives, no report of the physiologicsl pro=

perties of these compounds has sppesnred.

(106) Flaschentréger and Lechmanm, Z. physiol. Chem., 192, 268 (1920),

{107) Bergmamnand Haskelberg, J., Chem. Soc., 1 (1939).
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Another type of long-cheined compounds which hes shown pharmecolog=
fcal metivity 18 the long~chuined quaternary ammonium sslis., It wes
fourd by Blubsugh snd his co-workers {(108) thet cetylpyridimium chloride
was highly bacterieidal for virulent organisms in vitro, and compared
favorably with well known gemmicides of the mercurisl snd phenclie
types.

Among other studies concerned with the bactericidal uaetion of
long-chained ecmpounds is that of Richardson and Reid (109} on a series
of o w~di-p-hydroxyphenyl alkanes having two, three, four, five, six,
and ten methyleme groups between the phenyl groups. The lower members
of the group hsd decided bactericidel proverties; but low solubilities,
especially in the higher members, mede extensive testing impossible.
Another investigation of bsctericidal properties was made by Adums and
his co-worksrs (110) in regard to synthetie substitutes for the
chaulweogra oile used in leprosy therapy. Some of the compounds found
to be most effective in vitro were a series of dislkyl acetic acldas,
whoas potency resached e maximum at the fifteen~ and sixteen-carboned
menders, snd oyclohexyl-substituted long-chained acids having eleven and
twelve carbon atoms in the chain,

In sddition to pharmscologleal effects, the effects of some long-

{108) Bluwbaugh, Botts, and Gerwe, J. Bact., 38, 51 (1940).
(109) Rieh&rﬁscm und Reid, g;t &» Cgm- iog'g ig' 413 (1940)-

(110) Stenley, Coleman, Greer, Sacks, end Adams, J. Pharmscol., 43,
149 {193%2).
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¢hained compounds upon the sepses of teste and smell have been studied
to aome extent, The existence of s buraning teste in the members of the
sliphatiec N-methylamides hes been cited (101} 4 pungent taste was
found by Nelson (111) in s series of long-obained vanillylamides.
Yaniliylamine was acylated with the secicé chloridee from ucetyl to
dodecoyl to form the corresponding smides. All cof the compounds were
pungent, & maximum being reeched at the nonoyl derivative. In & study
of the effset of chain length upon taste, Kichu end Girel (112) prepered
betaines of some long~-chained amino acids, mcids which in themselves
were tastsless, The beteine of w-aninopentsadecanoic =mcid was found teo
have & bitter teate, while the betaine of the higher homolog, W=~amino-
heptadecanoic aeid, was tasteless,

¥ith regard to the odor of long-chained compounds, the charsctere
istie plessent odor of dodecapol and tetradecamol should be recalled,
and likewiese the sweet cdor of the long-chained ester, ethyl stearante,
A musk codor is found present in the cyclic long-chained imines prepered
by Ruzieka {105), and is also characteristic of many other types of
large ring compounds such as lactones, ketones, end anhydrides (ils).

In such series a camphor-like odor eppeers st the nine-carboned member,

(111) Nelson, J. Am. Chem. Soc., 41, 2121 {(1919).
{112) Kichu end Girsl, Z,Physiol. Chem., 231, 208 (1935).
{113) Bell, Synthetic Orgenic Chemicels, 12, No, 3 (March, 1940); Ziegler,

Everle, cnd Ohlinger, Aum., 504, 94 (1933); Ruzicka, Stoll, Huyser,
and Boekenoogen, Helv. Chim. Acta, 13, 1152 {1920).




then at ebout the thirteen-carboned member a2 cedsr-like fragrance, snd
2t fifteen or elxteen carbop etoma the musk quelity epprosches &
maximisn., Beyond sighteen or nineteen carbens, fhe odor practiesally
disappesrs in &ll the series.

In the course of the investigations described in thie theszis, &
‘number of higher homologs of short-cheined compounds known o be
physicloglieslly ective were prepared., It wss hioped thet the lengthened
eliphatic chein night ceuse t}: recurrence of maximum potency, such
maxima having been obzarved with ineressing chsin length in meny zerles,
end that the long chains might also eld solublility in body fluids. To
indicate some of ths types of compounds in which physiologicsl effect
increases with inoreasing chaln length, sometimes exhibiting = maxinum,
se;veral exemples aye cited.

In 2 series of p-aminophenyl urethsns in whick the =2lkyl growp
varied from ethyl to p-octyl, Horme, Cox and Shriner (114} found that
the amesthesin csused by the compounds was proportionsl to the length of
the alkyl radicsl and reached & maximum et the five-carbuned member.
Durstion of injectior anesthesia rose from butyl to a meximum at n-hepiyl,
while toxioity reached a meximum et the p~hexyl derivative.

As 2 reeylt of the study of s series of N-alkyl-N'-phenyluress

heving alkyl groups from methyl to m-emyl, Hjort and his co-workers (115)

{11¢) Drne, Cox, and Shriner, J. Am. Chem. Scc., 55, 3435 (1933).

{115) Hjort, de Beer, Buck,snd Ide, J. Pharmscol., 55, 152 (1935).
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concluded that the hypmotie potencies increessed two~fold for each ~CHo~
unit added to the aliphatie portion of the molecule, but they reported
no maximum poteney. |

Another illustration of the occurrence of a maximum in physiologiceal
action is the series comprising the lower p-slkoxy acetanilides of which
Phenacetin is the p-~ethozy member. Going from methoxy to butoxy, the
antipyretic asetion incressed to s maximum at ethoxy, =nd the blood
toxieity dropped to = minimum et the seme member {116).

A well known cese of maximum bactericidel properties is that found
in the series of 4-p~alkyl resorcinols, where the n-hexyl homolog hus
the greatest antiseptic aetion, and incidentslly, greater action then
any Cg branch-chained member {117}.

Other physio.mgical effects such as taste ané cdor also exhibit
maxima in potency in eertein series of ecompoundse A group of piperidides
o the fatty acids of from eight to fourteen carbon atoms was prepared
by Asano end Kanematsu (118), end the pungency wea found to reach e
maximun at the nine~carboned member and then to decrezse until at the
fourteen~carboned member, absolutely no taste was observed,

In the sweet tasting compound, Dulein (p-ethoxyphenyluresn), substi=
{118) May and Dyeson, "May's Chemistry of Synthetic Drugs,” 4th Ed.,

Longnsns, Green, and Co., New York (1933). pp 82, 83,
{117} Dolme, Cox, and Miller, J. 4m. Chem. Soc., 48, 1688 (1926).

{118) Aseno end Kanemstau, J. Pherm. Soc. Jupom, No. 331, 75 (1926)
Jeep., 20, 2844 (1926)/



tution of s m-propyl or mp-butyl group for the etinyl group cuused an
ebrupt change from a sweet tzste to & very bitter teste, with & great
imrésao in toxicity {119). A similar change from sweet t¢ bitter was
obaerved in a series of dihydrazides of n-monoalkylmalonic scids {120},
for the methyl, ethyl, and n~propyl homologs were sweet, while ihe
n-butyl member was very bitter. A meximum sweetness was obeserved with
ths p-bexyl member of en homologous series of alkyl chloromalonamides
which comprised the derivatives of the melonic ascids from methyl to
hexyl {121).

The maximum in the odor of the large ringsd eompounds alrsady hes
been mentioned (113). Another series which exhibits & maximum in odor
ig that of the 2«biphenylyl slkyl ethers. In the series methyl, ethyl,
propyl, the ethyl member waes found to heve the greatest fregrance {122).

In view of the cusea which heve been cited above, it seems likely
that desirable phyaiologicel properties may sppesr sgain in some of the
sories 85 the aliphatic chain is lengthened, However, thers remains
still the difficulty of the low solubility in water, a charscteristie
of most of the long-cheined members of these series. One solution of

the problem is to introduce solubilizing groupe into the long~chained

(119) Lorung, Rec. trav. shim., 47, 179 (1828).
(120) Blanksme snd de Gref, ibid., 57, 3 (1928).
(121) Dox and Houston, J. im. Chem. Soc., 46, 1278 (1924}.

(122) Brewster amd Putnam, ibid., 61, 3083 (1939).
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molecules, but it i= known that in some ceses, irtroduetion of carboxyl
or sulfonie groups tends to destroy the physiologiesl ectivity (118).
A better wsy out of the difficulty would be a means of testing whieh
would give eemp&rable results for both soludble and insoluble homologs,
Doubtless, this will be fortheomimg, though #s yet none hes been re-

ported,

IV, Previous Work Alomg Lines Studied in These Investigutions.

Derivetives of Long-Chained Amines., Comparstively few derivatives

of long-chained a2liphatie amines have been deseribed in the litersture,
and meny of those whieh have beer deseribed are unsetisfactory beceuse
ef diffieulties involved in thelr prepsrations, or beezuse of indefinite
melting points, Furthermore, & number of the derivatives reported in
recent years heve appeared in pstent citatlions, et best an urnrelizble
gource of date, Hence there exisis a need for auinentic derivetives of
leng~ohainsd ﬁliph&tie emines,

Turpin (123), one of the first who studied lorg-chained srines,
descridbed seversl derivetives of n-heptadecylaomine. He found that carbon
disulfide snd p~heptadecylemine when heuted a2t 100° gave N,N*-di-n-
heptadeoylthiourea vwhich melted st 94°, and thaut oxidetion of tke latter

with mercuriec exide grve the corresponding ures, which melted at 789,

(123) Turpin, Ber., 21, 2486 (18s8).
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From p~heptadecylemine and phosgene, Turpin prepared n-heptadecyl
isocyannte, and trestment of the latter with aniline gave N-phenyl-N'-
ghaptadcéylurea, which melted at 99°, The corresponding thiourea,
which melted at 79°, resulted from the reaction of the amine with warm
carbon disulfide, followed by treatment with aniline. Benzoyl ehloride
end n~heptedecylemine yielded N-n-heptadecylbenzemide, which melted &t
919; =nd by the metion of potassium cyanate upon the amiﬁe hydrochloride,
Turpin obtained mono-n-heptedecylurea, which meited at 1099,

Jeffreys (124), enother of the early investigators of the pro-
perties of long-chained smines, reported a mmber of derivatives of
n-pentadecylamine, prepared in genersl by Turpin's methods. Jeffreys
deseribed mono-p-pentadeeylurea, N,N'-di-n-pentadecylthiourea, and
N,N'~di-p-pentadecylurea. These compounds melted respectively at 109°,
88.5%, snd 113°, 4Also reported were N-p-pentadecylbenzamide, which
melted at 78°%; N-phenyl-N'-p-pentsdecylurea, which melted at 94°; end
Nophmyl-ﬁ'-g—pantadwyltméurea. which melted at 799, The latter was
preparsd slso by the reaction of the emine with phenyl isothiocyenate.

Some derivatives of unsestureted long-chzined amines were prepared
by Krefft and Tritschler (1£85). Among the derivatives of l0~undecenyl=~
amine were the mono-benzoyl derivetive, which melted at 41-42°, =nd

Ne-phenyl-N'~({10~undecenyl)~ures, which melted et 438°, and was prepsred

'{124) Jeffreys, Am. Chem. J., 22, 2z (1899).

(128) Krefft and Tritschler, Ber., 33, 3581 (1900).



by the sction of phenyl isocyenate upon the amine. 9-Octadecenylamine
formed a monc-benzoyl derivative which melted at 63-64°, end with

phenyl isothiocyanste, the smine gave N-phenyl-N'-(9-octedecenyl)=
thiourea, which melted st 65, With cerbon disulfide at elevated tem-
perature, the snine formed N,N'~di-(9~octadecenyl)~thicurea, which
melted at 73°, 13-Docosenylamine formed & mono-benzoyl derivative which
melted et 74-75°,

More recently Adam (126) reported the preﬁamtion of mono~-p=octa~
deoylures, using potessium cyanate, and gave the melting point of the
urea &s 111°, Adem snd Dyer (80) reported the prepsration of monoe
eicosylurea, which melted at 111.5°%, und N-p-octedecylacetamide {using
acetic anhydride), which melted at 79.5-30°,

kaegeii and co-workers {82) described p-undecylamine hydrochloride,
ypentadocylmim hydrochloride, and p~heptadecylamine hydrochloride.
These compounds melted respectively at 150°, 164~169°, end 158°, They
also reported N-p-undecyleceteamide which melted at 62°, and the corres-
ponding scetyl derivatives of m-pentadecylamine snd p~heptadecylaminej
the melting points were respectively 72° and 62°,
| The preparation of N-n-heptadecylbenzenesulfonamide was described
by naschen’cr;gor and Lachmann (106) and its melting point given as

64.7°, N-p~Hexadecyl-p-toluenesulfonsmide has been reported (127). The

{126) Adem, Proc. Roy. Soc. (London), 1014, 471 (1922),

(127) German Patent 634,687 (1936) /Chem. Zentr., II, 3947 (1936)7.




melting point was given s 87-88°, Two other examples of sulfopamides
derived from long-chained eamines were described in the preceding seetion
(104).

A recent patent (128) cited the preparstion of eliphatic isocysnates,
such as p-octadecyl isoecyanate, and their conversion to substituted ureas
by reaction with the appropriste amines. For exsmple, m-octadecylamine
&nﬁ n-octedecyl isocyanate gave N,N'-di-p-octadecylurea, which melted
at 105-106°, The preparation of monoalkylureas, including those from
h-aumyl=- to p-docosylures, by the sction of nitrourea upon the corres-
ponding amines, hss been described by Buck and co-workers (102, 129).

Long=chained eliphatic seid amides heaving e long-chained sliphatie
radical &8s & substituent on nitrogen are mentioned very infrequently in
the literature. N-p-Heptadecylstearamide was reported (82) as u by=-
produet of a Curtius degradation; its melting point was 88°, Alse
reported (82) was N-p~pentadecylpzlmitamide, which melted at 93°, The
K-ponylamide of eicosanoic acid was prepared by Furukawa (130) and its
melting point reported to be 83,5-84°., Flaschentrager and Lechmenn
(106) prepared the N-n-heptadecylemide of mono-ethyl sebacate and re-
ported ite melting point as 82°,

As fer as can be determined, phenyl isocysnate end phenyl isothio=

(128) English Patent 462,182 (1937) [Chem. Zentr., I, 488% (1937) /.
(129) Buck snd Ferry, J. Am. Chem. Soc., 53, 854 (1936).

{130) Purukswa, Sci. Pspers Inst. Phys. Cham. Research (Tokyo), 13, 39
(1932) [ Chem. Zemtr., 1I, 35902 (1932) 7.
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eysnate have not been employed as reagents for charscterizing lbng-
chained aminea, except in the very few cases clted sbove, Also neg=-
lgeoted, apparently, is the use of p-acetaminobenzenesulfonyl chloride
to form long~chzained sulfonamides by reaction with the approprieste
amines. The use of other sulfonyl shlorides =lsc hes been mentioned
very infreguently with regard to derivetizing long-cheined smines.
Tetraslikylemmonium selts. Tetraalkylemmonlum sslts generally are
derived by addition of an alkyl helide to & tertiary amine (121}, Hesat
is applied to cmuse the remction to proceed, highser temperstures being
required for the higher moleculsr weight hslides. The recent litereture
describes a grest number of tetrealkylammonium compounds heving one or
more long-chained aliphatic radicels in the moleculs, The comrounds
are derived from eliphetiec amines, eromstic emines, or cyelic tertiary
srines, Because s0 very many compounds of this type have been reported,
sspeeially in the patent literature, no attempt is mmade here to provide
& comprehensive review of the fileld, However, oxamples are given to
indiecte some of the types which have received attention.
Cetylpyridinium chloride, the produet of the condensation of nw
hexndecyl shioride and pyridine, was mentioned earlier with regard to
its hactericidal sction {108). Another queternary compoumd which was
¢lainef to have bactericildsl sction is N,N-diethyl-N-dodeecyloxymethyl=

(131) Hickinbottom, "Reactions of QOrganic Compounds,® Longmans, Green,
and Co., Kew York (1936) p. 300.



S-methoxyphenoxyethylammonium ehloride (132),

Karrer (133) prepared m-dodecyl~, p-tetradecyl-, n-hexadecyl-, and
bn-octadecylpyridinium chlorides by heating pyridine and the appropriate
alkyl chloride in & sealed tube for fifteer hours at 110°. Docosyltri-
methylammonium bromide wee prepzred by v. Brzun =nd Buckhmen {134) by
heating docosyl bromide with trimethylamine in benzene at 100°,

As far es cun be determined, the only reported long-chzined
tetraalkylammonium halide having '&ll four long~chained radicals alike
is tetra-p-hexadecylemmonium iodide. This salt wés prepsred by Girard
and Fournesu (135) by passing gaseous ammonia into molten h~hexndecyl
todide at 200°,

The preperation of the p-octadecyl homolog of the sbove compound
wag of interest in this investigrtion both from the standpoint of
homology and as & derivative for tri-p-octadecylamine. It was desired
aleo to exemine its properties for posaible organomo:tallic character,
since certain substituted ammonium eompounds, for example, triphenyl=-
methyltetramethylemmonium, exhibit resetions typlesl of the correspomding

orgenoalkali compounds {136).

(132) German Patent 687,880 (1936) /C.A., 30, 6136 (1936)7 .
{133) Karrer, Helv. Chim. Acts, 21, 283 (1938).

(134) v. Breun =nd Buchmen, Ann., 472, 121 (1929).

(135) Girsrd and Fourneau, Bull., soc. chim., /4/ 37, 1669 (1925),

{136) Gilmen, "Organic Chemistry,® John Wiley and Sons, New York (1938)
?0}.. I, Pe 444,
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Long-Chained Barbituric icids, The preparction of long~chained

barbituric scids has not been studied to any great extent. No dbarbie
turic ecid baving a long-chained radical in the B-position has been
described, and only ome publication (102} relative to barbiturie acids
having long~chained radieals in amy other position has sppeszred.

In the present investigation, interest was centered upon higher
homologs of Berbital, 5,5-dlethylebarbituric scid. One ethyl radicsal
was reteined while the other was replaced by long=-chained groups. The
highest homolog of this type yet reported is S-ethyl-B-p-heptyl-barbi-
turie acid (137).

Although the long-chuined barbituric acids have not heen investi=
geted extensively, numerous long-chained malonic esters have been
prepared., Since these ere intermedistes in the synthesis of the barbi-
turates, some of the research concerned with the diethyl ethyl~n-
alkylmalonates is described here.

The prepearation of diethyl ethyl-m~dodecylmalonate was reported by
Stanley, Jay, =nd Adems (138). It was prepared in the ususl menner
from the sodio-derivative of diethyl ethylmalonate and dodecyl bromide.
The same authors also reported the preparation of dlethyl ethyl-n-

tetradecylmelonate. The petetradecyl-substituted ester wus prepered ulso

{137) Carnot and Tiffenesu, Compt. rend., 175, 242 (19z2).

(138) Stenley, Jay, and Adems, J. Am. Chem. Soc., 51, 1261 (1929).



by Brunner and Wiedemann {139} by refluxing n-tetradecyl iodide with
the sodio-derivative of diethyl ethylmalomete. Chargaff {140} prepsred
the p-tetradecyl compound in essentially the same manner, except that a
more concentrated reaction mixture was employeds The higher homolog,
diethyl ethyl~-p-docosylmelonate was prepared by Chargaff from p-docosyl
iodide and the appropriate malonic ester.

8,5-Dlalkyl~barbituric seide are prepared generally by condenaing
a substituted malonic eater with urea (or a substituted urez) in the
presence of sodium ethylate {141). Usually the resction is carried out
in a suitable pressure vessel at = temperature of 100-110°, In some
cages, the di-acid chloride of the appropriately substituted malonie =cié
hezs been used in plesce of the diethyl ester (141), but the yields of
barbiturates are lower. Roichert snd Wilke (142) prepared berbiturcztes
by heating a concentrsted reaction mixture to sbout 150° under reflux,
end Buck and his co-workers (102) prepered the long-chained barbiturates

by refluxing an alecholie solution of the resctants for several hours.

Homologs of Phemscetin, Phenacetin, N-(p-ethoxyphenyl)acetamide,

(139) Brumner end Wiedemanm, Monatsh., 66, 438 (1935).
(140) Chergarf, Ber., 65, 745 (1938).

(141) Pischer znd Dilthey, Ann., 335, 334 (1904); Dox and Yoder,
J. An. Chem. Soc., 44, 1578 (1922).

{142) Reichert and Wilke, Arch., Pherm., 276, 598 (1938).
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was prepared by Hinsberg (143) from pesceteminophenol snd ethyl iodide
in the presence of strong sediuwm hydroxide solution, Hinsberg alse
prepared the propyl =nd isoemyl analogs in the same manner. K-{p-n-
amosyphenyl)scetemide, the highest reported homolog of Phenacetin, was
prepared by Splegel and Sabbath {14_4) by acetylation of p~cminophenyl
n~amyl ether. The n-amyl p-nitrophenyl ether used ss starting msterial
wag prepared from potassium p-nitrophenate znd p-smyl bromide in en
autoclave at 180°, and the mitro ether them was reduced with tin and |
hydrochleric scid to the amino ether. Incidentally, n-amyl p-nitrophenyl
ether iz the highest reported ether of that series.r

Neither long-chained-alkyl p~nitrophenyl ethers nor the corres-
ponding p-scetaminophenyl ethers have been described in the literature.
However, some long-chained-alkyl phenyl ethers have been reported.
Eijm (145) prepared n-hexsdecyl phemyl ether by heating n-hexadecyl
iodide with potassium phenate im an sutoclave at 140°, using s mixture of
ligroin and sbsclute alcohol es the solvent. n-Decyl phenyl ether wes
prepared by Komppe and Talvitie (146) by boilimg en szleoholic solution
of sodium phentcte and n-decyl iodide.

Homologs of Duleim. Dulein, p-ethoxypbenylureas, wus prepered by

(143) Hinsberg, Ann., 305, 278 (13899).
(144) Splegel and Sebbath, Ber., 34, 1942 (1901).
(145) Eijkmen, Rec. trave. chim., 12, 182 (1893),

{146) Komppa and Telvitie, J. prakt. Chem., /27 135, 199 (1832).
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Berlinerblsu (147) from p~phenetidine hydrochloride and potassium
eyanate, The n-amyl homolog, p-m-cmoxyphenylures, was prepared by
Splegel nnd Sabﬁath ( loc. cit.) by heating the corrosponding emine
lw&mahlar;da with urea. The p-amyl comvound is the highest recorded
homolog of Dulein, and was reported to be both bitter and toxie.

The longw~shained~alkyl p-nitrophenyl ethers prepared in the
present investigation served za sturting materisls for the higher homoe
loge of Phenscetin snd for those of Dulein. Direet preparation of
homologs of Phenacetin by forming the long-chained ether of p-ucetemino=
phenol was unsatisfactory.

Dihydrazides of Lomg~-Cheined-Alkyl Mslonic Acids. Curtiua (148)
prepared 'ﬁho dihydrazide of malonic mcid from diethyl melonate and
hydrazine hydrate at 120° in o sesled tube., Hoe did not investigate the
tagte of the derivative. Likewise Blilow {149), who prepared the
dihydrazide of methylmalonie acid, did not observe whether any tacaste
was present. Some years later, Curtius (150) reported the preparation
of the dihydrazlide of p~propylmalonic scid by refluxing diethyl a-propyl-
malonate with hydrazine hydrate, but again no taste was reporteds.

The sweet taste of the p-slkylmelonic ecid dibydrozides

(147) Berlinerbleu, ibid., /% 30, 103 (1884).
(148) curtius, ibid., /27 51, 187 (1895)
(149) Bulow, Ber., 33, 3372 (1906).

{(150) Curtius, J. prekt. Chem., /&/ 125, 225 (1930).
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JRCH(CONHNHz) g/ wes described first by Blankems and de Greef (120) who
reported the preparstion of the dihydrazides of malonic acid and of
methyl-, ethyl-, n-propyl, and p-butylmelonic acids, and found thut the
first four compounds possessed s sweet tzste, The dihydragides were
prepared by heating & concentrated alcoholic solution of hydrazine
hydrete end the appmpriéte diethyl n-alkylmslonate for several hours
at 100° in & seasled tube. The p-butyl compound is the highest homolog
described 1n the literature.

Rumerous mono~long-chain-gubstituted malonic esters, the starting
materisls for the long-cheined dihydrazides, have been prepared by
customary procedures. Diethyl n-dodecylmalonate wes prepzred by Roth=
stein (151) from p~dodecyl bromide amnd the momo-sodio-derivete of diethyl
malonate, A series of mono-long-chein-substituted malonic esters wae
prepared by Verkade and Coops {52). The substituted esters included
those from n-decyl to n-tetradecyl, end wers prepared by condensing the
alkyl bromides with diethyl sodiomalonate in bolling sleohol., Brigl
(152) prepered diethyl m-hexsdecylmelonate by esterification of nehexa=
decylmalopic scid, znd several workers (80, 153) have reported the pre-
peration of diethyl n-octadecylmalonszte from octadecyl iodide. However,

this ester was never isolated, but wes converted directly to the

(151) Rothstein, Bull. soc. chim., /57 2, 80 (1955).

(153) Bleyburg and Ulrich, Ber., 64, £504 (1931); Meyer, Brod, and Soyka,
Monetsh., 34, 1152 (1913).



corresponding scid, The preparstion of diethyl n~docosylmslonate from
n-docosyl iodide wae deecribed by Meyer and co-workers (153) und by
Levene and co-workers (154).

Long=Chained Azo Dyee. Few mzo dyes conteining long~chained ali-
phatic radicale have been deseribed in the literature. A patent (18535)
granted to Sulzberger repcrted the prepzration of a series of long=
chained 220 dyes from N-aryle-substituted aliphatic smides such &8
stecrsnilide, The anilides wers nitrated {ggzg), reduced, end diazetizod,l
end the resuliing disvonivm sslts were coupled with phenols 6r naphthols
to give producets which veried in ecolor from yellow to intense red. In
eddition to stearsnilide, the enilides of palamitie, oleic, erucic, and
brassidic acids were found suitazble for use, Dizzotization wus efe=
feeted by means of sodium nitrite znd glaelzl acetic acld, but detaila
of the procedure aznd constants of the compounds obta;ned were not

reportad.

In copneetion with their investigation of lipophilie chemothera=
peuticals, Bergmenn end Baekelberg (107) prepered some long-chained zzo0
dyes. Stesroyl chloride mnd benzeneazo-3-nephthylemine when hested with
potassiva carbonate ylelded l-benzeneazo-Z-steasroylsminonmephthelene,
which melted at 88°. In the scme way, 4~benzeneszo-lestesroylemine-
{154) Levene, West, Allen, and Van der Scheer, J. Biol., Chem., 23, 73

(1915).
(185) Germen Patent 188,809 (1906) /[Chem. Zentr., LI, 1668 (1907) 7.
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naphthalene was prepared from stearcyl chloride snd benzeneazo~d=-naphihyle
anine, The dye melted at 140.5°,

Fiertz-David and Kuster (156) prepasred a series of leacylemino-7-
hydroxynsphthalenes, in which the aeyl group wvaried from doeéﬁcyl o
nonadecanoyl, and coupled them with diagotized aniline-2,85-digulfonic
&cid to form the corresponding azo dyes., For extmple, by treating =a
sold alksline solution of l-stesroylemino~7-hydroxynsphthalene with &
cold acidie solution of diszotized sniline~2,5-disulfonic acid, =2nd then
adding alkali, sodium 2'-hydroxy-8'-stearcyleminonsphthalene-1'~azoben-
zene=2,5=disulfonate was obtained. The sodium salis were very soluble
in water, and since they were used a=z such, no melting points of the
acid forme of the dyes were reported.

The last two investigstions did not involve the dimzotizaticn of
eompounds containing long-chained aliphatic radicals, and elthough
Sulzberger's work was concerned with diazotization of long-cheined
compounds, the procedure was not described, Therefors it was the pur-
pose of the present work to develop & method for diezotizing end coupling
long-chain-substituted aromatie amines, such es p-dodecoxyaniline
[§3013325065H4ﬁﬂé7. It wes hoped that the dyes might serve as deriva~
tives for the corresponding smines end also that they might find applice-

tion as therspeutic sgents or as coloring sgenta.

Sulfonstion of Long-Chnined jmines. Sulfonation of lopg-chained

{156) Fiertz-David and Kuster, Helv. Chim. Acte, 22, 82 (1939).
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smises hes Bot Deen described in the iitersture, spd 1ndsed, l'ew reports

of sulfonations of long-chained compounds of any type have appeared,
Apperently no attention hes been given to the sulfonstion of wholly
alipheatie lopg=-chained compounds, and long-cheined compounds contoining
aromatic nueclel ususlly sre foumd to undergo sulfonation in the aromsutie
porticn rether than in the aliphatic ehaln,

Erafft (157) obtained a momosulfonic ecid from both p~hexadecyl-
and p-octedecylbenzene. That sulfonation tock place in the plenyl group
wig shovn by cenverting the sulfonic seids to phenols by menns of slke-
line fusion., Adem (158) &nc Seidel zné Engelfried (159} repeated the
sulfonation of p-octedecylbenzene but dié pot prove the poeition of the
sulfonic group, other than to show it wes in the crometic rings. McCorkle
{160}, in stuéies of the zulfeneticn of p~phenylstearophenone and p=
phenoxyphenylstearophenone, found that with sulfuric scid p-phenyle
etenrophenone gave 4-stesroyl-4'-biphenylsulfopic acid, ard with chloro~
gulfonic zcid, yielded s trisulfonic secid in which two of the sulfcnic
groupe epparently were in the aliphstic side chesin. p-Phenoxysteero=
phenone with sulfuric scié gave a monosulfonic acid in which the

sulfonic group wes shown to be in one of the sromatic nuelei, although

(157) Krafft, Ber., 19, 2984 (1886).

‘158} Adam, Proc. Roy. Soc. (London)’ 1034, 684 ‘1923).

{159) Seidel and Engelfried, Bex., 69, 2567 (1936).

{160) MeCorkle, Doctoral Dissertation, Iowa State College (1933) pp.98-
100,



the position wag not establizhed,

The purpoas of the sttempts to sulfonate tri-n~octadecylamine was
to introduce water-solubilizing groups into one or more of the aliphatie
radicals, If a satisfactory method were developed, then thet method
might be applicable for introducing sulfonic groups into the sliphatie
portions of other long~chained compounds.

Tetrskis{n-alkyleminomethyl)methenes. The prepuration of poly=

amines of this type hes bsen studied only with low molesular weight
emines. van Alphen {161) prepared tetrakis{methylaminomethyl)methsne
by hesting penteerythrityl bromide with an aqueous aleohol solution of
methylemine at 150°, and Litherland and Mznn (162) prepared tetrskis=
(p~toluenesulfonamidomethyl)methene by heating pentserythrityl bromide
with the N-sodium derivative of p~toluenesulfonamide. Bydrolysis of the
substituted methane with sirong sulfuric acid gave tetrakis{sminomethyl}-
methane, snd the latter, upon treatment with dimetnyl sulfate, gave
tetrekis{dinethylaminomethyl}methane.

The preparation of tetrakis{m-octedecylaminomethyl)methune was
undertasken in order to obtaln a completely symmetrical long-cheined
aliphatic polysmine which would bé ugeful for studies of the relation

between vlzeosity and structure. In connection with such studies,

(161) van Alphen, Rec. trav. chim., 57, 265 (1338).

{182) Litherlend end Mann, J. Chem., Soc., 1588 (19i8).
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Staudinger (163) investigated certein long-chained smines, including
Nemethylocetadeeylemine and others.

Motslstion of Lonp-Chained Compounds, Metalation of lomg-chained

ecampounds has not been investigated extensively. Gilman and Bebb (164)
reported that no metalation of k-hexadecane by n-butylsodium wes ch-
served in benzene, petroleum ether, or p-hexudee=ne itself. However,
Webb (168) found that the long-chained ether, p-octadscyl phemyl ether,
underwent metalation with m-butyllithium to give (subsequent to carbopa=
tion) g-octadesoxybenzoic acid., Metslation of another long-chained ether
was studied by Mesls {186), who subjected resorcinol di-p-octadecyl ether
to the action of g-butyllithium, and upon cerbonation of the resotion
mnixture, obtained a smell yield of scidiec materiasl, se yet unidentified.
In the present investigstions, the metalstion of long-chained
compounds wes underteken primarily with regurd to the extension of the
phenomencn of homology tco the higher members of certein series. Gilmen
znd co-workers (167) reported the metelation of diphenylemine with p=~
butyllithium; subseguent to cerbonetion, N-phenylanthranilic scid was

isolateds Henece it weas of interest to study the metalstion of N~sthyle

(163) Stauéinger, Ber., 69, 49 (1936).
(164) Gilmsn end Bebb, J. Ame Chem. 500., &l, 109 (1939).
(165) ¥. J, Webdb, unpublished rssults.
{166) R. K. Heals, unpublished results.

{167) Gilmen, Brown, Webb, end Spstz, J. Am. Chem. Soc., 68, 978 (1940).



diphenylamine and of the higher homolog, N-n-dodecyldiphenyleomine., These
conpounde were also of interest in conneetion with the metalations
previously observed with earbazole (168) and N«ethylearbazole (169},
both of which gave monometalation ortho to the nitrogen atom upcn treat-
ment with n-butyllithium.

Metalation of m-lonmg-chained-alkylbenzenes was intended to provide
informetion on the structure of compounds obtzined by the Friedel~
Crafts slkylztion of benzene. ¥etzletion in the sliphatic side chein
might 814 in determining whether rearrangement of the normmel long chain
of the alkyl halide had ocecurred during the course of the alkylstion

reaction.

8ince methyl phenyl sulfide gave lstersl metslztion with o=
butyllithium, whereas ethyl phenyl sulfide geve metzlation in the ortho-
position of the phenmyl group (170), it was of interest to investigute
the metalation of e p-lomg-chained-alkyl phenyl sulfide, such 28 phenyl

p~tetradecyl sulfide.

{168) 8. M. Spstz, unpublished results,
{169) Gilmen and Kirby, J. Org. Chem., 1, 146 {1936).

(170) Gilmen and Webb, J. An, Chem, Soc., 68, 957 {1940).
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EXPERIMENRTAL

I. Derivetives of z-Octadecylamine.

A. Preparation of n-Qctadecylemine.

1. ¥et reduction of Stearonitrile. Twenty-five gramns {0.094 mole)

of stearonitrile (171) was dissolved in 275 ec. of pure butsnol contained
in & one liter, three-necked flask, fitted with a lopg reflux condenser
snd & 12 mu, glass tube about tem inches long for introduction of

sodium. To this solution, 15.2 ge (0.66 g. atom) of sodium, cut into
small pieces, was added fast enough to mesintein refluxing. After sll
the sodium had reacted, the mixture was allowed to cool somewhnt, 275 ce.
of water was added, and this mixture was refluxed for 3.5 hours. Having
baen cooled to room tempersature, the reuction mixt;xre was transferred

t0 a geparatory funnel and tﬁa lower layer drawn off., The upper lsyer
wan steam distilled, leaving a gel-like solid sbove the residusl weter.
The solid wes dissclved in 350 ec, of sloohol end the solution was
saturated with hydroges chloride. Coolimg in the refrigerstor for two
hours geve Z1.8 g. of p-octadeeylamine hydrochloride, gcmme-ml.
Two and three-tenths grame more was obtained from the filtrate, making

the total weight of produst 24.1 g. The yield wes 83.6%.

171) Reslstom, Berwood,znd Poole, J. Am, Chem, Soc., 59, 987 (1937);
{ teﬂarn;. Doctoral msacrtétfonﬁomtamslﬁée {1938) p. 56.
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To obtain the free emine, 18.2 g. (0.059 mole) of the hydrochloride
was mixed thoroughly with 6 g. of lime. The mixture was placed in &
125 co. modified Claisen flask end warmed until it was molten, Then the
emine was distilled under curbon dioxide~-free atmosphere, giving 11.3 g.
of p-octadecylamine, b.p, 172-173%/2 mm.; the yield being 71% based on

the hydrochloride.

2. Cstelytic reduction of Stesronitrile (172}, Twenty-five grams

{0«044 mole) of stearonitrile was placed in the bomb of a Parr Hydro=
genator with ® g. of Reney nickel catalyst. The bomb was closed and
ammonie gee was introduced until the geuge pressure in the bomb was

160 1bs,/sq.in. Then hydrogen was introduced until the totel pressurs
was 225 1bs./sq.in.; the bomb was heeted to 140°, znd wes rocked at this
tezperature for 1.5 hours. The product was dissolved in alcohol, the
solution {iltered, and the filtrate worked up in the gseme manner ae
deseribed for the alcohol molution sbove, The distilled produect weighed

20 g., representing e yield of 77.3% of the theoretical.

B. Preperastion of derivatives.

1. Preparation of N-n-Octzdecylbenzemide, n-CigHgyNHCOCgHs. One

gram {0.0037 mole) of m-octadecylamine wes dissolved in 20 ce. of dry

benzene, and 0,548 g. (0.0032 mole) of benzoyl chloride was edded, The

{172) McCorkle, unpublished results.
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solution was refluxed for 1 hour, washed with sodium carbonuate solution,
dilute hydrochlorie aeid, and water, and dried with sodlum sulfate.
Evaporation of a smell smount of the solvent, followed by cooling gave
traceg of p-octzadecylamine hydrochloride, which were removed by file
tration, Further evaporstion and cooling of the filtrete gove 0.7 g.
{51%#) of the desired amide &s & white crystalline solid, neliing &t
85-87°,

Anal, Celed. for CogHsnON: N, 3.75. Found: N, 3.79, 5.8,

2. Preperation of Nen-Octadecyl-p~toluenesulfonamide, p~

CHzCgHySOoNHC gHan~ne Five grems (0.0186 mole) of pwoctadecylamine and
3.1 g« {0.0183 mole)dof prtoluenesulfonyl chloride were dissolved in

© 100 ce. of dyy benzene. To the solution was added 25 ce. of 10% sodium
hydroxide, and the resultsnt mixture was refluxed for 1 hour. The
layers were separsted while hot, the upper (benzene leyer) was washed
with warm dilute slkall end with water, =né then wes éried by refluxing
with sodium sulfate, The dry filtered solution wes cooled in the
refrigerator overnight, yielding 5.1 g. of colorless sclid, melting st
88-90,5°, This wes recrystellized from & £:1 mixture of pet. ether
{bspe 60~68°) and benzene, to yield 5.0 g. (72.98) of colorless platee
of the smide, melting =t 39-91°,

Apele Celcds for Cosflys0oKS: N, 4,12. Found: K, 3.3, 4ule
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Solubility: S0% ethanol < 0.5 g./100 cc.
80% eth&nbl < 0.5 g./lOG CCu

olive oil 0.8 2./100 c¢. 4n the hot

3. eparation of N~{p-acetsminobenzenesulfo -n-octadecyle »
P-CHzCONHCgH 80 pNHC 1 gHgy-n. Two grems (0.00912 mole) of p-acetaminoben=
zenesulfonyl chloride (173) waes dissolved in 40 ce. of dry ethylene
chloride, snd 2,50 g. (0.00928 mole) of m-octadecylamine were added to
the solution. Then 12 ce. of 10% sodiwr hydroxide was added, snd the
mixture was refluxed for Z hours. The mixture was then cooled to room
temporature apd filtered, leaving & residue of 4.0 g. of white solid
n-el*.sing at 127-181°, The latter wes dissolved in slcohol, the solutiom
boiled with Norit, filtered and cooled, whereupon & deposit of 2.6 ge
of white pletes appeared, The crystals melted at 130-131° and repre-
sented 62.7% of the theoretical yield.

Anal., Csled. for CggHgeOzNgB: S, 6.85. Foundd 3, 6.86, €.99.

Solubility: 80% ethanol < 0.5 g./100 ae.

olive oil < 0.5 g./100 ce.
4., Preperstion of N-(p-sminobenzenesulfonyl}-n-cctadecylzmine,
R-HgNCgH 50 NHC) gEz7-n,

a. Test run. Ome-half grem (0.0ll mole} of the p-mncetsmino

compound (previcus preparation) was dissolved in a hot mixture of 10 ec.

{173) Gilmen, "Orgenic Syntheses,” Coll. Vol., I., John Wiley &nd Scns,
New York (1932) p. 8.
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of acetone, 15 cc, of aleohol, end 10 ce. of 1:1 hydrochloric scid, The
mixture was heated to refluxing, and after sbout 135 minutes, = white
flocculent solid began to seperate., Refluxing was continuved for }

hour, then the mixture was cooled and filtered, lesving the insoluble
material, which was washed severzl times with ether. The white crystale
line produet (0.43 g.) melted &t 200-215° (I} and apparently wes the
hydrochloride of the desired p-zminobenzenesulfonyl-derivative, There=
fore, {I) was treated with the csleulsted smount of sodiwm carbomate in
a water-aleohol mixture such that all the resctesnts were in solution at
the boiling point. After having been hested thus for about 1 hour,

the mixture was cooled, snd deposited = white solid. The latter was
extracted several times with hot alcohol, end from the combined extirzee-
tions there was obtuined = white crystalline solid, m.p. 117-118° (II).
A portiom of (II) was treated with hydrogen chloride gus, yielding a
precipitete melting at 200-210°, and when this product wes treated with
emmonis gas in benzene, (II) wes regenerated as evidenced by a mixed
melting point, Another portion of (II) was acetylated by refluxing

with scetyl chloride in dry benzene for 2 hours, Afier recrystallize-
tion from alcohol, the product melted at 128-130°, snd 2 mixed melting
point with the original p-scetamino-derivative showed no depression.
Hence it was concluded thet the hydrolysis with hydroehloric seid hed
removed only the acetyl group and thet the desired p-amino-compound had
been obitained. Seversl veriatione of proeedure were investigated £n

order that the compound might be prepared in good yield. The best



- 88 -

procedure found is described in the following experiment,

b. Procedure developed from several runs. One gram (0,0022

mole} of N-{p-ucetaeminobenzenesulfonyl)-m-octadecylamine wes dissolved
in a mixture of 20 cc, of 13l hydrochloric aecid, 30 eo. of alcohol, end
20 c¢c. of acetone. The solution was refluxed gently for 1 hour, ecoled,
and filtered, yilelding 0.9 g. of the hydrochloride of H-(ramino-
henzenesulfonyl)-g_—oct&docylmine. or 91% of the theoretical., ¥ithe-
out further treatment, the hydrochloride was suspended in a mixture of
30 ec. of benzene and 40 cc. of absolute slcohol, end ammonis gss was
introduced, causing evolution of heat and gradusl solution of the solid.
Finelly the mixture was warmed gently until solution was complete, then
the solution wes cooled to sbout 10°., The white solid which separsted
was filtered off and wsshed with ether, then reerystallized from scetone,
giving 0.9 g. {73.6%) of Ne{p-aminobenzenesulfonyl)-n-octedecylemine,
melting at 119-121°,
Anel, Caled. for CgqHs402RS: 8, 7.54. Found: 8, 7.64, 7.56.
Sclubility: 80% alcohol <1 part/md

olive oil < 1 pert/100

5. Prepsration of N-n-Octadecylatesramide, n-CjgHznNHCOCpHyy.
e. Preparation of stearoyl chloride {174). Fifty grems (8.176

mole} of stearis acid (175) was placed in & 200 e¢e, round-bottomed,

{174) Directions kindly provided by Dr. A. W. Ralston of the Research
Laboretories of Ammour and Co., Chicago.

{175) W=shed with hot 1:1 hydrochlorie acid, then crystallized from acetone.



three-necked flask, fitted with s condenser, stirrer, and dropping
funnel, and the flask wes heated in an oil bath held st 80=90°, Then
with stirring, 24.5 g. (0.201 mole) of purified thionyl chloride {176}
wag added dropwise to the molten aecid during about 40 minutes, At the
end of the zddition, the reaction mixture wss held st 95° for 2 hours
with continwous stirring.

The mixture wzs transferred to & Claisen flask with benzene, and the
benzene and excess thionyl chloride were removed under aspirator vmcuum,
the bath being held at 100°. The temperature of the bath was graduslly
raiged to 185~170°, where it was held until no further distillation
oceurred, The residusl muateriel was distilled at S mm., and the frace
tion boiling at 186~191° teken as product. This weighed 43.3 g, Tepre=
senting 81% of the theoretieal yield.

b. Preparation of N-p~Octadecylstearsmide. One and one-helf
grems (0,005 mole) of stesroyl chloride end 1.35 g. {0,005 mole + 0.05
g+ oxcess) of peoctadecylamine were dissolved in 20 cc. of ethylene
ehloride, 0,40 g. of pyridine wse added, end the solution was refluxed
for 4 hours. A white solid, melting et 93-97° was obtained by
cooling, This wee boiled for 10-15 minutes with 30 c¢c. of ethyl acetate,
in which it was alightly soluble, The mixturs was filtered rapidly; the
insoluble material left on the filter melted at 93-98°. This materisl

waa almost completsly dissolved by 75 c¢o. of boiling ethyl acetate, so

(176} Plessr, "Experiments in Orgenic Chemistry,® Heath and Co., Boston
{1935) p. 339.
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the emell smount of insoluble golid wes filtered out snd wsshed twice
with hot athyl soetote. The filtrrte wesp evaporated to 30 cecs, snd upon
cooling, deposited white erystals, melting at 94-97°. The some pro-
cedure with ethyl scetate was opplied to this product, and thus wes
cbtained 1.1 g. (41%) of N-p-octadecylstesramide, m.p. 96-97°,

Anel., Celed. for CsghHpa0N: N, 2.62, Found: N, 2.04, 3.0.

6. Preperstiop of N-Phenyl~N'-n-octudecylures, CgHgNHCONHC, oHnp-n,
One gram (0.0037 mole) of p-octadecylemine wes dissolved in 20 cc. of
dry pet. ether {b.p. 60-680) and 1.0 g. (0.0084 mole) of phenyl iso=-
oysnate was added, causing the immediste appearcnce of & white precipi=-
tete., Tem cuble centimeters of benzene waa sdded {o meke = solution,
and the resction mixture wes refluxed for & half-hour., &t the end of
thie time, cooling under the tap ceused the sepsrstion of 2 bulky white
solid, which was filtered off snd washed with cold pet. ether (b.p.
60-68°) snd with dlethyl ether. The crude product weighed 1.56 g. =nd
melted at 97-1000. I4% wes recrystellized from & mixture of 20 ce. of
pet. ether (b.p. 60-68°) and § ¢6. of dry benzers, wsshed with ether,
snd dried in a vecuum desiceator. The purified produet melted &% 99-100°,
weighed 1.35 g., #nd ropresented o yield of 92.6% of the theoretieceal,

Ansl, Caled. for CpsHeeOMa: K, 7.21. Found: N, 7.44, 7.40,

7. Preparetion of N-Phenyl-N'-n-octedecylthioures, C HNHCSNHC, .-

Hzg=p. One gram (0.0074 mole) of phenyl isothiocysnete wes dissolved inm

15 ce. of dry pet., ether (b.p. 60-68%), and 2.0 g. (0.0074 mole) of
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b-octacedylamine was added. The solution was refluxed for 1.25 hours,
then cooled to room temperaturs, whereupon a white crystalline sclid wee
deposited. The lattor was removed by filtration, and washed several
times with pet. ether (b.p. 60-680), then with diethyl ether. After

two orystallizations from pet, ether (b.p. 60-68°)}, there was obtained
2.46 g. (828} of the desired thiourea, m.p. 86,5-88°,

Ansl. Caled, for 6853448338 8, 7.92., Found: 5, 8.2}, 8.85.

I1. Derivatiyves of Di-n-octadecylamine.

A. Preparation of Di-p-octadecylamime (177).

Beventy-~five grams (0.238% mole) of stearonitrile was placed in a
Parr Hydrogenator bomb (cepescity, 500 ec.} with 15 g. of 37 KiF catalyst
{178), =snd hydrogen was admitted until the pressure wes 1650 1lbs./sg.in.
The bomb wes hested to 210° emd then rocked at thut temperature for 2.5
hours, The cooled contents of the bomdb were extracted with hot =lcohol,
and the resulting mixture filtered while hot to remove the catalyst,

To the filtrete wes sdded enough hot elcohol to make the totsl volume
of solution about one liter., The solution was thoroughly cooled, and
the di-n-octadeeylamine filtered off. The product welghed 57.4 g.

{70% of the theoretical yield), and melted at 70-72°,

(177) McCorkle, Doctorsl Dissertation, Iows State College (1938) p. 69.

{178) Adkins, Folker, and Conner, J. Am. Chem. Soc., 54, 1138 (1932).



B. Preperation of Derivetives.

1. Preparation of Ne{p-toluenesulforyl)-di-p-octedecylemine,
PCEaCeH S0oN(n=CygHan)g. Two and two-tenths grems {0.00421 mole) of
di-p-octadecylemine and 0,788 g. {0.00385 mole) of p-toluenesulfonyl
ehloride were dissolved in 40 ee, of benzene and 10 ce, of 10% sodiwm
hydroxide was added. The mirture wes refluxed fcr 5 hours, then, while
8till warm, the Lenzene layer was separsted, weshed with sodiux care
bonate solution {2%) «nd with water, and dried over sodium sulfste,
One~fourth of the benzene wes now removed by distillation, and hydrogen
chloride waz introduced into the remsining solution, csusing precipita=
tion of 0.57 g. of the amine hydrochloride (m.p. 175-178°%), which wes
renoved by filtration. The filtrate was concentrasted somewhst and
enough methanol wes edded to produce a slight turbldity while hot. When
cooled, the solution deposited a mess of glistening white plutes, which
were fﬂtsm off, redissolved in benzene-methanol mixture, treated with
Forit, and reprecipitmted by cooling. The produet thus obteined melted
at 53~61° and weighed 0.66 g., 2 yield of 23,25,

Ansl, Caled. for CqH 088t 8, 4.74. Founds 8, 4.56, 4.5ds
Solubility: S0% aloohol < 1 g+/100 ec.

olive oid 1.2 g./100 ce.

2. Attempt to prepars N,N-Di-m-octsdecylatesramide, C;npBsgCON(n-

CynHaylo s Two grams (0.00384 mole) of di~-p~octadecylemine end 1.3 ge

{0,0043 mole) of stezroyl echloride were dissolved in 20 ce, of hot
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prridine. The solution was refluxsd for £ hours, thén cooled in &n ice
bath, wheresupon 2 msss of almost colorliess plates sspareted. These were
filtered off, and weshed several times with ether, after which the weight
was l.89 g., the melting range, 135~1699, The solid product was re-
erystallized from Z0 ce, of alcohol, &nd thereby, l.71 g. of Gi-m-octa-
Geeylanine hydrochloride, m.p. 167-171°, was cbisined.

The originel filvrste, after removal of ether, was poured inte
50 e¢, of Soiialcohnl, the mixture wes hested for a short time on the
steam bath, then coocled in ice water. The brown wexy solid which
ramained on the surface was skimmed off and precipltated from ethylens
chloride, giving & white powder, m.p. 68-70°, Since this value was close
to the melting point of the amime {70-72°), = portion of the solid was
dissolved in slcohol and treated with hydrogen chloride in sn sttenpt
to preelpitate the emine hydrochloride. However, instesd of the ex-
pected hydrochloride, ethyl stearste (m.p. snd mixed m.p. 33-340) was
obtzined by cooling the solution., Therefore, the s0lid which melted ot
£8«700 was probably stearic ac¢id. It was identified as atearic zeid by
preparation of stemranilide (m.p. and mixed m.p. 93-94°), Seversl other

runs with variation in proesdure gove none of the desired emide.

3. Attempt to p re N- neetaminobenzeneaulfo -] ctow

decylemine, p-CHzCOMHCgH SOoN(n=CygHar)os One end sixty-five hunéredths
grams (0.00314 mole) of di-poctedecylamine and 0.446 g. (0.00517 mole)

of p-acetaminobenzenesulfonyl chloride were dissolved in 20 ee. of
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ethylene chloride; 6 cc. of 10% sodium hydroxide was added, end the
mixture was refluxed for 4 houra. Upon cooling, the reaction mixture
yielded & white s0lid, ihich wae erystallized from alechol =nd melted

at 68~71°% A mixzed-melting point detemination with di-p-octadecylemine
showed no depression. However, when & portion was trested with gaseous
hydrogen chloride in benzene, it gsve a product which melted =t 70-80°,
while di-p-octcdecylamine, under the same conditions, gsve = solid
melting st 170-1789,

Therefore the s0lid which melted at 68-71° wes reerystallized from
£:1 alcohol-acetons, yielding = product melting et 719, This was
anelyzsd for sulfur.

Ansl. Caled. for CqqligoOsNpS: S, 4.44. Foundt 8, 3.70, 3.71.
Apperently, then, the solid wes & mixture of di-p-octadecylamine, the
amine hydrochloride, end the desired product, so another run was made to
seek a betier ﬁothod of working up the reaction mixturs., However, this,
and seversl subsequent runs, in which variztion in time of refluxing,
.mannar of working up, ete., were employed, geve only products which
melted over a rangs between 853° znd 71°, and could not be brought to =

sharp melting polint,

4. Attempt to prepsre R-Phepyl-N'-di-p-ogtadecylures, CgH NHCON=-
{p~CigHan) 2+ One gram (0.00192 mole) of di-p-octadecylamine and 0.95 ge

{0.007 mole) of phenyl lsocysnate were dissolved in 11 ec, of pet. ether

(b.p. 60-68°) and the solution weg refluxed for ome~helf hour, then



coolsd ir ice water. A smell smount of meterisl melting =t 71-93°
separated., This was removed by filtration, and the filtrste wes
evaporsted to & pale brown oll. The latter wus taken up in 90% aleohol,
the sclution was cooled, snd a small smovnt of solid, melting st 44-48°,
was obtained. This was crystallized from methanol - slechol mixture,
but still melted over & renge, Crystallization from ceveral other
solvents guve no sherply meliing prodmet. Repetitions of the experi-
ment with variastiocns gave only trucea of product melting over about the
seme rabge, snd no solvent or mizture of solvents wes found which

yielded 2 sharply meiting compound.

II. Attempt 3o Prepare Tetra-n-octadscylemmonium Iodide.

A+ Preparstion of Trien-octedecylemina.

1. Preparation of n~-Octadecyl Chloride.

a. Preparstion of Ethyl Stearate {179). One hundred thirteen
and six-tenths gruas (0.4 mole) of stesric acid wus dissolved in 140 ce.
{110 ge; 2.4 mole} of werm sbsolute aleohol contained in & 1 liter three~
necked flask, The flask was fitted with s reflux condenser and em
inlet tube (8 mm.) which reached =lmost to the bottom of the flesk, CIry
hydrogen chl.ariée was passed into the imlet tube until the solution was
ssturated. This regquired sbout 2 hours. The warm resction mizture then

{179) Prepared sccording to direetions obtmined from Dr. &, W. Ralston of
the Research Leboratoriee of Ammour and Co., Chicego.
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wag poured into 200 cc. of warm water and the lower {aqueous) lsyer was
drawn off. The latter was cooled, end then was extracted with ethsr,
and the ether extract was added to the originzl upper layer, The resulte
ing ether solution was washed several times with 5% sodium hydroxide,
then with water, asnd wes dried over sodium sulfste. The ether was
removed from the dry solution and the residue was distilled under
vacuum to give 107.3 g. (86%) of ethyl stearate, b.p. 180-18%°/2.5 mm,
b. Preparation of n-Octadecanol (180). Forty-seven and eight-
tenths grams (0,153 mole) of ethyl stearate and 4.5 g. of 37KAF catalyst
were placed in the bomb of a Parr Hydrogenator and hydroger was admitted
until the pressurs within the bomb was 1640 lbs./sq.in. The temperature
wes raised to 2609, and the bomb was rocked at thet temperature for S
hours, After the bomb had cooled, the contents were extractsd with
about 400 ce. of hot scetone, and the acetone solution was filtered to
remove the catalyst, The filtrate wes cooled in the refrigerator and
deposited 33.8 g. (81.6%) of p-octadecanol, m.p. 56-58° (13l}).
¢ Preparstion of n-Octadeeyl Chloride. n-Octadecyl chloride
was prepared from p~octadecanol and thionyl chloride according to diree~
tions given by McCorkle (182), Im & typileel run, £7.1 g. (0.1 mele) of
{180) D. F. Pontz, unpublished results; procedure based on general di-
rections given by Adkins, "Reastions of Hydrogen," University of
¥isconein Press, Madison (1937).

{181) Recently R. N. Meals found {umpublished results) that p-octadecanol
prepared in this wey ususlly contains an apprecisble amount of &=

octadecyl stearate, from which the octadeoanol can be asesparated by
vacuum distillation,

(182) McCorkle, Doctorsl Lissertation, Iows State College (1938) p. 70.



peoctadecanol gave 25 g. (86.9%) of n-octadecyl chloride, bep. 176~

179%/3.5 mm.

2, Preperation of Tri-n-octadecylesmine, Oftentimes the previously

reported method {183) for the preparstion of tri-p-octadecylemine gives
8 produet which melts over a considerabls range snd which canmot be
purified by repeated c¢rystallizstions. The present method is essentielly
like the previous éne, but differs in the manner of working up the '"
resction mixture, |

Twenty-six grams (0.0498 mols) of di-p~octadecylamine end 8,0 g.
(040276 mole) of p-octadecyl chloride were mixed iz s 250 es. Erlenmeyer
flesk fitted with en air condenser, and the mixture was heasted at 1785«
180° for 8 hours. The solid obtained by cooling wes erushed thorcughly
under abmlﬁte ether, end lZ.1 g. of di-p-octadecylamine hydrochloride
wes filtered from the ethereal mixture. The ether was removed from the
filtrate and the residusl solid wes treuted for 1 hour with 200 ce. of
boiling 1% potessium hydroxide {(in 50% elcohol)}. The mixture was
cooled, the liquid was .poured off, and the residue was trested twice
more in the same way, The erude amine thus obtained was orystallized
from ethyl acetate to give 16,9 g. of product which melted at 52-69%.
This was suspended in 200 ce. of hot asbsolute aleohol and dry hydrogen
chloride wes introduced, csusing the solid to dissolve. Treatment with

¥orit, followed by cooling, gave 16.3 g. of cruds tri-m-octadecylamine

(183) McCorkle, ibide, Ps 71.
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hydrochloride, m.p. 93-95°, This product was trested egain with Norit im
aleohol} subsequent to filiration and cooling, there was obteined 16 g.
{79.68) of tri-p~octsdecylemine hydrochloride, m.p. 94-95°, To obtain
the free base, the hydrochloride wae treated with two 100 cc. portioms
of boiling 5% potsssiumm hydroxide (in S0% alcohol), and the residusd
80114 was erystallized twice from ethyl acetate to give 15.1 g. {(78.5%)

of tri-p-octedecylemine, m.p. 53-54°,

B. Preparstion of n-Octadecyl Iodide. n~Octadecyl jodide wess prepared

by the method of Bleyburg and Ulrich (153)., One grem {0.03512 mole) of
red phosphorus and 7.8 g, {0.0307 mole) of iodine were mixed in = 175 ce.
Erlenmeyer flask and heeted to 1000 under an air condenser, Then 15.6 ge
(0.0576 mole) of p~octzdecanol was sdded end the tempersture wes raised
to 175-18%°, where it wes maintained for 1l hour. The reaction mixture
was cooled, them 50 ec. of hot pet. ether (b.p. 60-68°) was added, and
the hot mixture was filtered through glees wool. While still warm the
filtrate was washed with 5% sodium bisulfite end with water, and then
was dried over so&:hm sulfate. The dry solutlion was bolled with Norit
and filtered, most of the solvent was removed, and the remeining solution
was cooled under the tap, whersupon n-octadecyl iodide was deposited as

& whits crystelline solid. The yleld of p-octadecyl iodide was 1G.9 g

{86.7%); m.p. 33-34°,

C. Attempt to Prepere Tetra-p-ogtadecylammonium Iodide. Two grems

{0.0026 mole) of tri-n-octadecylamine and 1.0 g. (0.00264 mole) of
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p-octadecyl iodide were mized in & 50 co. Erlemmeyer flask fitted with an
air condenser, snd the mixture was held at 183-195° for 7.5 hours, The
reaction mixture was cooled and the resulting brittle so0lid was crushed
under 50 ec. of zbsclute ether until finely powdersd. The powdered solid
wes filtered off and washed with cold ether, after which it weighed 1,85
€. and melted at 76-800, Crystallization from absolute alecohol {Norit)
gave 1.8 g. of white solid, m.p. 79-819, A qualitative snelysis showed
the presence of nitrogen =nd 1odine. Upon stsnding exposed to the atmos=
phere for a short time, the solid assumed & pale yellow coleri therefore
it was recrystallized from abaclute slcohol, znd dried in = vacuum

pistol {(weight, 1.76 g.; m.p. 79.5-81°) (I).

Annl. Caled. for (OygHsp)gNI: I, 10.99. Found:r I, 13.41, 17,34,

It was noticed thet the per cent of icdine found wes close to thet cale
culated for tri-p-octadecylamine hydroiodide (Calcd. for (CigHap)aN « HI:
I, 14.08); therefors the possibility that (I) might be the hydrotodide of
the tertiary amine wes investigated,.

Two~-tenths of a grem of {I) was boilad with 0.1 g. of potussium
hydroxide in 15 ¢e. of elechol for sbout 1 hours Then dry hydrogen
ehloride was introduced and the resulting solution was filtered, giving
a8 ¢lear filtrate which was deep smber in color. OSubsegquent to vooling im
the refrigerator, the filtrate deposited 0.18 g. of pale yellow solid
which melted at 91.5-94° (II). This was treated with Norit in boiling
absciute aleohol snd gave 0.12 g. of white solid which melted et 93-98°,

A mixed melting point showed the solid to be tri-m-octadecylamine



hydrochleride,
The alecholic filtrate from {II) was decolorized by sulfur dioxide

weter; therefore free iodine was thought to be present. 4 test on
potagsium lodide in warm slightly diluted 2leohcol showed that addition
of hydrogen chloride csused liberation of iodine, Therefore it was con~
ocluded that the addition of hydrogen chloride to the alkeline suspension
of {I) hed liberated fodine from potassium iodide, in turn produced by
the action of potassium hydroxide upon tri-m-octadecylamine hydrofodide.
The presence of hydrogen iodide, necessary for the formztion of the
amine hydroiodide, was bellieved to be the result of decomposition of
p~octadecyl fodide into octadecene end hydrogen iodide. However, no
evidence of unsaturation could be found in the originel ether filtrstes
of the reaction mixture. Nevertheless, ths lodine analysis of {I) snd °
the oconversion of {(I) to the hydrochloride were good evidence that (I}

wae tri-p-octadecylamine hydroiodide.

I1XI. Long-Chained Barbituric iAcids.

ration of Diethyl Ethyvl-ne-al onates.

1. Preparstion of p-Alkyl Bromides.
2. Preparatjon of m-Dodecyl Bromide {184}. To a mixture of

72.5 go {0.376 mole) of 42% hydrobromic acid and 26 g. of concentrated

(184) Dirvections from Gilmen, "Orgunic Syntheses,® Coll. Vol., I, Johm
Wiley end Sons, New York (1932) p. 27.
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sulfurie acid coniained in a 200 oe¢. round~bottomed flask was ndded
37.3 g. {0.2 mole) of p~dodecenol, The mixture wes refluxed for 6.5
hours, then poured into sbout 200 ee¢, of water. The oily lsyer wes
sepayated and washed once with 15«20 eo, of cold concentrated sulfurie
geid, then with weter. The residusl oil wes dissolved in cbout 100 ec,
of ether, the solution wes weshed with 9% sodium carbonate, and then was
dried over culcium chloride. After the ether had been removed, the
residue was distilled under vecwm to give 42 g, (85.9%) of n~dodecyl
bromide, b.p. 120-1239/2 mm,
b, Preparation of n-Tetradecyl Bromide (185}, One hundred
snd twenty-six grems (0,747 mole) of cold 49% hydrobromic acid was czdded
to 40 g. of ice~cold concentrated sulfuriec scid in a 800 ec. round=
bottomed flask. To the scid mixture was added 85,2 g. (0.4 mole) of
n~tetradeeancl, snd the mixture was boiled for 7 hours, The product
wes worked up in the seme manner as p-dodecyl bromide. The yield of
B-tetradecyl bromide wes 85 g. (77%); b.p. 175-179°/19 mm.
o, Preparation of n-Bexadecyl Bromide (186). Eighty-eight
and four~tenthe grams (0.523 mole) of 48% hydrobromic acid, 3% g« of con=
centrated sulfuric aecid, and 62,0 g. (0.256 mole) of p-hexedscanol were
{185) peTetradecyl bromide has been prepsred from p-tetradecanol and dyy
hydrogen bromide. Reld, Ruboff, and Burnett, Org., Syntheses, 135,
24 (1935},

(186} p-Hexadeoyl bremice has been prepared from p-hexadecanol and phos-
Phorus pentebromide by Flaschentrager tnd Konnschatf, Bere, 67, 1121

{1934}, and from n~hexadecanol end 48% hydrobromic secid d by Norris,
Watt, and Thomss, J. Am. Chem. Soc., 28, 1077 (1916).
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mixed &8 in (b), and the mixture was boiled for 6.5 hours. The resction
mixture was poured into 400 ce. of warm water in a separatory funnel and
the aqueous layer was drawn off. To the oily layer was added £0 cc. of
concsntrated sulfurie aeld, snd the mixture wsa cooled snd shsken, The
lower {scid) lsyer was drawn off and the treatment with acid wzs re-
peated, Then 200 ce. of ether was added, the solution was washed with
5% sodium hydroxide, =nd was dried over calcium chloride. Removal of the
ether, followed by vscuum distillation gave 48.8 g. {61.3%) of n-hexa-
deoyl dromide, b.p. 156-161°/2 mm,

d. Prepsretion of n-Octadecyl Bromide {187). Twenty-seven

grams (0.10 ﬁola) of p-octedecanol, 36 g. (0.186 mole) of 42% hydrobromie
acid, and 13 g. of concentreted sulfuric acid were mixed as in (b) =nd
the mixture was refluxed for ¢ hours. The reaction mixture was worked up
like that of {e¢) except thet e larger portion of sulfuric acid was used
in washing the oily lsyer. The yield of p~octadecyl bromide was £3 g.
(69%); b.p. 163-165°/2 mm.

2, Preparstion of Diethyl Fthyl-n-sliylmalonates.

a. Preparation of Diethyl Ethyl-n-dodecylmalonate, {CgBs)(n-
C12Hz5)C(CO0CoHs) 2 (188). The method used was based upon that employed

(187) p-Cctudecyl bromide hes been prepared from n-octadecanol and dry
hydrogen bromide. Reid, Ruboff, and Burneit, Org. Syntheses, 15,
24 {1935), ’

{188) This ester has been prepured previously. See ref. (138).
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by Chargaff (140) to prepere diethyl ethyl-p-docosylm=lonate. Two and
three-tenths grems (0,10 g. stom) of sodium wes dissolved in 40 cc. of
absolute alcohol in & 200 ce, round-bottomed, three-necked flask fitted
with a stirrer, s dropping fumnel, snd & reflux condenser carrying &
caleium chloride tube. With stirring, 28.2 g (0.15 mole) of diethyl
ethylmalonctie was eadded dropwise to the sodium ethylate solution, and
then 12.5 g« (0.0% mols) of p~dodecyl bromide im 20 c¢. of warm esbsolute
alechol was added in the seme manner. The solution wes stirred and
refluzed for 9.78 hours, during which time sodium bronide separsted, To
the warm resction mixture wus added dropwise (stirring) 60 cc. of warm
water, the mixture wes secidified with hydrochloric aeid, and them
extracted with ether., The ether solution wes washed with water and dried
over sodium sulfate, the ether wes distilled, and the residue was
vacuum-distilled, giving 13.3 g. (78.5%) of diethyl ethyl-n-dodecyl~-

malonste, b.p. 170-174%/2 mm.; 45 0.9152; n%o l.4432, Caled. for

20
20
anO‘s Moleo, refrection, 102.5, Found: Molec, refraction, 103.2

(189).

c

be Preperstion of Djethyl Ethyl-n~tetradecylmslonste (190).

The method used was the same as in ()., Two and three-tenths grams

{0.10 g. atom) of sodium was dissolved in 20 co, of absolute elcohol,

(188) Moleculer refrmetions were calculated from date by the Lorenze
Lorentz equation, Geiman ané Daniels, "Outlines of Theoretical Chem-
istry,” 6th Ed., Jobm Wiley end Soms, New York (1937) p. 85,

{190) This ester hms been prepered previously. Ses ref, (138).
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28.2 g (0.15 mole) of diethyl ethylmealonate wua added, then 13,85 g.
{0.05 mole} of m~tetredecyl bromide in 20 co. of wari absolute aleohol
was added, and the sclution was refluxed and stirred for 6 hours. The
reaction mizture wes worked up in the seme manner as in {a}. The yield
of dlethyl ethyl-p-tetradecylmslonste was 16.5 g. (85.88); bh.p. 175~
| 177°/1 mm.j 40 0.9252; B  1.4428. Celed. for CogH,0,¢ Molec. Te-
frection, 111,7. Poundt Molec, refrection, 110.5.

¢. Preperstion of Diethyl Ethylen-hexsdecylmelonete (191).
This prepsration was run in the seme wey &8 the preceding, One and
seventy~three hundredthe grems (0,075 g. atom) of sodium was dissolved
in 30 ce. of sbsolute alcohol, 13,8 g. (0.10 mole) of diethyl ethylmzlonate
and 1%.25 g. {0.05 mole) of p-hexadecyl bromide (in 15 cc. of warm abso~
lute aleohol) were edded, ané the solution was stirred at reflux for 8
hours., The reaction mixture was worked up a8 in (b),-and the yleld of
diethyl ethyl-p-hexsdecylmalonate wes 11.0 g. (53.4%); b.p. 198~204%/2
mn.j dag 0.9078; nh 1.4478. Caled. for CogH,q0,: Molee, refraction,
120.8. Foundt Molegc. refraction, 181?5¢
Agal. Caled. for CagH,q0.t C, 72.8; H, 11,38, Found: C, 72,1, 72.4;

H, 11,08, 11.24.
rations of Diethyl Ethyl-n-octadecylmelonste {198).

1. Xrom n-Octsdecyl Iodide. The same mppsratus ss in

{191) This ester has not been reported in the litersiure.

{192) This ester has not been reported in the literature.
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{a) was employed here. One and two-tenths grams {(0.05 g. etom) of sodium
was dissolved in 25 ce, of absolute aicolwl, and 14.11 ge {0,075 mols)
of dietlyl ethylmalonste {with 5 cc. of absolute slcohol) was sdded
dropwise %o the stirred solution. Then a solution of 9.5 g. {0.025 mole)
of m-octadecyl lodide in 20 cec. of warm absolute alcohol was added in
the same wsy emd the solution was stirred and refluxed for 7.3 hours.
¥ifty oubic esntimeters of 2% hydrochloric acid was added end the mizw
ture wes extracted with ether, The ether solution was washed with P
godium bicarbonste, 2% sodium thiosulfate, and water, then was dried over
ealeium chloride. The ather was removed, leaving an oil which was $aken
up in 50 ece. of zbsolute slechol, Upon cooling, the alcohol solution
deposited u mass of white crystols, which were filtered off end washed
with ocold slcohol. The product melted nt I7-39° and weighed 7.1 g It
was recrysisllized from sbsolute alcohol, giving 7.0 g. (63.6%) of solid
which melted at 38-39°, This s0lid was erystellized three times from
alcoholy the melting point remained practieslly the sume; a Beilstein test
Tor halogen was negative.
Ansl. Onaled. for CypHssOgt G, 73.6; H, 11.89. Found: C, 6S.4, 70.8,
70.4; H, 11.1, 11.13, 11.30.
The solid wes crystallized from alcohol three times more; the meliing
point wae then 38.5-40° {I).
Anal, Caled.: same as above. Found: C, 68.8, 69,2, 70.8; H, 1l.352, 10,98,

11.67.
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2« ZX¥rom m-=Octedecyl Bromide. The rethod used was a
modifieation of that employed by Adams apd Keem {193) to prepare dietiyl
A-butyl malonste. One end thirty-eight hundredths grams (0.06 g. =tom)
of sodium wes dissolved in 38 ce, of abazolute alcobol in a 200 ce. round-
bottomed, three-necked flask, fitted with a reflux condenser {closed to
moisture by a caleium chloride tube). The sodium ethylate solution wes
heated almost to bolling and 11,3 g, {0.,06 mole) of diethyl ethylmalonate
was added dropwise. Then 20.0 g. (0.06 mole) of n-octadecyl bromide
was added likewlse, end the mixture was refluxed for 15 hours. The
insoluble materizl was filtered off, washed with sleohol snd ether, and
shown %o be sodium bromide (weight, 3.4 g.). The filtrate was cooled in
ice with vigorous stirring, glving 15.2 g. of waxy white golid, n.p.
30~31°, The 20lid was subjected to vacuum distillation and geve 7.5 ge
(28.4%8) of the desired ester, b.p. 193-2069/2 mm, The distillate
crystallized on cooling, and melted at 37-38.5%. A mixed melting point
with {1, I) showed no depression.

3. ZXrom n-Octadecyl Chloride. The procedure for this

proparation wsa the same as that used in (2) except where otheruisg
noted. Two and three-tenths grams (0.10 g. atom) of sodium was dis~
#elva& in 40 cc¢. of absolute slcohol, end to the hot solution {80°) were
added 28,2 g. (0.15 mole) of diethyl ethylmalonute and 14.8 g« (0.08
mole) of ‘g;oetaéecyl chloride. The mixture wee refluxed for 1l hours,

{193) Gilman, "Orgenic Syntheses,® Coll. Vol. I., John Wiley anrd Sons,
Hew York (1932) p. 248,



- 101 -

scidified, and extracted with ether. The ether sclution was washed with
water, dried over ealcium chloride, and distilled to remove the sclvent.
The residusl liquid was distilled under vacuum, giving 17.1 g« of material
which boiled at 187-212°/1.5 mm, This was redistilied, giving 10,0 g.
(45.,48) of the desired ester, b,p. 205~208°/2 mm. The produst erystcl~-
lized upon cooling, cnd melted at 37-39,5°, 4 mixed melting point with

{1, 1) showed no depression,.

B. Preparation of lLong-chained Barbituric Acids.

1. Preparation of S-Ethyl-S-n-dodeeyl Barbituric Acid, {Cgﬁs)(gr
clzsésxfcaxanoﬁgyo. The method used in this preparation waz derived

from those of Fischer snd Dilthey (141) ond Dox and Yoder (141), whe
prepared lower homologs. One and thirty-eight hundredths grems (0,06 g.
atom) of sodfum was dissolved in 30 ce. of absolute alcohol in a 125 cee
Erisnneyer flagk fltted with & caleium chloride tube. Ssven and twelve~
hundredths grams (0.02 mole) of diethyl ethyl-p-dodecylmalonate was
added, the mixture was warmed somewhnt, and poured rapidly intc & Cerius
tube, Then 1.8 g. (0.03 mole) of powdered urea was added to the mixture
in the tube, snd the walls of the tube were waeshed down with 15-20 co. of
ebsolute aleohol. The sealed tube was heated in the furnsce at 120-122°
for 12 hours, The tube was opened and the contents {partially aolid)
were ringed out with alcobnl., An eguel volume of weter wes added and
the mixture was scidified with hydrochloric acid, The oil which sepa~-

rated was extracted with ether, the sther solution was washed with water,
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end wes dried over sodium sulfate. Removal of the sther, followed by pre-
cipitation of the residue from 15 ce. of pet. ether (b.p. 60-68°) gave
3.9 ge of white solid, m.p. 102=106°, This product wes crystalliged
twice more from the same sclvent to yield 3.76 g. (57.3%) of S-ethyl-S=
p~dodecyl-barbituric acid, m.p. 106~107.5°,
Anpel. Celed. for CjgHsgOgHp: N, 8.64. Found: N, 8.71, 8.64.

lubility: 60% ethenol 2.5 g./100 oce

80% ethenol (warm) 10,0 g./100 ce.

olive oil 2.0 g./100 ce.

2, Preparation of S-Bthyl-S-n-tetradecyl Barbiturig Acid. One and

thirty-eight hundredths grems (0.06 g. atom) of sodium was dissolved im
30 e¢e. of absolute alcohol in & Carius tube fitted with & ealetium chloride
tube. To the solution wus added 7.68 ge (0.02 mole) of dfethyl ethyl-n-
tetradecylmalonate, then 1.8 g, (0.03 mole) of powdered urea was added,
and the tube walls were washed dowmn with 10~15 ce. of absolute aleohol.
The tube was sesled and heated 2t 115° for 9,5 hours, After cooling, the
contents were worked up 2s before. The crude product was crystallized
three times from pet. ether (b.p. 60-68°) to yield 3.4 g. {47.6%) ofb
S-othyl=S-n-tetredecyl-barbituric acid, m.p. 104.5-106.5°.
Ansl, Celed, for CgoHseOsNg: N, 7.95. Foundt 'n, 7.76, 7.65.
Solubility:s €0 ethenol (warm) at least 1 g./100 ce,

80% ethsnol at least 1 g./100 oc.
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S« Preperstion of 5~EthyleG-n-hexndecyl Berbiturie fhecide One and

thirty-eight hundredths grams (0,06 g. stom) of sodium was dissolved in
27 ce. of absolute aleohol in e Carius tube, end 8.24 g. {0.02 mole) of
diethyl ethyl-n-hexmdecylmalonate end 1.8 g. {0.03 mole} of powdersd

urea were added as described in (£). The tube was sealed and heated at
112-115° for 10 hours, and the product was worked up in the ssme menner
ag that of (2}, Three crystallizations from pet. ether (b.p. 60-68°}

gave 4.4 g. (59%) of Seethyl-5~n-hexmdecyl=-barbituric scid, m.p. 103~1040,

4nel. Caled. for Co H, 0.N.t N, 7,36 Found: N, 7,30, 7.34,

Solubility: 60% ethanol - <1 g./100 cce
80% ethanol 1.6 g./100 ce.
olive oil {(warm) 1.6 g./100 co.

4, Preparation of S-BthyleS-ne-octadeeyl Barbjturic Acid.

e, Attempted Preparstion. i‘he method of Buck and co-workers
{102) for the preparation of lepealkyl=b-ethyl-S~iscbutyl-barbiturie
acide was employed in this run., Sixty-three hundredthas of a grem {(0.028
g» atom) of sodium was dissolved in 20 cec. of ebsolute slcohol in =
800 cc, round-botiomed flask fitted with a reflux condenser clozsed to
moisture by a caleiuwm chloride tube. Three grems (0.007 mole) of diethyl
ethyl-n-octadecylmelonate was sdded, and was dissolved by gentle warming.
To this solution was added s solution of 1,42 g. of urea (0,007 mole)
in 10 ce. of absolute alechol and the resulting solution was refluxed for

8 hours in am oil bath held at 120°, The reaction mixture was scidified



- 104 -

with dilute hydrochloric seld and extruacted with ethers Tihe ether solu~
tion wes washed with water, 9% hydrochloriec acid, and sgein with woter,
then wss drieds The ether wes removed, the residusl oil waa taken up in
pet. ether (b.p. 60-68°), ond the resulting solution wes cooled to give
1.1 g of white solid melting at 90-96°. Reerystallization from the
same solvent gave 1.0 g. of £olid which softered at 92° and melted at
104~108° (I}. Reecrystellization from acetone gave 0,98 g. of solid melt~
ing {micro) at 88-103° (iI)., Pertisl eveporation of the filtrate from
{1}, followed by cooling guve sbout 80 mg, of white powder, m.p. 80-1000°;
this wes reerystallized from benzene, ylelding s solld which softened
at 81° and melted at 98-102°, A portion of (II} wes crystellized from
ethylene dichloride to give a s0lid melting at 84-99°; this was recrystal-
lized from isopropyl alcohol (98%), giving & solid melting at 86-105°,
All the various solids were combined and reeryatsliized from slecohol,
giving 2 product melting at 88-106°, This wns heated on a stesm bath for
20 min. with 10 co, of 10% hydrochloric acid, the mixture was cooled und
filtered, and the residue on the filter was crystellized from acetone,
giving 0.43 g, of white solid, m.p. 89,5~108°., Further erystellizations
gave no sharply melting product.

b. Attempted Preparation. The method used in {3) wae used
here, Sixty-nine hundredths of & gram (0.03 g. atom) of sodium was
dissolved in 18 co. of absolute aleohol in a Carius tube, 4.4 ge (0.01

mole) of diethyl ethyl-p~octadecylmalopete in 10 ce. of sbsolute elcohol
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wae =dded, then 0.90 g. (0.015 mole) of powdered ures wos added, znd the
tube was sesled. The mixture was hested at 112° for 10 hours, the conw
tonts were rinsed out with clcohol, and 150 ec. Of water and 5 ce. of
concentrated hydrochlorie acid were added to the mixture, The latter
ms‘ oxtructed with ether, the ether solution wase wushed with water sznd
dried over sodium sulfate, and the ether was removed. OCrystsllization
of the residue from 30 cc. of pet. ether (b.p. 60-68°) geve & white
80118, m.ps 90.5-93.5°, After four more erystullizations from the same
scl'vent; the produet weighed 1.72 g, and melted at 92,8-950, Three
erystallizetions from 80:10 pet. ether (b.p. 60-68°)-sbsolutes slcohol
reised the melting range to 102-105°; the weight at this point was 0.97
g+ This solid wus dissolved in 35 cc., of 4% potessium hydroxide (7%
aleohol solution), B ce. of weter wes added, and the slightly turbid solue
tion was cooled in en ice bath, giving a small cmount of precipitate,
This was filtered off and 10 ec. of 7% alcohol was udded to the file
trate. Cooling in ice gave & trace of precipitate which wes filiered
off, To the filtrate was added 3 hydrochloric seid (in 50% alcobol)
until preeipitetion begen, The mixture wus cooled, und 0,51 g. of solid
melting et 85-90° (I) wes filtered out. This was redissolvad in 10 cce
of % potassiwn hydroxide (in 65% alcohol), =né ¥ =cusous hydrochlorie
ecid was edded to the end point of phenolphthalein. The resulting
preeipitete was trested with hot 3% hydrochloric zeié (in £5% aleohol),

the mixture wes cooled, snd the solid was filtered off and washed with
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alcobol; the solid weighed 0.38 g. =nd melted st 98-101°, PFurther
fractional preecipitation of the filtrate from (I) by addition of dilute
hydrochloric scid (in 658 eleohol) gave potassium chloride end two small
fractions of orgenic materisl melting respectiéely at 100-106° &nd 92-
98°,

¢e Prepsratiop. The method used by Reichert and Wilke {142)
irp the preparation of barbiturstes heving acid side choins was employed
here. Thirty~five hundredihs of a grem (0.015 g. atom) of sodiuwm was
dissolved in 20 ce. of absolute alcohol in & 200 ec. round-bottomed flask,.
To this solution 2.2 g. (0,005 mole) of diethyl ethyl-n-octadecylmslonzte
was added, the mixture was warmed gently tc bring the ester into solu~
tion, a2nd 0.45 g. {0.0075 mole) of powdered ures wus sdded. The flask
was fitted with & reflux condensger c¢arrying e drying tuﬁe #nd was heeted
to 150° in en oil bsth. The temperature wes held at 150° for 0,5 hours,
then raised to 160° during the next hour, and was held &t 1600 for 2
hours more. The reaction mixture was cooled, 1:1 hydrochloric ceid wss
added wntil a slight excess wes present, znd the mixture wag extracted
with ether, The resulting ether solution was washed with water =rcd dried
over sodlum sulfzte, Air wss bubbled through the dry solution to
remove the ether, the residusl white solid was dissolved ir 10 cc, of
eleohol, and the sclution wes cooled, giving 0.98 g. of white powder,
melting at 92-101°. Crystullization from 90% alconol raised the melting
point ﬁe 102-107°, and two more erystallizations from the ssme solvent

gave 0,43 g, (21.1%) of S-ethyl-S-p-octadecyl-bsrbituric scid, m.pe.
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3.08-109.5°,
Apal, Caled, for CpgHegOaNpt N, 6,86, Found: N, 6.96, 6.95.
Solubilitys 60% ethemol < 1 g./100 ce.

80% ethapol 1 2./100 ce.

olive oil 1 g./100 ce.

5. Mixed Melting Points of the Berbituric Acids, The melting

points given are those for 1:l mixtures. The bath tempersture was 80°

when the mplé was ilmmersed, snd the temperature was raised at approx.

19/8 sees.

Mixturet Alkyl radicsls are: Soften Melt Cleaxr
Cyp and Cyiy 90° 920 102°
C14 and Gyg 91 92.5 103
Cig 8R4 Cig 8% 96 103
cl?. and clB 87 8945 101.5

The melting points of the pure scids aret Cjp, 106-107.5% C;4, 104.5~

106.5%; Cigs 103-1049; C35, 108~109.5°,

IV. Homologs of Phenacetin.

Aes Preparation of Alkyl {ro 1 Ethera.

1. Preparstion of m-Dodecyl p-Nitrophenyl ¥ther, n-Cy HoxOCgH,NOo.

Four snd ninety-eight hundredthe grame (0.02 mole} of dodecyl bromide,
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3.52 g. (0.0218 mole) of sodium p-nitrophenste (194), and Z0 cc. of
absolute éleohol were heated in a sealed tube for 11 hours at 125°, The
contents of the tube were rinsed out with aleohol, ithe resulting mix~
ture wag diluted with three volumes of weter, snd the mixture wss ex~
tracted with ether. The ether solution was wsshed thoroughly with 5%
sodium hydroxide, then with dilute hydrochloric acid and with water,

and was dried with calcium chlorides The ether wes removed and the
residue was crystalliized three times from alcohol, giving 3.85 g. (62.7%)
of p-dodecyl p-nitrophemyl ether, m.p. 48-49.5°

Ansl. Celed, for CigHsgOzN: K, 4.56. Found: N, 4.68, 4.73,

2. Praparatiop of p-Nitrophenyl n-Tetradeevyl Ethere Seventy-six
hundredths of a gram (0.03 g. ctom) of sodium was éissolved in 20 ce.
of sbzolute zlcohol in & 200 ce. round-hottomed, three-necked flask
fitted with a siirrer, drecpping funmel, reflux condenser, and drying
tube., To the stirred solution was added dropwise 4.51 g. (0.031 mole)
of p-nitrophemol im 15 ce. of sbsolute alcohol. Then 8,31 g. {0.03
melé) of p~tetradecyl bromide wes added dropwise, snd the mixture was
stirred vigorously &t reflux for 10.% bours. At the end of this time
the resciion mixture wsz cooled and filtered, znd the residue on the
£ilter wan washéd with sloohol =nd ether, zf%er which 1t weighed 3.7 ge
()« Wnen this selid was hected with dilute hydrochloric seid, &n oil

{194) Prepsred by sdding & hot alcoholic solution of p-nitrophenol to 2
hot aleoholic solution of sodium ethylate snd cooling the mixture.
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separated on the surface of the mixture; upon cooling the cil solidified,
glving 2.7 g. of sclid melting ut 60-63° (I1). The filtrate from (I)
was cooled snd gave 1.2 g. of pele yellow solid melting et 50-65°, This
was treated with dilute alkali, wster, and dilute seld, snd then weshed
with dilute aleochol, lesving 1.1 g. of solid melting at 58-60° (1II),.
Further evaporation and cooling of the filtrates gave more solid, which
vas washed in the same way to give 0.96 g. of materisl melting at 57-60°
{Ivy. (11), {I11), =nd (IV) were combined emd digsolved in ether, and
the ether solution wes washed with dilute slkeli, dilute seid, and
water, The washed sclution wes dried over c¢sleciwum chlorids, the ether
was removed, and the residue wag crystalliized from pet. ethef {bep. 60=
689), giving £.46 g. of pale brown crystals, m.p. 58~619, Crystaliize=-
tion from aleohol gave 2.39 g. (23.8%) of p-nitrophenyl n-tetradecyl
ether as flat, pale green needles which melted at 58.5-617.

Apal, Celed, for CpgHxaOaNt K, 4.18. Found: N, 4.27, 4.30.

2. Preparetion of n-Hexsdecyl 2~Eitroggegxl Ether. Three znd

fifty~two hundredths grams (0,0218 mole) of sodium p-nitrophencte, 6,06
g- (0.0% mole) of n-hexedecyl bromide, zmd 20 ec. of ebsolute aleohol
were hezted in a sesled tube for 1l hours.at 1280, The reesction zizture
wes worked up in the ssme menner as thet of (1) end the product wes
crystellized three times from slecohol. 7The yield of p-hexuadecyl p-
nitrophenyl ether was 4.56 g. (64.1%); m.p. 83-65°.

Anel. Caled, for 0223370331 N, 3.86. Found: N, 3.97, 4.0.
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4. Preparation of peNitrophemyl n-Octedecyl Xther. Three and

fifty-two hundredths groms {(0.0218 mole) of sodium P-nitrophenate, 5.8
g+ (0.02 mole) of m-octadecyl chloride, znd 27 cc. of absolute alcohol
wers heated in & sealed tube for 8.5 hours at 130°, The reaction mix~
ture was worked up in the manner described for (1), The product was
crystellized three times from alcohol to give 5 g. (64%) of p-nitro-
phenyl m~octadecyl ether, m,p. 68-719,

ml' Calcd' fﬁr 024&103&'2 ﬂ, 3.570 ?Olmd: N, 3-71, 5:&67'

B. FPreparstion of Homologs of Phenscetin.

1. Preparation of p=-fce ophenyl n-Dodecyl Ither, n~
CyoHosOCgHNHCOCHg, Three end eleven-hundredths grems (0.018 mole) of
sodium p-acetaminophenate (195), 3.74 g. (0.015 mole) of n~-dodecyl
bromide, =nd 20 ce. of sbmolute zlcohol were heated in 2 sealed tube
for 10 hours at 123-1270, The contents of the tube were rinsed out with
alechol snd the resulting mixture wans diluted with three volumes of
water, ecidified with hydrochlorie mecid, and extrascted with ether. 4
erystalline 80lid separated in the ether layer snd was filtered off,
giving 0.71 g. of materiel melting at 91-94° (I)., The ether filtrate
from (I) was weshed successively with 10% sodium hydroxide, 10% hydro-
echloric aecid, and with water, then was dried over sodium sulfate. The
ether wes removed, and the residue wes token up in 30 ce. of alcohol
(195) Prepared by adding & hot alcoholic solution of p-acetamimophenol to

e hot =lcoholis solution of sodiwm ethylate apd precipitating the
produet with acetone.
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and boiled with Norit., Subsequent to filtration and cooling, the solu=
tion deposited 1.0l g. of white crystals melting ut 91.5-93° (II).
Further cooling of the filtrate gave 0.27 g. (1II1) more of the same
producte (I), (II), snd (III) were combined, dissolved in elcohol, and
boiled with Norit. The solution was filtered znd cooled, whereupon it
deposited l.4 g« (29.3%) of p-acetaminophenyl m-dodeoyl ether, m.pe
$2-93°,

Ansl. Celed. for Cyplaq00N: N, 4,38, Foundt N, 4.36, 4,39,
Sclubility: 80% ethanol 1 g./100 ecc.

2, Preparation of p=Acetaminophenyl n-Tetredecyl Ether, Two and
thirty-pine hundredths greme (0.0071 mole) of P-nitrophenyl n-tetradecyl

ether wes reduced to the corresponding emino compound by refluxing for
2 hours with 4 g. of tin, 20 ce¢. of concentrated hydrochloric ascid, =nd
25 cc. of alcohol. The excess tin wag filtered from the solutiom, and
the filtrate was cooled, giving 2.04 g. of glistening white plates of the
amine hydroshloride, meltinpg from 130-160°, The hydrochloride was
treated twice with 1 g. of potassium hydroxide in 60 cc. of 50% slcohol,
giving 1,74 g+ of the emire, m,p. 67700, The amine was scetyluted by
refluxing for 2.5 hours with 12 ce. of & 1l:l mixture of glacisl acetie
aeld and agetic anhydride in 15 ce. er'_ dry benzene, " The crude product
obtained by cooling was bolled with Darco in absolute alcohol. snd gave
1,52 g. (61.6%) of p-mcetaminophenyl p-tetradecyl sther, m.p. 95.5-97°%

Anal. Culed. for 022}137021’7‘ N, 4.04, Founds R, 4.14’ 4,18,
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Solubility: 80% ethenol 1.1 g./100 ce.

olive oil 1.4 g./100 ce.

3. Prepsration of p-Acetaminophenyl n-Hexedecyl Ether. Three and

five~tenths grams (0.,00964 mole) of n-hexadeeyl p-nitrophenyl ether
waa reduced by refluxing for 2.5 hours with 4.5 g. of tin, 25 cc. of
concentrated hydrochloric seid, und 35 cc., of alcohol. The excess tin
was filtered off and the filtrate was cooled, giving 2.61 g. of white
solid., This was trested with alkali as described in (2), and the
product waa scetylated by refluxing with a mixture of 15 ce. of scetie
anhydride, 5 ce. of glacisl acetic acid, and 10 cc. of benzene for 4.5
hours. The solution was c¢ooled and gave 1.7 g« of solid. The erude
produet was boiled with Rorit in =lcohol for 1 hour, and the alcohol
solution was filtered and cooled, giving 1e£5 g. (33.38) of p-szcetamino=
phenyl p~hexadecyl ether, m.p. 96-98°,
Anal, Celed. for Cp,H,,0gN: N, 3,75, Found: K, 2,81, 3.78.
Solubflitys 80% ethanol < 1 ge/100 ce.

olive oil 1 g./100 cca

4, Preparation of p-Acetaminophenyl n-Octedecyl Kther. Two and

five-tenthe grems {0.0064 mole) of p-nitrophemyl p-octadecyl ether was
reduced by refluxing for £ hours with 4.0 g. of tin, 20 cc. of concen-
trated hydrochloric acid, and 30 cc, of alcohol, The exceas tin wes
filtered off, znéd the amine was obtained as in (3). The amine wes

ecetylated by refluxing for S hours in & nmixture of 12.5 ¢c. of glacial



acetic aeid, 12.5 ce. of acetic anhydride, and 20 cc. of benzene, Upon
ecooling, the solution deposited 1.49 g. of crude product, m.p. 97~100°,
This was purified by refluxing with Norit in aleohol end gave 1.16 ge
(43.1%) of p-ecetaminophenyl m~octadecyl ether, m.p. 100.5-1029,

Anal., Cszled, for 52554509}51 K, 3.48, Found: N, 5.58’ 3.50,

Solubility: 60% ethanol <1 g./100 ce.
80$ chanOl lcl g./lOO CCe
olive oil <1 g./100 ece.

Mixed Melting Points.

1:1 Mixture of: Soften Melt Clear
) 0 o
012 and 014 83.9 8?.5 A )
014 end Cls 8715 9‘000 94'5
clé and 018 94.0 a5 98

The melting points of the pure compounds axre : Cjp, 92-93°; Ci4,

95,5-97°; Cyg, 96-98%; Cyg, 100.5-102°,

V. Homologs of Dulein.

A. Preparation of p~Dodecoxyphenylurea, n-CjpHpsOCgHANHCONHz. The

hydrochloride of p-sminophenyl p-dodecyl ether was prepured by reducing
3.0 g. {0.00976 mole)} of m~dodecyl p-nitrophenyl ether with 4.0 g. of
+in in 8 mixture of 25 ce, of concentrsted hydrochloric ucld and 635 ce.
of nleohol, After £.5 hours of refiuxing, the mixture wes filtered, snd

the filtrate was cooled to give 2.44 g. of the amine hydrochloride. This
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was crystallized twice from 85% uleohol (Norit), giving 1.36 g. {43.4%)
of p-zminophenyl p-dodecyl ether hydrochloride which melted in the range
1121550, Purther crystallizestion gave no sharper melting point.

One gram (0,0032 mols) of the shove ether hydrochloride was mixed
with 0.33 g. (0.0041 mole) of potaseium cyamste, 15 cc. of alcohol wes
added, and the mixture was refluxed for 1 hour. Then 10 ce. of alcohol
wag sdded and the mixture wes heated and filtered, leeving 0.26 g. of
insoluble material. The filtrate was cooled, giving 2 precipitate of
the original hydrochloride. This was redissolved in the filtrate and
warm woter wes added until the solution was turbid, Ninety-thres
hundredtha of & gram (0,013 mole) of potassium cyanate was added, and
the mixture wes refluxed for 2 hours, then cooled, whersupon & psle pink
solid separated., This wes crystellized from ncetone (Norit), giving
0,34 g. of white solid, M.p. 179-132°, The solid wes crystellized from
90% ethemol tc give 0.31 g. of produet melting et 130-132°; and the
latter was orystallized from acetone, giving 0.27 g. (26.4%) of p~-
dodecoxyphenylurea, m.p. 131-133°,

Anal, Caled. for CygHzo0qNot N, 8.75. Founds N, 8,89, 8.93.

Taste: Five different obszervers pronounced the compound tustelessa

B« JFreparation of p-Tetraedecoxyphenylurea, The hydrochloride of p=-

sminophenyl m-tetradecyl ether wes prepared zs described in the preparae
tion of p-acetamipophenyl p-tetradecyl ether (IV, B, 2). Two and three-

tenths grams (0.006886 mole) of p~nitrophenyl p-tetrudecyl ether gave
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1.73 g« of erude mmine hydrochloride, which was erystallized twice from
858 aleohol. The yield of pure hydrochloride was 1.08 g. (46.1%); the
mslting point was indefinite,

One grem {0,00293 mole) of p-aminophenyl n-tetrsdecyl ether hydro-
ochloride wes dissolved in 20 ce. of hot eleohol, and 25 ee, of warm
water and 1,0 g. {0.0122 mole} of potessium cysnate were added. The
mixture wes refluxed for 1.5 hours, them 10 cc. of slcohol and s smell
amount of Norit were sdded, end the mixture wae refiuxed 20 minutes,

At the epd of this time, the mixture was filtered snd the insoluble
materiel left on the filter was washed four times with hot alcohol.

The combined filtrete snd washinge were evaporated to sbout on;-half
volume end cooled, giving 0,8% g. of white erystzlline solid, mep. 125~
i£8°. This eolid was crystsllized from 90% elcohol to glve a product
melting at 128-130°, amd the latter was crystallized from acetone,
giving 0.15 g« (14.78) of p-tetradecoxyphenylures, mM.p. 130-131,59,
Apel, Celed, for Cp1HsgOsMgt N, 8.05. Found: N, 8.2l 8.16.

Taste: TFour observers found the compoumnd to be tusteless.

Mixed Melting Point: 1:1 Mixture of the preceding two compoundss

softens, 122,5°; melts, 128%; clears, 131°,
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Vi. Dihydrazides of Lopz-Chained Malonic Acids.

A. Preperation of Diethyl n-Alkylmslomstes.

le Preparstion of Uietiyl n-nodecylma;omte, 5—312%505(6000235)2

(196). This prepuration wes bassd on the method used by Adsms and Kemm
(184) for preparing diethyl n-butylmalonate. One &and fifteen-hundrsdths
grams (0,095 g. stom) of sodium was dissolved in 40 cce of ‘absolute
aleohol inm & 200 ¢¢. round~bottomed, three~nccked flask fitted with s
stirrer, & dropping funmel, and & reflux condenser carrying a drying
tubs. ZEight 2nd seventeen-hundredths grams (0,051 mole) of diethyl
malonste was added dropwise to the stirred solution; then 12.5 ge (0.09
mole) of p~dodecyl bromids wits 10 co. of alcohol was added likewise,
The solution wes e$irred at reflux for 4.5 hours, 50 ce. of 2% hydro-
shlorie se¢id was sdded, and the mixture was exirescted with ether. The
ether solutiorn was washed with water end dried over calcium chleride,
Removal of the ether, followed by vacuum distillsticn of the residusl
oil geve 7.6 g. (46.2%) of diethyl n-dodecylmelonate, b.p. 158-1619/2
wme; 420 0.9228; n20 1.4894. Celed. for CpghiggOyt Molec. refraction,

92,97, Found: Molee. refrzction, 93,B.

2, Preperstion of Diethyl n-Tetradecylmelonate (197). This ester

(196} This ester has been prepared by Rothstein. Ses ref, (151).

{197) The preparation of this ester hes been reported but no constants
were given., Verkade end Coops, Rec. tray. chim., 52, 747 (1933}.



was prepared in the same way 28 the preceding, except thet the reaction
mixture wes heated 1.5 hours longer. One snd fiftesn~hundredths grems
{0,035 g. atom) of sodium, 8,17 g. (0.051 mole) of diethyl malonazte, and

13,85 g. (0.05 mole) of m-tetradecyl bromide geave 10.0 g. {56%) of

20 . .20
oo 0491895 no

1.,4423, Caled, for Cpy Hyn04: Molec. refrmction, 102.18, Found: Molec.

diethyl p~tetradecylmslonste, bep. 168-175%/2 mm.; 4

refraction, 10Z.8,

3, Preparstion of Diethyl n-Hexadecylmalonate (198). The prepara=

tion was carried out in the seme wey me the preceding. One and fifteen~-
hundredths grems (0.05 g. atom) of sodium, 8.33 g. (0.052 mole) of
diethyl melonsate, and 16.77 g« (0.055 mole} of n-hexsdecyl bromide
gave 11,7 g. {60.9%) of diethyl m-hexadecylmalonate, b.p. 182-1880/2 mm.;
ﬁig 0.9091; ngo 1.4449, Calcd. for Conlys04% Molec, refraction, 111.38.

Foundt Moleeo., refraction, 112.5.

B. Attempte to Prepare Dihydrazides.

1, Attempted Prepsration of the Dihydrszide of m-Dodecyl Malonig
G« The method used by Blankems end de Graf (120) for the
preparation of lower homologs was employeds. A mixture of 3,28 g. (0.01
mole) of diethyl m~dodecylmslonate, 1.20 g. (0.024 mole) of 100%

hydrazine hydrate, and 10 cec, of absolute slcohol was hested in & sealed

{198) This ester has been prepared by Brigl. See ref. (152).
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tube for 8 hours at 118-115°, The reaction mixture was filtered,
leaving a mass of fine, short, colorless meedles on the filter, Thie
e0l1d wes washed with alcohol, after which it weighed 2.5 g. and melted
from 146° to sbout 190°(dec.). A gualitative enalysis showed nitrogen
to be present. The so0lid was crystellized from 95 cc. of elcohol,
giving 2.0 g« of produet (I) which melted over approximately the same
range a8 before. It was thought that part of (I) might be the mono=
hydrazide, Accordingly, 0.5 g. of [I) was refluxed for 3 hours with a
solution of 0.5 g. of 100% hydrszine hydrate in £5 cc. of absolute
aleohol, Upcen cooling, the solution gave 0.49 ge of solid, melting at
148-184° (dec.). This was erystsllized from 40 cc. of 80% slcohol but
the melting point remsined unchenged. Therefore, 0,5 g. of (I), 1.0 g«
of 100% hydrazine hydrete, snd 10 cc. of absolute alcohol were heuted
in s pealed tube for 4 hours et 108°. The solid product was filtered out
end washed with alsohol; it melted 2t 146~180° (dec.).

In an attempt to purify the produet through the dihydrazide
dihydrochloride, 0.5 g. of (I) was dissolved in 45 cec. of warm alcohol
emd 5 ces of 1:1 hydrochloric acid was added., Upon cooling, the solutiom
gave 0.47 g. of white plates, melting at 133-190° (dec.). The solid
was dissolved in £5 ce. of aleohol, 5 cc. of concentrated ammonium
hydroxide was added, the solution was filtered, and the solvent was
removed by drewing air through the solution, The s50lid residue was
washed with dilute alcohol whick left 0.38 g. of solid, melting at

130-184° {dec.).
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The effect of dry hydroger chloride upon (I) was investigated by
bubbling hydrogen chloride into a suspension of 0,5 g. of (I) in 50 cc.
of alcohol, Mopt of the sclid dissolved, then a bulky precipitate of
white plates begen to sepurste. The mixture was cooled and filtersd,
giving 0.34 g, of white solid. This wes dissolved in £0 ¢e. of hot
eglcobol, &nd the sclution was coocled, giving 0.16 g. of long colorless
needles, m.p. 92-93° (II). This product contsined nitrogen snd chlorine,
and exhibited a sour, burning taste. However, the solid was shown to
be hydrazine hydroehloride, rethei than the desired dihydragide,

The filtrate from {II) wes evaporated to half-volume and then
cooled, giving about 30 mg. of the same product,

be In this run, milder conditions were used, Three snd

twenty=eight hundredths grems (0.01 mole) of diethyl h-dodecylmalonute
end 2.0 g (0.04 mole) of 100% hydrszine hydrate were refluxed with
10 ce. of absolute slcohols At the end of en hour, a white solid sepa=
rated, so 40 ec. of alcohol was esdded, and refluxing was continued for
snother hour, esusing most of the solid to redissolve., The mixture wana
cooled end filtered, giving 2.0 g. of tiny white needles, m.p. 143-182°
{dee,} (I). The filtrete from (I) upon further cooling geve 0.11 g, of
white solid, m.p. 136-170° (dec.).

' Ope~tenth of a grem of {I} wes heated to 185° in & small test tube
znd the esoaping gas was led into lime water, giving traces of white
preoipitate. The gas turned moist litmus blue; possibly 1t wes

hydrazine vapor. The residue of the heating was crystsllized from
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methanol, giving 0.08 g. of white powder, which melted at 166-192° (dcec.)
and eontained nitrogen.

One and seven~tenths grams of (I) was suspended In 120 cc. of
aleohol and hydrogen chloride was introduced, whereupom part of the solid
dissolved, them reprecipitated. The mixture was ceoled and riltered,
giving 2,1 g, of white solid, m.p. 130-165° (dec.). The solid had &
sour, burning taste. It was dissolved in 1635 cec. of beiling alcohol and
the solution was cooled, giving s small smount of hyérazine hydro-
chloride, m.p, 92-92°. One-third of the solvent wes removed and the
remaining solution wes cooled in the refrigerator for 43 hours; no
erystels were obtained. Concentration to about 50 cc. gave 0.14 g. more
of hydrazinq hydrochloride, Removal of most of the remaining sclvent
geve 1.2 g. of soft, gumy solid, which wes extracted with ether, leaving
0.05 g. of hydrazine hydrochloride, The ether extract wes washed with
10% potassium hydroxide and with water, &nd wes dried over sodivm
sulfate. Removal of the ether aznd erystalliizetion of the reeidue from

alcohol geve 0.94 g. of white eolid, m.p. 130-162° (dec.).

£. Attempted Prepsration of the Dihydrazide of n-Tetradecyl

lﬁlﬂge Aecld.

es One and two-tenths grems (0.024 mole) of 100% hydruzine
hydrate, 3.56 g. (0.01 mole) of diethyl m-tetradecylmelonzte, and 10 cc.
of absolute slcohol were heated in a sesled tube, The product was

washed with alcohol, giving 2.5 g. of small needles, m.ps 144-190° (dec.).
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Several crystallizstions from alecohol and from methenol-zlcohol mixture
gave no sherply melting product.

b. A mixturs of 1.2 g. (0.024 mole) of 100% hydrazine
hydrate, 3.56 g. (0.01 mole} of diethyl g;tetraéécylmalonate, and 11 ecec.
of sbsolute alcohol was refluxed for 1 hour., The sclution was cooled,
giving Q.42 g. of white solid, w.pe. 136-163C {dec.) (I}). The fil-
trate from (I) wse refluxed for 2 hours, smnd, upon cooling, gave 1,1 g¢
of white solid, M.p. 138-164° (dec.) (II). The filtrate from (II) was
refluxed for 4 hours, then cooled, giving 0.24 g. of white s501id, m.p.
1%5-163° (dec.) (I1I). Several erystallizatioms of {I) {II), =nd (I1II)
from aleohol, diluts nleohol, and methanol failed to yleld any produect

having & sharp melting point.

3. Atempted Preparation of the Dihydrazide of n-Hexadecyl
Malonic Acid,

2. One and two-tenths grams (0.024 mole) of 100% hydreszine
hydrate, 3.84 g. (0.0l mole) of diethyl n-hexadecylmzlonate, amnd 15 cce
of absolute alcohol were heated in a sealed tube for 10,5 hours at 1169,
The c¢rude produet wss washed with alcohol, giving 2.5 ge of white
powdsr, m.p. 137-1700 (dec.), Repeated erystallizstions from several
solvents did not bring the product to = sharp melting point.

be One and five~tenthas grams (0,03 mole) of 100% hydruzine
hydrate and 5 ece. ¢f alcohol were heated to boiling in a 200 ee. rounde

bottomsd, three-necked flask fitted with s dropping funmel and reflux
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condenssr, A solution of 3.84 g. (0.0l mole) of diethyl p~hexmdecyl-
malonzts in 10 cc. of absolute alcoohol was added dropwise during 20
ninutes, and the mixture wes refluxed for 3.5 hours. The mixture was
cooled snd filtered, glving 3.0 g. of white solid, which, after being
washed with &lcohol and ether, weighed 5,0 g, und melted et 136-17%50
(dec.). The product eould not be brought to 2 sharp melting point by
repeated erystallization frum slcohol or sleohol-scetone miitureai
Tastet Ko taste wss observed in any of the fractions obtained in the
preceding attenpted preparations sxcept in the two instances notsed

(1, s end 1, b).

VIl. Long~Chained Azo Dyes.

Ao JFrom Long~Cheined Alkoxysnilines, ROC.H,NE,.

1. Preparstion of le{p-dodecoxyphenylezo)}-2-nsphthol, p~m-

C; pHpg0CeH,NNGy o 0H-43, Seventy-two hundredths of u gram (0.0023 mole)
of p-dodecozysmiline hydrochloride (p=CyoH,s0CgH NH,*HC1l) waes suspended
in 120 ec. of water and the mixture wes heated, with vigorous stirring,
t0 the boiling point. Stirring wes continued spd the mixture wes coolsd
to 39, giving e suspension of the amine hydroehloride in & finely
divided mtute. Two cublc centimeters of concentrated hydrochlorie aeid
was added, then & solution of 0,17 g. (0.0025 mole) of sodium nitrite inm
15 cc. of water wes added dropwise during £0 minutes. To the mixture

wes added 10 ec., of 108 sodium hydroxide, followed by dropwise addition
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of 0.4 g. {0.00278 mole) of B-puphthol in 15 ce. of 5% sodium hydroxide.
A bright red orenge color developed in the mixture ss the alkeline solue
tion was added, The cooling bath was removed, snd stirring was continued
for 1.5 hours. The red solid wes filtered off and dissolved in sther,
and the ether sclution was weshed with dilute alkali apd with water,
Introduetion of hydrogen chloride caused separation of 0,24 g. of p-
dcdecoxyaniline hydrochloride, which wse filtered off. The filtrate

was washed with weter and dried over coslcium chloride, the solvent wus
removed, and the residusl derk red solid wes taken up in hot slcohol,
Upon cooling, the solution deposited 0,23 g. {43.7%) of l-(p-dodecoxy~
phenylazo)-2=-naphthol as tiny red needles, m.p. 80-82°. The dye was
guite soluble in ether, zlcohol, pet. ether (80-68%°), saetone, and
olive oil; 1t was slightly scluble in methenol.

Apsl. Calod. for CpgHngOgNpt N, 6.47, Found: N, 6.59, 6.61.

2. Preperstion of l-{p-tetrsdecoxyphenylezo)-2-nephthol, p-p~

C34HzgOCEH4NNC10HgOR~3, One znd seventy-three hundredths grams (0.005
mole) of p-tetradecoxysniline hydrochloride wes ecrverted Yo a fine
suspension in 200 cc. of water as described in {1). To the cold (0°)
stirred suspension wus udded 7 ec. of concentrated hydrochlorie acid,
followed by dropwise addition of s solution of 0,352 g. (0.0051 wols)
of sodiws nitrite im 15 ¢c. of weter. OStirring wns continued at 0-5°
for 1.756 hours, them 45 cc. of 2.3% sodiun nydroxide wes added dropwise

during 20 minutes. A solution of 0.793 g. (0.0055 mole) of F-naphthol



- 124 -

in 45 ce. of F% sodiunr hydroxide was added dropwise during 20 minutes,
apd the resulting deep red mixture was stirred for one-half hour., The
mixture was extracted with ether, the sther solution was washed with
dilute slkali and with water, and wes dried, Introduction of gsseous
hydrogen chloride geve & precipltate of 0.10 g. of p~tetradecoxyaniline
hydrochloride. The filtrate from the latter was washed with water and
dried over osleium chloride and the ether wus removed. The residual
oil was taken up in about £00 cc. of 3:2 methanolw-absolute slcohol mime
ture and the solution was filtered and cooled, giving & deposit of 1.43
ge of tiny red needles. This was recrystallized (Norit) from the same
solvent to give 1.3 g. (56.5%) of l-(p-tetrsdecoxyphenylazo)~2~paphthol,
B.pe 81.5+83°, The compound exhibited about the same solubility as the
n-dodecyl homolog.

Anal, Calecd, for CupHyoOgNpot N, 6.08, PFound: N, 6.07, 6.10.

3. Preperation of 1-{ idecoxyphonyleze)-2-naphthol, p-p-
GlsﬁﬁsaCGE@ﬁﬁClgﬂkaﬁkﬁl Five-tenths of a grem (0.00135 mole) of p-hexe=
decoxyaniline hydrochloride wss suspended in 80 ce. of water as Jde-
scribed in (1), To the cold (0°) stirred suspension wes 2dded 2.2 cc.
of concentrsted hyéroehloric zefid, followed by dropwise sddition of a
solution of 0,097 g. (0.0014 mole) of sodium nitrite in 10 cc. of
weter. The mixture was stirred for 1 hour, 1% ce. of 2.5% sodiwm
hydroxide was edded, then a solution of 0.288 g, (0,002 mole} of B-paphe
thol 1in 15 ce. of 5% sodium hydroxide was added dropwise, and stirring

was continued at 0-5° for 1.5 hours. The crude product was obtained
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from the mixture as deseridbed in the preceding preparation, =nd then
was orystallized (Norit) from 300 ce. of alcohol, giving 0.1 g. (15.2€)
of l-(p~hexadecoxyphenylszo)-2-naphthol es & red-orange powder, m.p.
82~84°, The solubility was epproximately the seme as that of the
Z-tetrsdeoyl homolog.

Apal., Celed. for CxpHg OpNpt N, 5,73, Foundt N, 5,56, 5.5%Z.
Mixed Melting Points.

121 Mizture: Alkyls are: Soften Melt
Cip and Cyq 70° 72-74°
Cy4 and Cy¢ 69.53 71=75%

The melting points of the pure eompounds ere: Cjp, 80-8£°05 Ci14,
81.5-83% C;¢, 82-84°,
B. ¥rom Long~Chained Sulfunilemides, H,NCqH,SO NER.

1. Preparation of 1=/p-(N-n-dodecylsulfonamido}-phenylazg/=g=

nephthol, p-n-Cy oHogNHS0sCaHMNC oHeOlH-/2 One and eighty~five hundredths
greme {0.005 mole} of p-(N-n-dodecylsulfonamido)=-aniline hydrochloride

{199) was suspended in 200 ce. of boiling ¥¥ scetic mcid with vigerous
stirring. B8ix cubie centimeters of concentrated hydrochloric acid was
added and the mixture was cooled to 0°. A solution of 3,79 g. (0.0085
mole) of sodium nitrite in 20 co. of water was added dropwise and the
{189} 'I’his eommund was prepared in the manner deseribed under N-{p=
nobenzenesulfom octadecylamine, Mr, L. D. Apperson kindly

pmvided an muthentic sample for @ mixed melting point determina-
tion.
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mizture was stirred for 40 minutes; then 50 ec, of 2.5% sodium hydroxide
wes added, followed by the sddition of 0.95 g. {0.0064 mole) of Beneph~
thol 1# 80 ce. of 8 sodium hydroaide. The mixture was stirred for 2
hours &t 5~10°, then for 1 hour at room temperature. The solid was
filtered off snd extracted with hot benzene, the bengene solution was
tieated with hydrogen chloride and filtsred, then was woshed with water
snd drieé over eslcium ehloride. The benzene wus removed, and the
residuel red-purple solid wns extraeted with 100 cec. of hot nmcetone,
leaving 0.50 g. (20.1%) of l~/p-(N-n-dodecylsulfonemido)-phenylazo/-g~
pephthol as tiny, bright red plates, m.p. 163~164°., The dye was quite
soluble in warm alcohol, warm olive oil, warm benzene, and petroleum
ether; it was speringly soluble in ether and hot acetone.

Mb c&ledt fﬂl‘ 02935?05”383 H. Bca. cht N’ 84%' 8641.

2+ Prepsration of lﬁ(H«g-octadaeylsulfommido)~phenylazg7-&~

paphthol, p-m~CigHz7RESO0pCgHRNC)oHgOB=-A. One and sirxteen~hundredihs
grems (0,0025 mole} of p~{N-m-octsdec,lsulfonemide}-euniline hydro-

chloride was suapsnded in 200 ce. of hot water with vigorous stirring,
2 littlie spap having been added to aid the dispersions With continued
stirring, the mixture was cooleé to 0%, 2 eo. of concentrsted hydro-
chloric acid was sdded, and a solution of 0.186 g. (0.0027 mole} of
sodiva nitrite wes added dropwise. Stirring wes continued for 1 hour
at 0=8°, them 30 e¢. of 2.98 sodiwm hycéroxice was added, followed by

dropwise addition of a solution of 0.4%2 g. (0.003 mole) of A-naphthol
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in 20 ce., of H% sodium hydroxide., The cooling buth was removed ond the
nizture was stirred for 2 hours, then was extraoted with benzene., Treate
ment of the benzene solution with hydrogen chloride gave 0.6 g. of
starting material, which was filtered off, The filtrate was washed with
dilute alkali, and dried with calcium chloride. Most of the benzene
was removed, & little methenol was edded, cnd the resulting bright red
precipitate was filtered off. The solid was crystallized from & mixture
of methenol and scetone, giving 0.12 g. (8.3%) of l=/p-(N-p-cotadecyl~
anlfemiée)-phenylazg?—-a-naphthol £8 a red micro-crystelline powdsr,
R.p. 158-152.5°, The solubility of the product was sbout ihe same as
that of the m-dodecyl homolog with the exception of a gresier solubility
in acetone.

Apel, Caled. for CpgHgsOnN3St N, 7.25. Foundt N, 7.10, 7.16.

Mixed Melting Point of the Preceding Two Derivatives.

A 1:1 mixture softens et 151° and melte at 158-160°,

VIII. Attempis to Sulforate Tri-m-octadecylsmine.

1. ¥ith Acetic Anhydride and Concentrated Sulfurie acid {200).

Pive grams (0,0065 mole) of tri-p~octadecylemine was pleced in & £00 cc.

round~-bottoned, three-necked flask Fitted with = stirrer, dropping
funnel, and drying tube. ¥ith gentle stirring, 50 ce. (53.7 g.; 0.525

mole) of acetic anhydride was sdded dropwise, forming & ereamy asuspension.

(200) Sulfonstion mixture deseribed by Treibs, Ber., 70, 85 (1937).
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The suspension was cooled to 00, 15 ce. (27.2 g.; 0.23 mole} of cold
(e®), concentrated sulfuric acid was added dropwise with stirring, and
stirring was continued at 0° for 1.5 hours, and at 5° for 2 hours. The
cooling bhath was removed and atirring was continusd at room temperature
for 16 hours, No chsnge in the appearance of ths mixturs was noted,
The tempersture wns raised to 55° snd the warm mixture wes stirred for
12 hours, during which time the amine dissolved, formimg & clear, brown,
rather viscous sélution. No evolution of gasz was noted. The solution
was cooled, the resulting suspsnsion wze poured into water, snd the
80lid was filtered off and crushad ob & porous plate, Having dried,
the solid (I} weighed 5.8 g. snd melted at 63-78%, One gram of {I) was
hested with 1 g. of potsssium hydroxide im 50 ecc. of 50% mlechol for 40
minutes. The mixture wag cooled, the liguid was poured off, snd the
rezidusl 20114 wee treated twice more in the seme maenper. The nroduect
waes orystellized from ethyl acetete, giving 0.80 ge of solld whiech
melted at 52-54°. The solid wzs identified as tri-m-ccizdecylamine
through the hydrochloride {(m.p. and mixed m.p. 93-95°), Another 1 g.
portion of (I) wae trested with Norit in 15 ce. of boiling edsolute
alechol and tha solution wes filtered and ccoled, glving 0.81 g. of
white pewder, m.p. 70-86°. This wes treated with alkali ss deseribed
sbove apd the residusl sclid was crystelllized from ethyl acetste, ziving
0;48 & of trijgreetadceylan;né. The ssme procedure was applied to the
remainder of (I}, giving 8.1 g. of tri-p-octedecylamine. The total

amount of smine recovered unchanged was 4.135 g., or B2.8%, If (I) wes
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considered as being entirely smine aulfgte, the recovery was approximates
1y 100f. Evaporation of the aqueous filtrate from (I) gave 0.09 g. of

black solid which was not worked up.

2. ¥ith Acetic Anhydride amd Fuming Sulfurie Acide Five grams

{0.0065 mole) of tri-p-octadecylemine was suspended in 50 ce. (53.7 g.}
0.525 mole) of scetic anhydride, the suspension was cooled to G-5°
{stirring), and 15 ce. (0.068 mole) of 20% oleum (cooled to 0°) weas
added dropwise. Stirring was contimued at 0° for 1 hour, then the
temperature was allowed to rise to 10° during 3 hours, and wes held
at 10° for 10 hours. Ko change of color or derkening was noted, The
mixture stood at room temperature for 36 houra, after which it was
dark red-brown in color, The mxﬁrre was stirred at 50° for 3,5 hours,
then was poured intoc crushed ice, and the aquecus mixture was filtered.
The residusl g0lid was wushed with 50§ alcohol and dried in & vacuwm
desiecator. It then weighed 5.3 g. and melted at 76-80° (I). This
product wae treated with 3 g. of potassiwum hydroxide in 100 cec, of
boiling 50% aleohol, The residual solid wes washed with dilute alcohol
and wag orystellized from ethyl scetate, giving 4.1 g. of tri-p=-
" octadecylamine, a recovery of 8%,

The aqueous filtrate from (I) was evaporated to 200 ce., diluted
to 500 ee., then concentrated to 200 ce. to remove scetic scid, The
polution was neutralized with barium carbonste, the precipitate was fil=-

tered off and washed with warm water, and the combined filtrate and

washings were concentrated to 175 c¢c, Cooling caused separation of 2
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dark brown solid (II) which wes filterad off snd redissolved in 800 ce.
of belling water, The solution was boiled with Norit, filtered, and
evaporated to dryness, leaving 4,05 g. of pale yellow, oryatalline aolid
{II1), which was very difficultly soludble in boiling water, Treatment
with concsntrated hydrochloric acid gave no evolution of gas, therefore
(III) was not barium carbonate. A suspemsion of (III) in ecold water
gave & white prseipitate upon addition of sulfuric scid, and the same
result wee observed with a solution of {III) in slightly diluted hydro-
ehlorié acid, Hence barium preswnubly was present. Ignition of {IIX)
gave a white residue which was somewhat soluble in water, fomming a
basic solution. Treatment of the ignition residue with 10% hydrochloris
acid gave hydrogen sulfide (lesd acetate test); hence sulfur was
pressnt. Anslysis of (III) showed 45,9% barium present.

The aqueous filtrate from (II) wes svaporated to dryness lesving
a dark brown solid., This wes dissolved in hot water amd the solution
was boiled with Norit, filtered, =mnd eveporated to dryness, giving
7,26 g. of red-brown, erystalline residue (IV). Ignition of (IV)} gave
& white residue, solubleé in 10% hydrochlorie aeid with evolution of
hydrogen sulfide. The acidic solution gave a positive test for barium
for znd for acetate iom. Apparently (IV) wes & mixture of berium
" mcetate and & barium salt of & sulfur-containing aeld. (IV) wes insol=
uble iﬁ, and gave no color to {ecold or hot) the following solvents:
ether, ethanol, absolulte @thanol, methancl, chloroform, ethyl ccetate,

benzene, glecial acetie acid, pet. ether (be.p. 60-68°), toluene, xylene,
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acetone, end dioxsne. Analysis of {IV) showed 40.)% berium present.

3. ¥ith 20% Olewm. Five grems (0.0065 mole} of iri-p~octzdecyl-
amine was mixed with 40 cc. (0.181 mole) of ecold 208 oleum, and the
nmixture wes stirred at 0° for 5 hours, then at 25° for 5.5 hours. The
reaction mixture stood at reoom tempersture for 10 hours, then was
poured into oracked ice, The odor of sulfur dioxide wes noted. The
mixture wes diluted to 600 ce, with water, and the brown insoluble
meterial wes filtered off, washed with water, anﬁ dried on a porous
plate. The weight of produet was 3.8 g (I}, Two grams of (1) was
treated with alkali in hot, dilute alcohol and the residue was crysfal-
lized from ethyl acetate, giving l.1 g. of tri-p-octadecylamine. The
remainder of {I) was trezted in the seme way and gave 1.3 g. of tri-p-
oe‘badeeﬁrlsmim. The total recovery was 2.4 g., or 488,

The agueous filtrate from {I) was evaporated to 200 cce and ex-
trected with sther. No color wes removed by the ether, and a similer
result was obtained with pet. ether (b.p. 60-68°), ZIXwaporation of both
extracts to dryness left no residue. The agueous luyer wes diluted to
500 ce., and was neutralized with barium carbomste. The precipitate was
filtered off, and the filtrate was evsporated to 50 ce. and cooled,
giving about 0.5 g. of brown solid (IX} which effervesced upon treat~
ment with hydroohloric ecid, apnd gradually diasclved., The solution gave

a8 white precipitate with sulfuric acid., Therefore (II) probably wes

barium carbonzte.
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IX. Attempt to Prepere Tetrekis(m-potadecylaminomethyl)methane,

(B~C, gHayNHCH,) (C. Two 2md forty~three hundredths grems (0.006% mole)
of penteerythrityl bromide (201), 14.82 g. (0,035 mole) of m~octadecyl=
smine, and 40 cc., of asbsolute aloohol were heeted in 2 sesled tube for
9 hours et 175-185°% The reaction mixture wes tramsferred to u flask,
200 oe. of sleohol wae a2dded, und the mixture weze heasted to boiling,
giving e clesr solution. Cooling ceused depositicn of 1.92 ge of white
solid, m.p., 92~970 (I). This was erystzllized twice from bemzene,
giving 1.88 g. of szoliéd, m.p. 989-100,%° {I1I).

The filtrate from (I) wes eveporated to & brown oil, which was
subjected to sublimetion under zapirator vacuum. The tampsraturs wes
held &t 1109 and the following fractions of white crystalline solid
were taken: after 1.25 hours, 0.l6 ge, Bepe 85~1410; after 6,5 hours,
064 gey Mepe B5+148%; after 11 hours, 0.35 g., Tepe 103-140°, The
three fraetions were combined snd refluxed with 5% potassium hycdroxide
{in 50% alcohol) =nd the mixture was cooled, giving a small amount of
oil snd 0,64 g. of pentaerythrityl bromide (m.ps ené mized L.pe 15745=
159°).

A quelitative anelysie of (II) showseé nitrogen sné bromiue to be
present, Treatment of J.1 ge of (II) with bhot alcoholic potassium
hydroxice (&%), Tollowed by ecidifiecation with nitric eeid and sddition

(201) Prepsred secording to the directions of Shurink, Org. Syntheses,
17, 73 (1937).



of alcoholic asilver nitrate gave s precipitate of silver bromide, This
indicated the presence of zn amine salt. Accordingly, 0.64 g. of {II})
was heated for 1 hour with 1 g. of potessium hydroxide in 25 ce., of

50% alecohol, the mixture was cooled, and the liquid was poured off.

The residuel solid was treated three times with hot 50% alecohol, leeving
0.56 g of white so0lid, m.p. 63-64.5° {III). This wac treated with
hydrogen chloride in s mizture of pet. ether {b.p. 60-68°) and benzene,
and the resulting solid was erystellized from benzene-methanol mixture,
giving 0.52 g. of white powder, m.p. 100-165°, The latter was treateé
with alkeli in hot dilute slcohol end weshed as leseribed above, lezving
0.47 g. of solid, m.p. 63-64°, A mixed melting point with {III} showed
10 depression.

One-tenth grem of (III) was treated with 3,5 ce. of 40% hydro-
bromic acid in 7 ce. of alcohol, giving & soclid melting et 90-150°,
Seversl crystallizations from benzene znd from pet. ether (b.p. 60-68°)
did not bring the solid to a sharp melting point.

Compound {I1) was analyzed for nitrogen.

Anel. Foundt N, 4.49, 4.44.

This result was c¢losest to egreement with the per cemt of nitrogen in the
two possible resction products, (ClgﬂsqxﬂcHzlscCHzBr (a), =nd
{CygHayNHCHp) 4C*EBr (b}, the calculated per cents of nitrogen being

4,42 and 4.57 respectively. Therefore a molecular weight determination

was run on (II) by the Reat method after a determirnation on a known

high moleculsr weight compound had been made.
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Molecular Weight, Tri-n-octadecylamine Hydrochlorids.

Celcd. for (57013537)3R'Hﬂ1= Mol, wt., 810.4., Pound: Mol, wte,
802,85,

Molecular Weight. Compound (II).

Celed. for (s) above: Mol, wt., 980.4; Caled, for (b) =bove: Mol,

wt., 1224.9. Found for (II): Mol, wt., 594, 622,
Therefore {(I1) 4id not correspond to these possible products,

The residue of the vacuum sublimetion previously deseribed was
subhjected o wvseuwmm distillation and gave 4.5 g. of material boiling
at 1850-1609/3 mm. The distillete solidifiecd on cooling, and wzs 1dentie
fied as p-octadecylamine by conversion to N-phenyl-N'-n-octadecylurea,
®m.p. and mized m.p. 99-100°. The residue of the distilletion was
erystallized from alcohol, giving a pale yellow solid, m.p. 96-150°
{1V}, This was trested with potessium hydroxide in 50% elcohol, and the
residual so0lid was eryetellized from mloohol {Norit) to give 0.71 g. of
white solid, m.p. 68~70° (V). Thie was erystellized from slecohol,
giving a solid melting &t 70-72°, cnd treetment of the lstter with
hydrogen chloride in slecohol gesve glistening plates, m.p. 178-176°. The
letter produet was shown to be di-m-octedecylrmine hydrochloride by
conversion to M,N —di~n~octadecyluree, m.p. =nd mixed m.p. 63~65° (20g},
Therstore (V) wes di-p-octzdecylumine.

The riltrate from (IV) was trested with hydrogen chloride, giving

(202} Mr. ¥. I. Harber kindly provided an authentic sample,
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a solid melting =% 158-177°, Evsporation of the filtrate gave a brown
solid which was trested with Norit in slcohol to give white erystsls,
m.Dpe 145-1769., The two frections were combined (1.0l ge} =nd refluxed
with potassium hydroxide in 50% sloohol for 2.5 hours, The product was
washed with hot dilute alcohol, and was crystellized from sleohol to
give 0.8 g. of di-p-octadecylomine, identified as described for (V).

Xs Metnlations of Lonz~Cheined Ocmpounds,

As Preparation of Comoounds.

1. Preparation of N~-Ethyldiphenylsmine (203). Thirty-three end

eight-tenths grems (0.2 mole) of diphenylemine and 46.2 g. (0.3 mole} of
dlathyl sulfate were heanted on a stesm bath for 20 hours under reflux,
The waxﬁ, syrupy mixture was poured slowly with stirring into 200 cec. of
15% sodium carbonate und the mixture was stirred at 50-60° for 2 hours.
The mixture was extracted with bonzene, the benzene layer waa weshed
with water, and then was ghaken with 100 e¢¢., of concentrated hydro-
ehlorie acid and left in contact with the aeld overnight. 4 erystals
line s0lid sepsrated st the interfsce, and was removed by filtretion onm
a Gooch crueible, sgiving 2.3 g. of diphenylemine kydrochloride. The
benzene layer was separated from the filtrates «nd dried over sodium

galfate. Reumoval of the benzene followed by vacuum dlstillation of the

{£03) Prepsred amccording to directions given by Gibsom and Vining,
Z. Chem. Soc., 123, 840 (1332),.
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residusl oll gave 18.8 g. of brown liguid, b.p. 145~148%/9 ma. This
product was redistilled, gziving 16.7 g. (42.5%) of N-ethyldiphenylumine,

bepe 141~142°/8 mm.

2+ Preparation of Nem-dodecyldiphenylswmine., Thirty-three and

eight~tenths grams (0.2 mole) of diphenylamine and 24.8 g. (0.1 mols)
of p~dodecyl bromide were mixed in & 200 cc. round-bottomed flaak, and
the mixture was heated (under an air condenser) =t 165-175%° for 10.5
houra. The resction mixture was extracted with dry ether, leaving i2.3
g+ of diphenylamine hydrochloride. The ather soluticn was satursted
®ith hydrogen e¢hloride, c¢uusing precipitation of 11.3 g. of diphenyl-
emine nydroshleride, which was removed by i‘iltraﬁon. The filsraie wze
washed with 10% potassium hydroxide and with water, shd was dried over
caleium ohloride, The ether was removed «nd the realdue was distllled
under vecuum, giving l4.1 g. of pale yellow liquid, D.p. 175-212°/3 mn,
This was redistilled to give 12.0 g. (35.6%) of N-p-dodecyldijnenylemine,
bap. 198-202%/8 mm.; ni® 1.5432.

Anal. Caled. faz; CogHzalNt N, 4.16, Founmdé: N, 4.22, 4.30.

Prepuration of Phenyl tradecyl Sulfide. This compound was
prepered by the method used by Ipetieff and co-workers (204) for the
preperation of n-amyl phenmyl sulfide. A solution of 11.0 go {(0.10 mole)

of thiophenol =nd 5,6 g. {0.10 mole} of potaasiur hydroxide inm 25 cc, of

(204) Ipatieff, Pines, and Friedmann, J. Am. Chem. Soc., 60, 2732 {1938).
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aleohol was heated to 80° on 2 water bath, and 27.7 g. (0.10 mole) of
R~tetradecyl bromide was added dropwise during 40 minutes. The mixture
was refiuxed for 2 hours, diluted with water to dissolve the precipitate
of potassiwm bromide, znd extirzoted with ether, The ether solution was
weshed successively with water, 10% potassium hydroxide, and weter, and
was dried over calceium chloride, The ether was removed, leeving anr oil
which esolidified on standing. The crude solid wus crystallized twice
from an slcoohol-mcetone mixture to give 18.2 g. {53.4%) of phenyl n-
tetradecyl sulfide as glistening white plates, m.p., 39.5-41.3°,

Anal., Caled. for C20H348l S, 10.48. Founds: S, 10.55. 10.59.

B, Metalstions (20%5).

1. Attempts to Metalste N-Ethyldiphenylsmine.

a. A solution of 8,0 g. {0.0406 wole} of Neethyldiphenylamine
in 20 cos of ether was uadded dropwigse to a stirred solution of approxi~-
mately 0.082 mole of m-butyllithium (206) in 80 c¢c. of ether end the

wixture wes refiuxed snd stirred for 20 hours. The e¢olor test for an

(205) The metalstions wsre run under an stmosphere of pure dry nitrogen
in the customary appsratus, which congists of a round-bottomed,
three-necked Ilasgk, fitted with & dropping fubnel, & mercury=~
sealed astirrer, and & Hopkins condenser,

(208) Prepared by adding £4.4 g. (0.178 mole) of n~butyl bromide to a
suspension of 2.50 g. (0.361 g. atom) of finely cut lithium in
80 c¢o, of dry ether in the apparatus described above. The solu=
tion was filtered through glass wool prior to use.
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organometallic compound (207) wus positive at the end of this period.
The reaction mixturs was carbonated by pouring it upon crushed solid
carbon dioxide, and wes aseidified with dilute hydrochlorie acids The
ether layer (I) was washed with 100 ce. of 10 hydrochloriec aeid, then
with 200 cc. of 10% potessium hydroxide, und wus dried over sodium
sulfate,

The alkaline axtract was scidified with dilute hydrochlorie scid,
giving & turbid mixture which wag extracted with ether, The ether
solution was dried, the ether wes distilled, spd the residusl oll waa
taken up in pet. ethsr (b.p. 60-68°), No crystals were obtzined by long
cooling; therefore, the mixture was dissolved in ether and the ether
solution was washed thoroughly with water. The solvent was removed,
the residue was stesm distilled to remove vealeric escid, and the residue
of the stesm distillation wes tsken up in ether, the solution was dried,
and the ether wes removed., The cily residue was dissolved in & mixture
of pet. ether {b.p. 60-68°) and sbaolute alcohol, amd the solution was
boiled with Worit, filtered, asnd cooled in ice, No crystals were ob~
tained. The solvent wes removed, leaving 0.7 g. of thick, orange~
yellow oil, which wes treated with 50 ce. of hot 9% sodium bicarbonate,
whersupon part of the oil dissolved. The mixture wes extraeted with
ether (II), ncidified with hydroehloric acid, and sgain extrected with

ether. The resulting ether solution wss eveporated, lesving en oil which

{207) Gilmsn and Schulze, J. Am. Chem. Soc., 47, 2002 {1925).
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was dissolved in & mixture of pet. ether (b.p. 60-68°} und absolute
aleohol., After standing for severzl deys in the refrigerator, the
solution deposited 5-10 mg, of Nephenylenthranilic =¢id, m.p. and mixed
M.p. 183-184° (208). ALpparently this acid came from s smsll amount of
diphenylumine present in the starting mesterial.

The ether extract (II) of the mizture obtained by the hot bicare
bonate treatment was dried and the ether was evaporated, leevinz sbout
0.5 c¢e. of thick brown oil. This was dissolved in pet. ether (b.p. 60=
68%), snd the solution was cooled to give 3-5 mg. of N-phenylenthranilie
acid, identified by a mixed melting point. The filtrate from this ncid
was cooled in dry ice-scetons mixture to give sbout 0.1 g. of pele
yellow solid, which, after havimg been washed with pet, ether (b.y. €0=
668°), melted at 115-130°., This wee recrystellized from pet, ether (b.pe
60~68%) giving about 0.05 g. of almost colorless crystsls, m.p. l12-
125°, The latter wes crystellized several times from slightly diluted
scetic acid, giving 5-10 mg. of solid melting st 108-112°, Thios zolid
has not been identified.

The ether was removed from the original ether layer (I) end the
residue was subjected to vacuum distillation, giving 5.2 g. of B~
etlyldiphenylemine, a recovery of 65%.

b. 4 solution of 8.0 g. {0.0406 10le) of H-ethyldiphenylumine

in 20 ce. of ether was sdded zs im (8) to & solution of approximstely

{208) Authentic sample kindly provided by Mr. S. M. Spatz.



0.083 mole of p~butyllithium in 100 cc. of ether, npd the mixturs wes
stirred and refluxed for £7.5 hours. The color test was positive =t the
end of this period. The reasction mixture was carbonated es in (o),
acidified with cold dilute hydrochleric zcid, and the ether leyer {I}
was washed with 200 ce. of 10% potassium hydroxide and with 200 cc. of
10% hydroehloric acid (II). The potassium hydroxide extract wus ined=
vertently lost, hence no information on the possible scidic products
wag obtzined,

The originel ether lasyer (I) was dried over sodium sulfste, the
€ther was ramoved, and the residue was vacuum distilled, giving 4.6 x.
of Neethyldiphenrlamine, b.p. 137-144%/7 mm., and 1.0 2. of dark brown
liquid, b.p. 1585-204%/7 mm. Ths recovery of N-ethyldivhenylamine was
%7.5%.

The zcid extract (II) was m=de alkzline with notsssiw Wydroxide,
then slightly seidic with =cetie seid, whereupom 2 small amount of bdrown
precipitate separated. This was filtered off =nd crystallized from pet.
ether {b.p. 60-68°), giving about 5 mg, of N-phenylanthranilic acid.

c. 4 solution of 8,0 g. (0.0406 mole) of N-ethyldijhenyle-
amine (209) im 20 cc., of ether was added to a solution of approximately
0.082 mole of n-butyllithium in 100 ce. of ether and the mixture was
refluxed for 29 hours. The color test was positive &t the end of this.

time, The resction mixture wss carbonated as in (2) cnd scidified with

(209) Materiazl recovered from previous Tuns.
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hydroehloris acid. The ether layer (I) was washed with 250 ce, of 10%
potessium hydroxide, them with 200 cc., of 10% hydrochloriec aeid {II),
end with water, and was dried.

The alkeline exirsct wes acidified with hydroshloriec meid and the
resulting turbid mixture was extracted with ether. The ether solution
was washed with 2.5% sodium bicarbonste (III) and dried over sodium sule
fate, and the ether was removed, leeaving & thick oil, The oil was sub-
Jected to steam distillation to remove residusl valeric scid and then
was dissolved in 60 ece. pet. ether (b.p. 60-68°), Cooling gave no
erystals, nor @id evaporation to 30 ce, followed by cooling give any
precipitate, The sBolvent wes removed, the residusl 01l wesg teken up in
alightly diluted zleohol end the solution wes boiled with Norit, fil-
tered, and cooled. No s30lid seperated. Evaporation to & smaller volume
following by cooling ceused separationm of am oil, The mixture wze
allowed to stand seversl days in the refrigerator, but no erystallization
occurred. Attempts to orystallize the oil from diluted scetone, pet,
ether (b.p. 28-38°), methanol, and acetic acid were umswccessful, The
oil wes redissolved in 10% potassium hydroxide, the solution was scidi-
fied snd extracted with ether, and the ether solution wus evaporated to
& viscous oil (2 g.). The latter was treated with Forit im absolute
eleohol and the sclution was filtered and cocled, giving no solid. Most
of the alcohol was removed and the residuul thick liquid was cooled
several hours in &sn ice-aslt mixture; no solidificationm vecurred. The

remainder of the alcohol wns removed under vacuum snd the residual thick
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0il was sllowed to stend in the refrigerator for several days. No
erysteilization wea observed., An sttempt to vacuum-sublime & product
from the oll wss not succeasful, Long cooling in contact with & little
pet. ether (b.p. 60-88°) geve no erystsls.

The ether was removed from the original ether layer {I) and the
Tesidual oil was distilled under vacuum, giving 4.3 g. (53.7% recovery)
of N~ethyldiphenylemine, b.p. 156-143°/9 mm.; end 0.8 g. of brown
liguid, b.p. 150-178° (dec,)/10 mm. The recovery of 53.7% of the starte
ing materisl in this rum comperes well with the 57.5% recovery noted
in the 27,5 hour run described in (b).

The sodiwm bicarbonate extrect {IIT) was scidified and extracted
with ether, the ether solution was dried, and the ether wes removed,
leaving a smell smount of oil having = strong odor of valeric scids. The
oil was taken up in pet. ether {b.p. 60-68°) =nd the solution was cooled,
giving no solid.

The acid extraet (II) was made alkaline with potassium hydroxide,
then réintly seld with scetle aeid, The aclidie soclutfion wes extracted
with ether, the ether salution was dried, and the ether wes removed,

leaving sbout 0.5 ce. of dark oil which was not further investigzted.

2e This seid

has not been reported in the literature. The method used in this a2t~

tempted preparation hag Deern applied suecessfully to the preparation of
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N~ethylcarbazole~2,8~8inarboxylic acld {£10). One gram {0,0047 mole) of
N-phenylenthranilins acid (211) wes dissolved in 50 cc. of acetone, =nd
£488 g. {0.01888 mole) of diethyl sulfate wss addeds The mixture was
hested to refluxing end & hot solution of 6 g. of potassium hydroxide
in 5 cc. of water was added dropwise with stirring. The resulting
thick mixture was stirred eand refluxed for 2 hours, 20 ce. of acetone
was added, and stirring end hesting were eontinued for one-half hour
lcnger. To saponify zny ethyl esters, 20 cc. of wster wae mdded and the
mixture was boiled for & hourss The mixture wes extrncted with sther,
the ether solution was extracted thoroughly with 106 potessium hydroxide,
end the alkeline extraot was meidified, gilving & preeipitete of pule
yellow aclid. This wag crystallized from s mixture of pet. ether (b.p.
60-68°) and sleokol, giving 0.83 g. of crystelline solid, m.p. 133-184°,
The solid wes identified &s N-phemylanthramilic meid by & mixed melting
point. Pertisl evaporation of the filtrutes fcllowed by cooling gave

no product.

S« Attempts to Metalate N-n-Dodecyldiphenylenine.

8. Five grams (0.0148 mole) of N-p-dodecyldiphenylamine wes
dissolved in 19 ocec. of ether snd the solution wae added with stirring to
approximetely 0,032 mole of m-butyllithium in 80 cce of ethers The

mixture wes refluxed for 24 hours; a color teat was positive at the end

{210) 8. M. Spatz, unpublished results.

{211) Kindly provided by Mr. 5. M. Spetz.



of this time. The reection mizture wes carbonated upor s0lid earbom
dioxide, the wixture was soidified with 1:1 hydrochlorie scid, nd the
ether layer {I) was washed with 250 cc. of 10% potsssium hydroxide.

The alkaline extract was acidified with hydrochlorie acid and
extracted with ether. The ether sclution was dried and the ether was
removed, leaving sbout 2 ¢c, of brown oil having z strong odor of vealeric
eeide The 0il was subjected to steam distillation, leaving a elesr
residusl aqueous layer (II) with no oil or solid admixed, even after
strofg cooling. |

The original ether layer (I) was dried and the ether was removed,
leaving e brown oll. This wes vecuur distilled to give 4.78 g. of N-n~
dodecyldiphenylamine, b.p. 198-204°/2 mm., a recovery of 95.3%.

‘The residual agueous layer {(II) from the steam dlstillation was
extracted with ether, the ether solution was dried, snd the ether wes

removed, leaving only traces of =an oil.

b. To e solution of epproximately 0.032 mole of n-butyle
lithium ir 80 ee. of sther was sdded a solution of 5.0 g« {0.0148 mole)
of N-n~dodecyldiphenylemine in 20 cc. of ether, and the mixture was
refluxed for 51 hours. The c¢olor test was positive at the end of this
time. The reaetion mixture was carbonated es im (a) amnd then scidified
with dilute hydroehleric scid, The ether layer wus woshed with 400 ce.
of 10% potessium hydroxzide (inm 80 cc. portions), them with weter, and
- wag dried over cslecium chloride., The ether was removed and the residuel

oil was distilled wnder vacuwum, giving 4.69 g. of N-m~dodecyldiphenyl-



emine, & recovery of 93.6%.

The alkoline extraet weap scidified with hydrochlorie scid and ex-
tracted with ether, and the ether solution was washed with 200 ce, of
5% sodium bicerbonste and dried., Removal of the ether left traces of am
oil. The bicarbonate extract was scidified and extracted with ether,
the ether snlution was dried, and the ether was removed, lesving only
traces of 8 liquid having a strong odor of vasleric acid.

¢. TFive grams {0.0148 mole) of N-n~dodecyldiphenylamine was
added to a solution of spproximately 0.032 mole of n-butyllithium in 80
¢c, of ether and the mixturs wus refluxed for 72 hours., A color test
a8t the end of this time wes nositive. The remction mixture was car-
bonated in the usuzl menper and then seldified with dilute hydrochlorie
seid. The ether layer was extracted with 200 co. of 10F potzasivm
hydroxide and with 125 ee. of 2% hydrochlorie scid (I), then washed
with water and dried. The ether was removed and the residue was dise
tilled under wvmeuum, glving 4.80 g. of N-n-dodeeyldiphenylamine, &
recovery of 96%.

The slkeline extract wes seidified with hydrochlorie scid and ex~
tracted with ether; the ether solution was weshed with water tnd dried,
and the ether was removed, leoaving about 0.85 ce. of oil having &
strong veleric eeid odor. Thir was taken up in ether, the solution wes
extracted with 5% sodium bicarbomste and dried, snd the ether was
removed, leeving only traces of esn oil. The bicarbonate extract wss

acldified and extracted with ether, the ether solution was dried, and
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the ether was removed, leaving only traces of an cil.
The seid extrzct (I) was made alkeline with potassium hydroxide,
then slightly zeid with acetlic acid. No precipitztion or turbidity

was noted,

3. Metslation of Hexsdecylbenzene. The semple of hexadecylben-

gene (£12) used in thie run was prepered by Mr, R. N. Meals by the
Friedel~Crefis alkylation of benzene with n-hexadecyl bromide.

A suspension of approzimately 0.033 mole of p~butylsodium was pre-
pered by stirring 5 g. of sodium wire with 5.23 g. {0.0166 mole) of
di-p-butylmercury in 50 ce. of unsaturated-free pet. ether (b.p. 85~
100°} for 1 hour. Ten grams (0.032 mole} of hexadecylbenzene was added
to the mp-butylsodium suspension and the mixture wes stirred at room
temperatures for 72 hours. The mixture became very viscous during the
first 24 hours of stirring so 50 eec. of solvent were added; s like smount
wes added after 48 hours, end anotber 50 eco. portion wes =dded just
prior to carbonstion. The color test was positive 2t the end of the 7&
hours of stirring. The reaction mixture was carboneted wupon solid
earbon dloxide znd ecidified with dilute hydrochlorie aeid. The sol-
vent leyer was washed with 200 cc. of 10% potessium hydroxide, then with
weter, and wes dried over sodium sulfate,

The alk_aline extraet was acidified with hydrochloric ecid snd em-

(212) B.p. 211-288°/13 mm.; ngi+® 1,4780.
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traeted with ether, and the ether sclution wes weshed with weter, then
with 2.9% sodium biearbonate, and dried, The ether wee removed snd the
residual derk oil {about ¢ cc.) wes trested with Darco in ncetone. Sub~
sequent to cocling, the scetone solution deposited D.07 g« of white
powder, m.p. 83-86° {I). To obtain =n indication es to whether (I) wes
the expected acid, 2 neutralization equivalent wes run, giving = vslue
of Z85 as compered with 346 cealculated for e monoearboxryhexszdecylbenzene.
Further concentration of the filtrate from (I) g=ve two crops of white
solid, which were crystallized from slcchol, givirg 0.1l g« of micro-
erystalline solid melting at 77-82° and 0.09 g. of s0lid melting =t 76~
80°, (I) was crystallized from elcohol, giving 0.05 g+ of microcrys~
telline solid, m.p. 85-88°, As yet, these frections hsve not been
investigeted further,

The originsl solvent lsyer was evaporated, lesving en oil which
was distilled under vacuum to give 6,7 g of the starting materisl,

Dep. 212-2270/13 mm.; ngz 1.4778,

4, Attempts to Metzlate Phenyl n-Tetrsdecyl Sulfide.

2. To e polution of spproximstely 0.03 mcle of m-butyllithium
in 80 ce., of ether wes added = solution of 9.18 g. (0.05 mole) of
phenyl p-tetradecyl sulfide in 30 cc. of ether and the resulting miz-
ture was stirrgd snd refluxed for 52 hours. The color test was negative
at the end of this period. The reaction mixture was csrbonated upon

solid osrbon dioxide and acidified with hydrochlorie acid; the aeidified
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mixture had & strong sulfurous odor; no valerie szecid odor was detected._
The ether layer was washed with 300 ee. of 5% potsssium hydroxide, then
with water, and was dried over sodium sulfate, KRemovel of the ether
left en oil which wes crystellized from sleohol-acetone mixture, giving
5,9 g. of white piates, m.p. 36-40° (I). This solid wae recrysisllized
from aleohol to give 5.3 g. of phemyl p-tetradecyl sulfide, m.pe. snd
mixed m.p. 38-41°, The filtyate from (I) waes concentrsted end cooled,
glving 1,9 g of pzle brown solid. This wes crystallized twice from
aleohol-zcetone mixture to give 0,98 g. of pheryl p~tetrsdecyl sulfide,
Reps tnd mixed m.pe. 37.5-41° {the totul recovery of phenyl n-tetradecyl
sulfide was 64%). The filtrate was evaporated to a brown oil (1.l g.)
which has not been worked up.

The alksline extroct was scidified with hydrochloric szoid snd
extracted with ether, and the ether solution was washed with water and
dried, Removel of the ether followed by long cooiing of the smsll
liquid residue gave 5~10 mg., of benzoic zeld, m.p. 2nd mized m.pe 120=
122°. No other acidic materisl wes isoleted.

be To & solution of spproximately 0,03 mcle of n~butyliithium
in 90 ce, of wnsstwuted-free pet. ether {b.p. 26-380) wzs cdded 2.9 g.
{C.029 mole) of phemnyl m-tetrudecyl sulfide in 20 cce of the swme sol-
vent. The solution wus stirred =nd refluxed for 48 hours, &t the end of
whick time the color test wes positive., The remction mixture wss cur—
Lenated irp the usuel mzpner snd acidified with hydrochloxic zeid, giving

a definite odor of veleric scid. The solvent layer was washed with
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250 ce. of 5% potaesium hydroxide, then with water, and was dried. The
solvent was removed znd the residusl oil was crystallized from zlcohel,
giving 8.0 g. of phenyl p-tetradecyl sulfide, m,p. =2nd mixed m.p. 38=
41° (I)e The filtrate from (I) wes concentrated smd cooled to give
0.2 g« of phenyl n~-tetradecyl sulfide, m.p. 38-40.5°. The total
recovery of starting meterial was 92.1%.

The alksline extract was ecidified and extrected with ether, and
the ether sclution was evaporated to s amell smount of an 01l heving
a strong valerie acid odor. This was taken up in 3-5 ce. of pet.

ether (b.p. 60-68°) but gave no crystals upon long cooling.
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DISCUSSION

It was stated in sn introductory parsgreph that the purpose of the
inveatigations deseridbed in this thesis wes to examine further the
limits of the spplication of the phenomenom of homology to long-chmined
compounds, and at the same time to prepare compounds which might serve
as derivatives or exhibit some other uaseful property. Therefore, this
discuesion of the experimental results is designed to point out where
possible the sugcess or failure of that purposa..

In the majority of the euses studied, methods appliesble to the
preparation ¢f low molecular weight compounds were found to apply slse to
their long-chained homologs with no marked changes in the conditions of
the resction. Moreover, the physicel properties of the long-chained
conpounds prepared by such reactions were observed to vary regularly in
the several series, and to approximate values which would be predicted
from those of the lower structursl homolegs. However, in some cases,
exceptions to the preceding generalities were noted. These will be con-
sidered more fully in the following discussion of the several phases of
the experimental work.

p-Octadecylamine underwent reaction with benzoyl ehloride, p-
toluenesulfonyl chloride, and p-acetaminobenzenesulfonyl chloride under
customary econditions to give good yields of the corresponding long-chained



- 151 -

emides, These ars crystalline solids with definite melting points =nd
therefors seem suitzble as derivatives for charscterizing the smine. It
should be noted that m(y_-aminobenzoneaulronwl)og_-oetadeeylamina was
observed to melt at 118.5-120.50, whereas Crossley and co-workers (104)
report the melting point of the seme compound as 127-130°, Their com~
pound was cryatallized from dilute alochol rather than from acetone;}
poasibly this asocounts for the difference. Phemyl isocyanate and phenyl
isothiocyanate reacted smoothly with n-octedecylamine giving the corres=-
ponding urea and thioures in exoillent yields. 8Since these are readily
prepared in & pure state and' exhibit comparatively high melting points,
they sre the best of the derivatives reported here. The resction of
stesroyl ochloride with p-octadecylamine, while interesting from the
standpoint of homology, Gid not lead to & satisfactory derivative
because of great diffieulty in purifying the produect.

Di-p~octadeoylemine formed the expected di-substituted amide by
reaction with p-toluenesulfonyl chloride, though in lower yields than
h~octedecylamine, The feilure of the attempts to prepare the p-acetamino-
benzenesulfonyl-derivative of di-m-octadecylamine and the N-dialkyl-N'-
phenylurea and ~thiourea was due perhaps to improper conditions for the
reaction of so large s molecule. Apparenily, under conditions comparable
to those applied to lower struectural homologs, di-g—octadeeylaminé did
not exhibit homology of resctions in théee cases.

An attempt to prepare tetra-p-octadecylemmonium iodide was unsuccess-

ful. Since trimethylamine and n-docosyl bromide (022) have been
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observed to form n~docosylirimethylammonium bromide {134) at 2 lower
temperseture than employed here, the failure of this sttempted preparation
seems to indicste a limit of homology with tertisry emines, Apparently
no quaternary salt formed, snd the high temperature only aided in the
abstraction of hydrogen iodide from p-cctsdecyl iodide by the aetion of
the base, tri-n-octadecylamine, to form the salt of the amine, This
result was verified by s check rum, but still no indication of octa-
decene wes observed, The observed formation of the amine hydroiodide is
difficult to align with the results of Girard and Fourneau (135), who
prepared tetra-n-hexadecylammonium iodide by passing gassous zmmonia into
molten m~hexadecyl iodide at 2009, a temperature 20° higher than that
used hers. It would seem that tri-p-hexadecylamine would be an inter-
mediate atage in their preparation of the quaternery salt, and that
there would be an aeven greater tendency for the tertiary amine to ab-
stract hydrogen lodide from the alkyl halide at the higher temperature.
Even if sny hydrogen iodlde formed reacted preferentislly with excess
anmonis rether than the amine, 1t seems the product should heve been the
tertiary emine and not the gquaternary salt.

The preparations of the long-chaiped barbituric scids =nd the inter-
mediate malonic easters were conducted without difficulty under customary

conditions to give fair yields of products except with the n-octadecyl

members. The poor ylelds of diethyl ethyl-m-octadecylmelonste mey be

attributed in pert to the difficulty in purification by crystzllizetion
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end to losses by decomposition when purified by vecuum distillation,
The boiling points of the four esters prepared, of which diethyl ethyle
B~hexadecylmslonate and the n-octadecyl homolog had not besn reported
previously, rose regularly with increassing chain lengtha. The bofling
points obaerved were: Cyp, 170-174°/2 mm.; Ci4, 175-177°/1 mm.; Cig,
198-204°/2 mm.; end Cyg, 208-210%/2 mm. Stanley snd co-workers (138)
reported the boiling point of diethyl ethyl-n-dodecylmalonate es 181w
183°/4 mn,, and that of the p~tetradecyl homolog as 172-1779/3 mm,
5-Ethyled~p~dodecyl-barbituric acid and its n-tetradecyl- aund
B-hexrdecyl homologs were formed in fair yield under the conditions
used for the preparation of lower homologs. However, for the n-octae
decyl homolog, 2 higher temperature was reguired. It is interesting
to note that the method employed by Buck and co-workers (102) for the
condensation of N-p=octadecylurse with diethyl ethylisobutylmalonate to
form l-proctadecyl-S-ethyl-5~isobutyl-barbituric acid wes unsuccessful
when =pplied to the condensation of uree with diethyl ethyl-n~octadecyl-
malonete,

The melting points of the long-chained barbituric scids described
here showed a regular decrease from the prdodecyl to the n~-hexadecyl
member, but the melting point of the m~octadecyl homolog was higher than
those of the other three. Since the melting points of the lower S-etlyl-
P-p=alkylebarbituriec acids decrease with increasing chain length, the
decrease observed with the ebove three homologs was expected. It may be,

then, that the melting point curve of the even members reaches &



minimum between the n-hexadecyl and n-octadecyl members, Therefore, it
would be interesting to prepare the corresponding m-eicosyl (Cpg) and
p~dodosyl (Cpp) compounds to determine whether their melting points &re
higher yet them that of the n-octadecyl member., The melting points of
mixtures of the barbituric scids with their next higher homologs ex-
hibited considerable depression. Hence these compounds might be used
ag derivatives for the corresponding mslonic esters, or more indirectly,
for the m-alkyl halides.

The preparationsof the hcmologu of Phenacetin snd the intermediste
ccmpounds were effected smoothly by customary procedures. The n-long-
cheined-alkyl penitrophenyl ethers were formed in good ylelds under
conditions less drastie than those employed for lower homologs (144),
end reduetion to the corresponding amines proceeded under ordinary con-
ditions, Henece the phenomenon of homology may be seid to spply here,
Acetyletion of the amines to give the homologs of Phenacetin (p-ccet-
eminophenyl m-alkyl ethers) elso was effected by = customary procedurs.
However, the yield of acetylated product was somewhat lower thsn
expected, L different method of acetylation, perhaps at higher tempera~
ture, would doubtless remedy this difficulty.

The melting points of the higher two long-cheined ethers ere suf-
ficiently high that the compounds might be usecful zs derivetives for the
long~cheined halides, The mixed melting points of the Phenucetin
homologe exhibit considerzble depression, & fuct which should meke

poseible their use sg derivatives. As would be predicted upon the bosls
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of homology, the melting points of both the alkyl p-nitrophenyl ethers
and the alkyl p-sceteminophenyl ethers increese with increasing chaln
length.

The reaction of potassium cyznete with the long-chsined p-elkoxy-
anilines gave unsatiafuctory yields of the desired homologs of Dulcin.
Since p-dodecoxyphemylurea and p-tetradecoxyphenylures exhidited no
sffect on the sense of taste, perhaps because of grest insolubility in
the secretions of the mouth, the investigation was not carried further.
However, these two compounds and higher homologs night be prepsred in
betier yields by replecing potassium cysnate with nitrouree, =according
to the method used by Buck and co-workera (10Z2) for the preparation of
long-chained ureas such as N-n-hexadecylurea. It should be noted that
the preparstion of substituted ureas by the sction of poteesiwm cycnste
upon wholly aliphatic long-chained smines has been effected with emines
such a8 Gi-p-octudecylamine (Z18).

The fsilure of the attempts to prepare dihydrazides of long~chain=-
substituted malonic scids epperently was due to the fomation of mixtures
of compounds heving &pproximstely the seme solubilities, Since the
presence of two like reactive groups in the long-cheined nelonic esters
enables both mono- and disubatitution by hydrezine to form the corres-
ponding monow- and dihydraszides, it 1s likely that under the conditions

used, this actually ococurred. Other possible components of the mixtures

{213) %. X. Harber, unpublished results.
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are gyelic compounds formed by reaction of one molecule of hydrazine
with both ester groups of one molecule of long~cheined ester, =nd pro-
ducts resulting from the condensation of one ester group from each of
two molecules of the malonic estaer with one molecule of hydrazine.
Apparently considerasble study would be regquired to Cetermine conditions
under which the long-chained malonic esters would be converted largely
to the desired dihydrszidea, These unsuccessful attempts to prepaere the
dihydrazides seem to be an exumple of the limitetion of the applieation
of bomology, since diethyl ethylmslonante reacted smoothly with hydrazine
under the same conditions to give good yields of the dihydrszide of
ethylmslonic acid (120). However, the prsparation of the intermediate
diethyl m~alkylunlonstes was effected readily by customery procedures,
and the boiling pointsléxhibited e reguler increase with incressing chainm
length as would be expected. The boiling points observed at two millie
meters weres Cpg, 158-161%; C;,, 168-175°; ond Cy4, 152-188°%. The
boiling point of the n-tetradecyl homolog hns not been reported previous-
_ly. T¥or the n-dodecyl homolog Rothstein {151) gove the boiling point
&3 P01l-2039/13 ma., and Brigl {152) revorted the boiling point of the
p-hexsdecyl member ss 233-240°/14 mm,

The long-cheined azo dyes described in this thesis were prepared bty
& method developed for diszotizing water-insoluble long-chuin~substituted
aniline hvdrochlorides in the customery aqueous medium. The yislds of

product were rather poor due to the difficulty of dispersing the ascliid
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emine salt as particles small enough to insure good contact with the
diazotizing agent. This difficulty might be overcome by the use of =
different method for preparing the suspension, or by employing a2m
organic solvent such a3 glaciasl acetic acid. An attempt to use ths
mixture of glacial acetic and phosphoric scids described by Schoutissen
{214) was unsucceesful because of the formstion of intractable emulsions.

The dyes prepared from the p-alkoxysnilines are not suitable
derivatives since the mized melting noints show very little depression.
Because of their comparatively high melting points, the two dyes derived
from long~chained sulfanilamides might be used as derivatives, but
sgein, a mixed melting point gives little depression.

The attempts to sulfonate tri-p~octadecylamine were unsuccessful.
Only with tweniy per cent oleum did any marked amount of reaction occur
and this spperenily involved decomposition of approximestely hself of the
emine rather then sulfonetion. In the run in which scetie anhydride
and funing sulfurie acid were usmed, the erystelline producta isclated
seemingly were the result of interaction of the components of the sule
fonation medium, for the amounts of these compounds are much too grest
in comparison with the eighty-two per cent recovery of tri-n-cctadecyl-
amine %o have come from the amine itself. The asction of chlorosulfonie
acid upon the long-chuined aliphatic amines should be investiguted, and

likewise the effect of cleum over & long period of time &t temperatures

{214) Schoutissen, J. Am. Chem. Soc., 58, 45631 (1933},



in the range from 0° to 5°. Perhaps violent egitation of a sulfonsting
agent with a solution of the emine in an inert solvent such &s g-tetra-
chlorosthane {215} would lead to the desired sulfonetion product.

The attempted preparation of tetrakis(p-occtadecylaminometshyl)-
nmethane was unsuccesasful probably beeacuse of the fommution of &n inter—
vnediato product under the conditions employed, The formuation o the
desired compound might be expected to proceed in & stepwise Bunuer, the
four bromine atoms of pentaerythrityl bromide /tetrakis{bromomethyl)=
methang/ being suceezsively replaced by n-octadecylamino groups. Hence
the preduct isolgted might well represent one of the intermediate atsges,
snéd doubtless it would be necessary to investigate a great number of dif-
ferent experimental conditions to discover a set which would give the
desired compound as the mejor product. Msthylamine wag reported to give
good yields of the lower homolog (161) under the conditions used in this
attempt; therefore, it seems that the extersion of the phenomenon of
homology to n-octadecylemine in this particular reaction is somewnat
limited, in that special conditions apparently sre necessary. Even so,
the difference in reaction is probably only one of rete and not of kind.

The study of the mesialetion of long-chained compounds has not
progressed sufficlently at thia time to allow comclusions {o be drawn.
However, the resulta obtsined thus far are summerized here, HRetalation

of N~sthyldiphenylamine with p~butyllithiws in ether yielded a product

(215) Pollack, Monetsh., 54, 20 (19298},



which mey be the expected N-ethyl-N-phenylanthranilic seid, but which as
yet has not been identified. In the light of the results previously
obtained with diphenylamine (167) snd N-ethylcarbezole (169), metzlation
of K-ethyldiphenylemine in the corresponding ortho-poaition would be
expected.

In all of the sttempts to metalate N-n~dodecyldiphenylamine with n=
butyllithium in ether, most of the starting materizl was recovered un=
changed, &nd no scidic msaterisl other tham veleric scid was isolateds. If
the product from N-ethyldiphenylemine lster is shown to be the expected
acid, then it would seem that homology of reaction does not s&pply to the
higher homolog, B-n-dodecyldiphenylemine. ¥%ith the latter, however, the
long periods of refluxing in ether mey have lowered the concentration of
the metalating agent (by ether cleavege) to e& point below thet required
for metulation before the apperently slow metalation resction coulé prow
veed to asny extent. A better comparison of the two smines from the
homology stendpoint could be made by subjecting them to the action of
p~butyllithium in em inert solvent such as light petroleum ether,

Metalation of hexadecylbenzene with n-butylsodium in petroleum ether
{b.p., 85-100°)} gave an acidic product which &8 yet has not been identi-
fied., Oxidetion of the product should show whether the acidie group is
in the aromatic¢ nucleus or the aliphatic side c¢hain, for the former possi-
bility would yield a phthslie scld, wheress the lstter would yield only
benzoic acids It is proposed to resct n-butylsodium with hexadecyl-

benzene prepared by reduction @f palmitophenone (from pslmitoyl chloride
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end benzene by the Friedel-Crafts reaction) amd to compere the product
with that odtained from the above reaction. This work is im progress.
If the two metalation produets ere the same, thet fset will be further
evidence that the hexsdecylbenzene prepsred by long~chained=-alkylation of
benzene by the Friedel-Crafts method hag the same structure as that pre-
pared by long~chained~acylation.

Phenyl-n-tetradecyl sulfide gave no metalation product with n-
butyllithium in diethyl ether or in petroleum ether. The isoletion of
a small amount of benzoic acid from the ether run agrees with results
obtained by Webb {218), who isclated benzoic acid from similar runs with
nethyl, ethyl, snd butyl phenyl sulfides. However, he also cbtained
metslation products; for example, sthyl phenyl sulfide gave o-ethyl-
merceptobenzoic acid (170)., On the basis of homology, phenyl n-tetre-
decyl sulfide should have ylelded o-n-tetradecylmercaptobenzoic scid.
Here the large molecule may be teo sluggish to reaot with p-butyllithium,
snd the effeet of the more resetive agent, n-butylsodium, should be
investigated, No metalation product and no benzolc acid was isolated
from the petroleum ether run. Webb (216) obtzined e similar pegative
result in s forty~five hour rum of mefhyl phenyl sulfide and n-butyle
lithiwm in petroleum ether,

The long=-chsined barbituric acids, the long-chained p~aceteminophenyl

alkyl ethers, and the long-chained sulfanilamides were prepared with a

{218) F. J. Webb, unpublished results.
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view toward possible recurrence of the pharmecological effects of the
lower homologs. Beeause of the difficulties involved in testing these
insclubls compounds, no results of pharmacological tests are avellsble
at this time., 8ince all of the long-cheined dyes prepared were soluble
in olive 0il, 1% was hoped thet they might be effective mguinet capsu-
lated orgenisms, where the long chain supposedly would penetrate the
eapsule, bringing the active pbrtion of the molecule into contecet with
the orgenism itself. However, no tests toward this end have been made.

Through the kind cooperation of Dr. Rachel Edgar snd Miss Virginia
Ester of the Textiles Chemistry Department, one of the dyes [i-(p~
tetredecoxyphenylazo)-2~naphthol/ is being tested for its tintoriel
effect on & pumber of fabrics., Resulis obtained thus far indicate that
the compound hus some promise &s an}agent for dyeing nylon.

In conclusion it seems fair to state thet in general the phenomenon
of homology hes been found spplicable, without serious limitations, to
the severel series of long-chained aliphstic compounds whose preparstion

and properties are included in these investigations.
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HOTE ON NOMENCLATURE

In snswer tc an inguiry regarding vths naming of compounds comtain-
ing & long-chained alkoxy group, Dr. E, J. Crane and Dr. Leonard T.
Capell of the editorial ataff of Chemicsl Abstracts kindly provided the
following information.

"Chemical Abstracts prefers the compound names for these radiesls
over the slightly shorter contracted forms. Thus we prefer dodecyloxy,
tetradecyloxy, cetyloxy (we use cetyl instead of hexsdecyl, 2lthough
hexadecyl is just as good if you prefer it), and octadecyloxy. We use
parentheses when the two parts of the neme are in elphsbeticsl order,
snd omit the parentheses when the two parts sre out of alphabetical
order, LeBes tetradecyloxy is used without parentheses (t and o ere out
of elphabetical order)."

Therefore, the preferred names for certein compounds deseribed in
this thesis are: p-{dodecyloxy)aniline (pp. 72, 122), o~(octadecyloxy)-
benzoic acid (p. 75), [p-(dodesyloxy)phenyl/ures (p. 113), (p-tetra=
desyloxyphenyl)urea {p. 114), 1=/p-(dodecyloxy)phenylazg/=g~naphthol
(p. 122), 1~(p-tetradecyloxyphenylezo)-2-naphthol {p. 123}, p-tetre-
decyloxyaniline {p. 123), 1~/p~(hexadecyloxy)phenylazg/=-2~nephthol
{p. 124), and p~(hexadecyloxy)aniline (p. 124). The author prefers

hexadesyloxy over cetyloxy for consistency.
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SUMMARY

The development of'ths concept of homology hes been reviewed and
its spplication to long~chained eliphatic compounds has beesn discussged.
The physiologicsl effects of a number of long-chained eompounds have
been deseribed.

New long-chaiped compounds comprising emides, sulfonamides, N-slkyle
N'-phenylureas and -thicureas, slkyl p-nitrophenyl ethers, alkyl p-acet-
eminophenyl ethers, p-alkoxyphenylurees, diethyl ethyl-n-alkylmalonates,
barbituri¢ acids, azo dyes, &n smine, agd an &lkyl phenyl sulfide have
been prepsred and some of their properties recorded. The use of some of
the ¢ompounds && derivetives hms been proposed.

Unsuceessful attempts to prepare tetra-p-octadecylammonium iodide,
totrakis(g?oetadecylsminomsthyl)methane. dlhydrezides of long~chained
malonic scids, sulfonation products of tri-n-octadecylemine, =pd certain
derivatives of di-p-octadecylamine have been described.

Some metalstion studies of long-chsined compounds have been
reported, These include unsuccessful attempts to metelate N-n-dodecyl-
diphenylemine snd phenyl n-tetradecyl suifide, and experiments which are
in progress upon the metalation of hexadecylbenzene and N-ethyldiphenyle

amine,
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It is concluded wpon the bssis of the experimentsl results that the
phenomenon of homology can be extended to the majority of the long-

chained compounds included in these investigations.
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