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The research group to which this invastigation wus nssipned began work

in the month of March, 1942, It was first necessery to plan and dsteraine

upon & schedule for the investigation, by whica it could best be aciomplish-

ed. For this we first contacted various experis in the Field of lubzrisat-

ing oil research in the laboratory in Anmsterds:. In addition, confereices

were held with several gentlemen of the test stetion {Test Station, Delft)

of the B.P.M., vhers they ave espec:,ally conversant with all the practical
problems relating to lubrieation.

The date obtained in this wey,.were compered, end on the busis of these
date, a preliminary program for the inveéstigaticn wes éram up. ,

Finally, consideration wes given as to row the parts of this program
night best be accomplished within the limits o the research group concemed,
end in vhat sequance the different component parts should be started.

We will discuss more cerefully in th: aext monthly report ths final
program for the plen of experimentsl work, inwvestigation of severzcl parts of
‘which has already been started in the meantime,

‘ 11r-2
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In connection with the preliminary discussions, the accouny, of which
was given in our monthly report for March, we ~en mov discuss the program
for the experimental work more carefully, eines we have started this program,

First one might ask what result we could really expeet from an
exhaustive investigation concerning the conatiiution of lubricating oils.
The answer to this was that it was hoped to determine which type of molecules
possesses especlally favorable properties for purposes of lubricution.

The next step would then be either to separat° thase desirad type'a of
molecules from crude petroleum or to synthesize them in crder to be able to
meke practical use of the knowledge gained and to obtain bebter results.
However, such special products will always be cmeneura'cely nore expensive
end, thorefore, it is concluded thaet only definite fields of applicution cen
be considered, in which a need alreedy exists Zor a better lubricent, and
which meens a proportionately limited narket.
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We have eritically examined the various flelds of application

of lubricating oil with the gentlemen of the Test Station, Delft and from

this have come to the conclusion that lubricating oil for gasoline motors

(especially aircraft motors), hot steem cylinder and large Diesel motors
should constitute by far the most importent subject for our research.

It ocan now be asked, which are the most important demends which
will be placed upon the lubricant in these ‘uses, in order %o conclude
therefron which properties should be considered for exemination in our
investigation. It is then found that the following points are of real
significence: '

1. commensurately lower pour point ,

2. flat temperature-viscosity curve - o

8. low volatility (1.e., in the first approximation, as higa a
molecular weight es possible at a given viscosity)

4. high oxidation stability; desirable flow behavior of the
oxidation product; sludge supporting action

5, slight corrosion of lead bronze and iron

6. good wetting of metal surfaces. -

As the next step, therefors, procedurss now had to be deviged
for measuring these various properties; before this, however, it would be
desirable to think about whet kinds of substances would be the subject

II1.3
2809

of the investigation, since in this choice, certain inferences have elready

been included concerning the measuring procedures to be developed.

The substances which we intended to investigate can be arranged
in four groups:

I. T ical lubricating olls of guelity known from the art, investiga-

tion of which would serve in a certain degree to evaluate our
measuring procedure in correlation with practice,

II. Gertain constitnents of natural inbricating oil, which have been

prepared from it by various processes {such, for example, as those

devised by Rhenania, namely chromatographic separation® distillation,

end extraction.) :

II1. drocarbons varioug types and exactly knmown structure,

The investigation of these substances was 1ikely to yield consider-

able infornaetion concerning the influence of the molecular type
upon ths lubricating aetion. '

IV. Synthetic products, of which, to be sure, it can not be said that
the molecular type is accurately knowm in all respects, but of whi
however, the general characteristice of the molecular species are
established on the basis of the synthesis procedure,

It is clear that the third group, which, however, is extremely

% Translator’s note: Probably percolation through silica gel, activated
alunine, or the like, wherein certain color bands appear zlong the bed
as the result of preferentiel edsorption of certain components of the
lubricating oil. They probably have a refining or separation process
baged upon this preferential adsorption and subssquent desorption.

ch,
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important for the object of the investigation, requires a consicersble
limitation of tue measuring procedure to be selected. The purs high
moleeular weight hydrocarbons arz slways available only in very limited
quantlties, ond, thersiore, the measuring proceduras for the siy polnts
named above should be pleaned in such a way that they can be pertormed
with very small quantities of oil; procedures which ere to a certain degres
semi-nicre in nature should be developed.

={ we new meks 2 survey of the parts of ihe investisstion vhich

should e underteken first, particularly because they will requive e proportione
ately long tlme for developuenty we find that the gynthesis of the purs hydvo.
carbons (IIL) and the development of the measuving procedures for temperaturs-
viscosity behavior {2), oxidation stebility (4), corrosion {5}, snd wetting '
of netal surfaces (6) must be considered first. : .

TIiT-4
&ccordingly, verlous gentlemen have already been entruzted with 2310
carrying out this part of bth.e worik and have alveady started witk it, nanely,
Dr. Verberg with the hydrocarbon synthesis, fir, Nederbeagt with the viscoelty
study, and Mr. van dor Tijdun with the investigetion relatine tc oxidation
stability, corrosion, and wetting of metal surfeces.

Obviously we will also gradually aitach the other poirts and seek
to carvy out the dovelopmeat of the entire investigation as visorously as
posaibla, )
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exemple, without further ado, we will eliminate those kinds of molecules,
concerning which it is kmown from experience thet they have less favorable
properties, such, for example; as very highly brenched aliphatics end
highly aromatic products. In genersl, we will limit ourselves at firs

to more or less elongated molecules. o

In order then to limit oneself to the still extremely large
nunber of conceiveble possifqilities for synthesis, it is well to consider
the following: N

1. We must produce substences, the structure of which, wherever
possible, is known for certain and which are ordinarily really pure.

2. Prefersbly we must produce about 100-200 g of each preparation.

8. It would obviously be desirable, for purposes of comparison, I11-6
to select the various preparations in such a way that ell of them would 2812
bave an equally large number of carbon atoms per molecule.

These three requirements have a very powerful limiting effect,
since at present, only those synthesie methods are considered, for which
the structure of the resuiting product is unembiguously esteblished, end
which do not give too smell a yield. In addition, in the synthesis of
high molecular weight products, it wes decided to stert out with basic
substances with not too low a molecular weight. However, these starting
meteriels should then either be availaeble in the pure state, or it should
be possible to purify them fairly well. The already limited number of
commercial products available, which are satisfactory for this purpoce,
may become considerably more limited still owing to the present state
of affairs.

On the basis of an exhaustive study of the literaturs, in wnich
the coneiderations just mentioned were taken into account, we concluded
that 1t would be the most favorsble to select the number of carbon atoms
in the hydrocarbons at 36 and to seek to prepare the following Cgg hydro-
carbonss

one aliphatic hydrocarbon with a straight carbon chain

two aliphatic hydrocarbons with branched carbon chains and very different
degrees of branching

two mized aliphatic-eromatic hydrocarbons with one ring or two rings

two mixed aliphatic-hydroaromatic hydrocarbons with one ring or tmo rings.

During the past month, we were busy with the procurement and
preparation or purification of the starting materials required for these
syntheses. In the report for next month, we hope to be able to discuss
more intimately the synthesis methods which we plan to use, since we will
then kmow what possibility there is of obtaining certain starting products.
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Bay, 1842
o : , I11-12
INTRODUCTION 2819

In view of tho requirements described in our preceding monthly report
(April, IIT 6-6), which must determine which hydrocarbons are suitable for the
lubricating oil investigation, we have, after study of the literature, set
up one preliminary plen of work - in accordance with the classification indicat-
ed on page I11I-8, In this, we have previously only considered aliphatic com-
pomds end compounds with rings containing six carbon atoms, eince the litera-
ture indicated that the data releting to the preparation of hydrocarbons
with rings containing five carbon atoms or with complicated ring systems
aro scarce and not elways reliable. . _

The preliminary progrem includes the following compounds: 7
I. Preparation of an unbrenched aliphatic hydrocarbon CggHpy (n-hexa-

triacontane).
Reastion gchemer
CypigeCo0H S5bexlfys CyqHgpC00C.H; ~Hudoogmato .y
Stearie seid Fthyl, stearate 5
CyglgRH + HBP emaviad CyggrBr
1:0ctadqcanol L-Bromooetedocene
OrglgyBr + e + Brlyghyy ~mnm~-30)gfgr-Cigllyy + ebr
n-Hexatriacontane

II. Preparstion 6f & branched aliphatic hydrocarbon with ons long side
chaein: 8-n-heptylnonacosane, 0213456“(07515)2"

 Reagtion_scheme; ' S |
I117--18
Gyl 43 COOR BX4reEmatey CoyH 4eC00R m% CxHyg00008g 2820
Emygle acld Behenic gold Behenie acld egter

+ 20gH HgBr —e—me—— CgqHaxClOH) (C A, ), Selvdzate

n-Hoptylnacneciumbronide  g-Heptyl-S-nonocosenol

Alkene DYdregenate CoH450H{Cly ) 0
8-Heptylnonacogane
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III. Preperation of a highly brenched aliphatic hydrocarbon.
Resction schemo:

- I

C=0 ¢t Cpigtg T —> -+ HBr ---)c\ Ny,

| ’ ' cgs ‘ Cg

CHg Cofly | CoH
Hathrlothylkotons Sdiethyl-S-pentangl 3:Bromo-S-methylpenteno

CoHg Collg

§ |0 o508 | ',cﬁs R
3 CH Cﬁz - G + HBr --)
czﬂs ‘ Czﬂs : Cip
Ethyleno oxido ClgBxr
c c
4253 (';Hcﬁg
ca“s Colls
. Etm:l sugmatg Qﬂz
Cﬂv‘iﬂgBr CHglgBr
fﬂs o <'m GA
Collg~ G—CHp— CHp— 0 — CHp~ cnz—? ~ CHgCRg—C~CgHlg
olig fﬁz fﬂz Collg
i Ciy CH,
. 0235-—%7-685 Czﬂs—f- Cig
- Callg Colg 1114

2821

" Dehydrate this diol and hydrogenate the diolefin obteined
thereby to the saturated hydrocarbon.

We have selected this hydrocarbon as being representative of
an extremely branched type; however, at present we do not intend -
to synthesize such a molecule, which probably has few properties
favorable for lubrication.

b
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IV. Preparation of a mixed eliphatic-aromatic hydrocarbon with two
benzene nuclei in the molecule.

.. Renction schemet .
 Gastor oll w_déél‘ﬂacealsq{: Zydrogemate, o, u) gon
, Enanthaldehyds ‘1.Heptapnol
ey C7315Br |
1-Bromohe | .
o : o o - 0
Oty B ¢ Br Q.—m) c.,ul@{, 00 + HC: —> 07315(_“)({8

;) ' H H H
¥ Hzccf’: — Cvﬂlso c-ac-of: > Hzc—ﬁg-owaﬂs

Sesteldenyde S-(p-Heptylohenyl)acrolefy Ethyl Acetate

i Gl Lg.g..g c’-ooc hydrogenate
s ) =0—C=00zi5

1..{p-Heptylphenyl)-4-carboethoxy-1.3 buta
c CH ,CHoCHoCH,CH,08 25y ¢ ™ CH ,CH.o CHL.,CH o CH
li1s(_)Ci;0HpCHzCH 0808 == Crfiys( ) Gl CliaCA Ol B
B iphenyl)-l-pentanol - S=(p-Heptylohenyl)-1 bromppentame

zc,,a15< >§azcuzcnzcnzcazar 4 Ma ==y WeBr ¢ 9751_50(%)10{}07315
;. ' 10-Di{p-heptyl 1)decane

V. Preparation of a mixed aliphstic-aromatic hydroearbon with gne
benzene rmeleus in the moleculer p-Octadecyldodecylbenzene.

Rgéctidn scheme:
By _ Br 4 Br| /" \ N
Crgligr0R ==X Cyghigy| "y ¥ 5| )~ Cyflsr
1-Octadecenol 1-Bromooctadecans Octedecylbenzene

o oy O oy —— afm(Ohdes

mIodoogtadglbngg‘ 1-Brompdndegge ctadecyldodeqyl '
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VI. Preparation of a mixed aliphatic-hydroaromatic hydrocarbon with
two cyclohexane nuclel in the molecule. 1, 10-Di(p-heptyl-
cyclohexyl)decane.

This compound cen be prepasrsd from the finel compound
in number IV by hydrogenation of the benzens nuclel.

- , : II1-15
VII. Preparation of & mixed sliphatic-hydroaromatic hydrocarbon 2822
with one cyclohexsne nuclens in the molecule. p-Octadecyl~

dodecylcyclohexane.

This compound czn be prepared from the finel compound in
number V by hydrogenation.

SUMMARY OF THE INVESTIGATION

1, Preparation of Stearic Acid.

. For the preparation of Cyg eleoliol, which is not avaiable as starting
material for synthesis of the various hydrocarbons mentloned in the program
cited above, we have commenced with the preparation of pure stearic acld,

end have procesded with this preparation from a teclmical mixture of pelmitic
acid end stearic acid, vhich was rich in oleic acid. This mixture was sub-
jected with good success to & hydrogenation for conversion of the oleic mcid
into stearic acid.

The fractionation of the palmitic-stearic acid mixture is now in
progress.

2. Preparation of Fnanthaldehyde.

As the starting product for the preparation of mized aliphatie-
aromatic hydrocarbons, in which two benzeno nuclel ere present in the
molecule (see above under IV), we have found enanthaldehyde essentisl, This
material results from the vecuum distillation of castor oil, which contains
as 1ts principal constituent the glyceride of ricinoleic rcid; in this way,
a mixture of enanthaldehyde (heptanal) end 10-hendecenoic ecid is obtained
ag follows:

0
I/
* CHg( CHp) gCROH — CHp = CH==CH(CHy) 7000 —~—a CHg(CHg) 50‘,3 4 CHoger CH(CHy) 5OOOH.

The distillation, which proceeds with violent foaming of the
contents of the distillation flask, should be terminated after some time,
gince & rather sudden polymerization sets in. The contents of the distilla-
tion flask are thereby chenged into a solid, spongy, sticky mass, which can
be removed from it only with difficulty. Although the polymerization
comnences rather suddenly, we determined after several distillations that,
immediately before its appearance, the foem becomes viscous. It is recommended
that the distillation be stopped at this instant, when the conteants, which
have not yet cooled, can still be removed from the flask fairly easily.
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The distillate obtained was then vacuum distilled in order to
separate tho enentheldehyde from the 10-hendecenoic acld; aftor that the
enanthaldehyde which distilled over was redistilled. .The product obtained
hed a boiling point of 51 C at 15 mn Hg and a np” = 1.4120. '
' : I11.16

The smount of distillate (enenthaldehyde end 10-handecenoic 2823
acid) obtained in the vacuum distiliation of castor 0il emounts to about
~ forty per cent of the sterting materisl as a result of the polymerization
which ocours. . The ‘yield of enenthaldeyhde accordingly is also low {in a
nunber of experiments, only 828 g of ensnthaldehyde, equel to 16 per cent,
was obtained from 5 kg of castor oil). In the distillations, we have always
raiged the temperature as high as possible, because it is known from the
literature that the yield is better the higher the temperaturs which is
chosen.

Enanthaldehyde was converted into l-heptamol as has already been
described (see page I B 20 of this report). We will convert this further
to l-bromoheptane, .

October - November, 1942 ‘ 0 IT1-40 -
| 2862
PREPARATION OF STEARIC ACID

As was already mentioned in the May report (pags III-15), we have
hydrogenated a technical mixture of palmitic acid and stesrie scid which
was rich in oleic acid for conversion of the oleic acid into stearie acid.
This hydrogenation was carried out at a pressure of 186 atmospheres with
nickel-on-kieselguhr as the catelyst, while, in order to prevent the conversion
" of the nickel in the catalyst into a nickel sosp to as greet an extent as
possible, the hydrogenation temperature wes kept as low as possible (100 C).
We sought to prevent the conversion into nickel soap, becsuse we were afraid
that its presence in the fractionation of the palmitic acid-stearic acid
mixture could produce cracking. In order to obtain & mixture as free of
nickel as possible, we- first converted the hydrogenated mixture into.the
corresponding sodium salts and separated the nickel hydromide formed by
filtration, . '

After the liberation of the fatty acids, decomposition occurred during -
their fractionation, which increased as the fractionation progressed. A
number of fractions were obtained which were much less pure than the palmitic
acid-stearic acid fractions, which we had obtained in the fractionation of
the unhydrogenated mixture. Therefore, we decided to fractionate without the
preceding hydrogenation in the future. In addition, it appeared to us to be
desirable to first convert the fatty acids into their methyl esters, since
the fractionation of these esters, which have lower melting points than the acids
themselves, can be carried out more easily. :

By esterification of the starting product, which is rich in olede
acid, with methyl alcohol, a mixture was obtained which consisted of a solid
and a liquid part. Since we supposed that the oleic acid ester was concentrated
principally in the liquid part, we have drawn off this part and fractionated
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the solid pert. As is evident from the following teble, these solid
constitnents consist of palmitic ecid ester to a grest extent, and the
quantl{y of stearic acid ester is much less; in addition, there is a
considprable intermediate fraction conceming the composition of which
we are\not certain.

Starting saterial, 2830 g = 5150 m1 -

First light oll $ 100 ml Freezing point ¢ low

Palmitic acld ester fraction ¢ 1600 md w " 3 28.29C

Intermediate fraction : 500 ml n " s low

Stearic acid ester fraction g 800.m1 n " 3 355.38.7 C

Higher boiling oil ¢ 100'ml A " g low

Kettle residue : 150 m)
I17-41
2368

After saponification, the acid wes extracted from the palmitic acid
ester fraction with sufficient purity that it needed to be recrystallized
from methylethylketone only once (melting point, 62.2-62.5 C; the 1literatursk) -
mentions a melting point of 62.6 C). From the stearic acid estsr fraction,
the pure acid was elso extracted with commensuratsly less trouble, sinece
after saponification of the ester, the potassium salt was recrystallized
twice from §0 per cent alesholit) and afterward the frees acid was recrystalliz-
ed twice from methylethylketone (melting point, 69.2-69.4 C; the literature®)
mentions a melting point of 69.3 C). :

CONCLUSIONS

By fractionstion of a mixture of pelmitic aci@ and stearic acid, ob~
tained by hydrogenation of a mixture of palmitic acid and stearic acid which
is rich in oleic acid, using nickel as the catalyst, very impure products
were obtained -- probably ceused by catalytic decomposition resuliing from the
presence uf traces of nickel which hed not been completely removed.

Palmitic 2cid end stearic acid could be prepared in the pure state by
fractionation of & mixturs of the methyl esters of a mixture of palmitic
acid end stearic acid which is rich in oleic acid, with subsequent saponifica-
tion of the esler fractions and reerystallization of the acids which were
liberated. .

PLANNED ADDITIONAL RESEARCH

We will convert = part of the pure stearic acid which we have
prepared into ths corresponding alcohol; from amother part of it we will
prepare stearates.,

*5 De Visger, Rec. trav. chim., 17, 186, 347 (1898),
#%) Separation of pelmitic acid from stearic acid according to
Scheringa, Chem. Weekblad., 28, 605 (1932).
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December, 1942

PREPARATION OF J.E',_].O—DISDQHEPTILPHENYL!DECANE
INTEODJCTION
In the preliminary plan under Number IV in the May report, -
1,20--0i(p-heptylphanyl) decans was discussed. As the first step for its
preparation, as was alroady mentioned in the report specified, the
preparation of enantheldehyde was encountered.

The first part of the reaction scheme for the preparation of
.hydrocgrbon No, IV reads as follows:

Caﬂlscfﬁ e Gy 0B -y Cpfly BT
Ehanthaldehyde 1-Heptanol 1--Bromoheptane

Colty 5Por /— \. e Gy <D

2[\!&

Bromobenzene: 1-Heptylbenzene

" Since the literature indicated that the last step, namely the re-
action of l-bromohgptane with bromobenzene, would give & poor yield, we decided

~ to proceed as follows-
sl 1 Colghepe s Ol

Enenthaldeyhde Pheayl- n-Hexylphenylearbinol
magnesivmbromide

EHS04

g Cdyy oy Gyl = Gi-Ofiy

i-Phenyl-i-heptens
CegOH == CH—C ), ~AE=E0R8 CaflsOnfly

n-Heptylbenzene

SUMMARY OF THE INVESTIGATION

We have prepared n-hexylphenylearbinol as the first step in the
synthesis of n-heptylbenzene. In the preperation of this material, vhich

is not deseribed in the literature, we proceeded from the basic thought

that aldehydes can be reacted with Grignerd compounds, with the formation

IIY.44
2856

III-4F
2867
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~ of gecondary aleohols. For this purpose, we-have converted a solution

" of bromobeazene in absolute ether into phenylnagnesiumbromide according
to the Grignard procedure. After completion of the remction, & solution
of enenthaldehyde in ether was admized with continuous ice cooling; after-
ward, it was boiled for 15 minutes, cooled &gain in ice, and some finely
erushed ice wes sdded to the reaction mixture. Taen 1:1 hydrochloric acld
was added and after cooling end stirring, the water cnd ethor layers were
separated. The agueous layer was extracted three times with ether end the com-
bined ether extracts were washed with water end treuted with concentrated :
bisulfite solution for removal of the unconverted enenthaldehyds. After
drylng over sodium sulfate, the ether was distilled off -end the n-hexylphenyl-
cerbinol was vacuun distilled, The product obteined, with a yield of 86 per
cent, had a boiling point of 160 C at 19 mm Hg.

For splitting water out of the n-hexylphenylearbinol for the
preparation of 1-phenyl-l-heptene, viich materiel likewise has not been
deseribed in the literature, we have made use of the general rule that
pecondary alcohols can split out a molecule of water under the influence of
XHSO4 end thereby be converted into the corresponding unsaturated compound.
For this purpose, we have heated n-hexylphenylcarbinol with enhydrous KHEO,
at 180 C in vacuum for half en hour, so that the 1-phenyl-1-heptene formed
distilled over, After the greater part of the reaction product hed distilled
over, the reaction gradually proceeded more end more glowly. For this reason,
the experiment was interrupted for an instent and some more smhydrous KHSO 4
- ywas added. Then the reaction proceeded smoothly to the end of the experi-
ment, The distillate consisted of a system of two layers, namely, a layer
of l-pheynl-l-heptene end a leyer of water. The latber was withdrewn, and
after that, the hydrocarbon layer was shsken with sodium carbonate selution
in order to remove the SO, present. After drying over sodium sulfate, the
1.phenyl~l-heptene was vaguum distilled twice.

The yield is nearly quentitative. The compound smells like icnone.

The hydrogenation of the 1..phenyl-l-heptene 1o l.phenylheptene
was carried out according to the general principle that waaturated com-
pounds react with hydrogen at room temperature under the influence of
pletinun. In order to preveni the hydrogenation of ihe benzene nucleus, the
platinum catelyst was elloyed with a trace of iron, according to Veygsnd
end Werner*). However; the hydrogenation, which procseded smoothly at first,
slowed up toward the end of the experiment; the reaction could no longer
be started again in the usual manner by churning the catalyst with air.
Since the l-phenylheptane preparation, which was obteined with good yield,
atill contained a noticeable amomnt of 1.phenyl-l-heptene, we removed the
* ‘latter by sheking with 80 per cent of (1:1) sulfuric acid, The product
obtained; after being washed with weter and sodium cerbonats solution, dried
with calcium chloride, and fracti%ated, had e boiling point of 104 C
(10 mm Hg, not corrected) and a nh of 1.4865. z'ahe’ literature *#) reports
e boiling point of 116-118 ¢ (12 mm Hg) and a np of 1.4860 or 1.4865.

¥) Bor., 7L, 2269 (1938).

- %) Ber., 45, ?179 (1912); Ber., 72, 1893 (2939) .
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PREPARATION OF #1-PENTATRIACONTANE, Cseflyz I11-46
2858
INTRODUCTION

- Since it is probable that conslderable time will elaps> before

the .mbranched‘paraffin, cssu s 1s ready, we decided %o prepars the un-
brenched paraffin, Cgzplqe, _ne%, since the preparation of thls hydvroearhon.
probably requires less e, Then lubricating oil tests will he carried

out with this hydrocarbon while waiting for the hydrocarbona teing synthesized
in accordance with the preliminary program. v

e intend to undertalke the preparation in accordance with the
following schemes:

20, Hg QOO wmmy (Cp Hgp) L0+ €O & HeD
Stearic acid Stezrone

(017555)2(}0 ! 4H(nascent) sa—eme-3 Cggilys - 3,0

STMMARY OF THE TNVASTICATION

PREPARATION OF STRARONE

The conversion of stearic acid irbe giearone follows the procedure
deseribed by Grin %), Basterfisld #*), aad Backer end Strating %%), in
which 240 g of stearic acid, mixed with 24 g of ivon turaings, was heated
to 300 C in a metal bath, After completion of the reactlon, which is apparent
vhen the evolution of carbon djoxida ceasez, the reaction product was ex-
tracted in en extraction thimble wit1 petrvleun ether, After tk.e iron present
hed been removed in this way, the petroleun ether was distilled off, end the
product obteined was heated for some time on the steun beth with concentrated
sodiun hydroxide solution for conversion of the stesric acid present into
the corresponding sodium sel.t. The supernetant sbtearcis leyer, vhich hecame
golid after cooling, was subsequently nashed with waber, and 728 then heated
for some time with hydrochloric acid in order to decumpose the small amount
of iron compounds present, After separetion of ihg nydroskicric scid, the
product was recrystallized several times from metaylethylietons, to which a
1ittle decolorizing carbon had been added.

The melting point of the glightly impure stearone, which was very
readily obtained with a good yleld, was 87-88 C.

%) Z. engew. Chem., 33, 421 (1926).
'**) Jo Chen. SOC», ?_9) 2&? (1911)¢
#n#) Rec. trav. chim., 53, 9%4 (1940).
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_ Jenuery, 1943 _
PREPARATION OF 1«OCTJXDECA§_QL FROM STEARTIC ACID I11.-50
: 2864
INTRODUCTION

In the report for October - November, 1942, the separation of
pure palmitic acid and stearic acid from a technical mixture of palmitic
acid, steeric acid, and oleic acld was described.

The next step in the preparation of n-hexatriacontene consists
of the preparation of l-octadecamol from steasric acid:

CyplggC00R 3 Gy qfl550i,0H

The most vsual method for the conversion of an acid into an
aleohol with the same number of carbon atoms is the method of Bouveault
end Blenc. In this method, the acid in the form of an ester is hydro-
genated with nascent hydrogen:

RCOOCgHg - 4H (nascent) e=—-3 ROH,OH + Coll0H

Tho nascent hydrogen is obtained in this case by the reaction
of sodium with alcohol,

~ However, the method of Bouveanli and Blanc is very bothersome.
Last year it was noted in the literature ) that the conversion of an acid
into en alcohol with en equal number of carton atoms can also be cerried
out according to the method of Adkins, in which & ester of the correspond-
ing acid together with hydrogen is heated in an autoclave in the prosence
of copper chromite catalyst.

Next we tested the method of Adkins. Since this appeareé fo be
unsuccessful at first, the method of Bouveeult and Blane was subsequently
used. The latter method was cerried out readily and gave good yields.
However, when we repedted the expsriment afterwards, using the Adkins
catalyst, but with a very pure ester, this procedure was also successful
end produced a very good yield indeed.

Since our supply of stearic acid is 1imited and we have at our
disposal ean ample supply of palmitic acid, for which there is no use at
present, we have thoroughly tested the method of Bouveault and Blenc as
woll as the method of Adkins vith pelmitic acid.,

ARY OF THE INVESTIGATION

PREPARATION OF THE ETHYL ESTERS OF PALMITIC- AND STEARIC ACIDS ]2%16;51

The preparation of the ethyl ester of palmitic- or stearic
acid wes effected by dissolving pure palmitic- or stearic acid in ethyl

i) Adkins end Polkers, J. An. Chem. Soc., 58, 1095 (1971);
Folkers end Adkins, J. Am. Chem. Soc., 54, 1145 (1932) .
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alcohol and adding strong sulfuric acid. This mixture was refluxed

for five hours on the steam bath. During the heating, the eater formed

geparated from the originelly clear liquid as a yellow upper laysr.

g:-:ls l;yer, vhich was solid upon cooling, was ssparsted and washed with
cohol. . .

CONVERSION OF THE STHYL ESTERS OF PALMITIC- AND STRARIC .
ACIDS ACCORDING TO THE PROCEDURE OF BOUVEAULT AND BLANC

Aot it o

The original method of Bouveault end Blanc was carried out by
edding pleces of sodium to & solution of the ester to be recuced, dissolved
4in absolute alcohol. The ylelds obtained with this procedure ere often
low. This results from tho fact that, in addition to the hydrogenation,
saponification of the ester also occurs. This is gspecially true if the
glcohol is not entirely free of water. By the action of sodium upon ths
water present, sodium bydroxide is formed, which ceuses seponification
of the ester. Obviously, the sodium used should be properly freed of
incrustatimns of sodium hydroxide.

Besides the saponification which always occurs, the violence
of the reaction is also very troublesome.

The method of Bouveault and Blenc has been considerably improved
by Bleyberg and Ulrich 1) by the use of butyl alcohol instead of ethyl
glcohol., The sodium reacts with the butyl alcohol much less vigorously
so that the hydrogen liberated is better utilized. However, since butyl
eleohol was not aveilable, we used isoamyl slcohol.

, At first we carried out the hydrogenation with varying success,
veing the method of Besuvesult and Blanc in the modified form of Bleyberg
end Ulrich, One time we would obtain cetyl alcohol with feirly good yield;
the next time, almost nothing. Finally, we found out how we could obtain
good results, In order to do this, the reaction should be carried out at
& temperature below the melting point of sodium. During the experiment,
it is difficult to see if the sodium is molten because it ls coverad with
a layer of alcoholate., The molten sodium has & smell surfacs which, in addi-~
tion, becomes covered with alcoholate so that little reaction can occur
botween the sodium and the alcohol. On this basis, it is necessary to
place & thermometer in the flask. Therefore, care was teken that the
temperature did not go above 80 C during the reduction.

After the resction of the sodium with the emyl alcohol has stopped,
96 per cent alcohol is edded, according to the method of Bleyberg end
Ulrich, in order to dissolve the rest of the sodium, which is used in
great excess (about 300 per cent excess). However, we heve used absolute
alcohol in order to prevent the eventual sponification. of the still wn-  III-52
hydrogenated ester; and in order to hydrogenate the latter. 2866

1) Ber., 64, 2504 (1931).
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' In this wey & clear, somewhat yellow colored solution resulted,
which separated into two layers with the addition of water., The upper
lgyer, which was rich in cetyl alcohol, was dissolved in petroleun ether
after washing it with water end distilling off the amyl alcohol, Since
we supposed that the separated lower layer would still be rich in cetyl alcohol,
we likewise treated this layer with petroleum ether. The extract obtained
was combined with that which was obtained from the upper layer end was
washed with wem water. The petroleun ether-wes distilled off from this -
end the Tesidue was distilled over in the vacuum still. . e

Upon cooling the distillats, the cetyl alecohol was obtained a8
a solid, somewvhat yellow colored mass with a melting point of 47.8-48.5 C
(yield, 65 per cent). S

The l-octadecanol was prepared from the stearic acid ester in &
corresponding menner. From 120 g of the ethyl ester of stearic acid, 80 g
of l-octadecanol was obtained. Yield, 77 per cent. Mso, this product was
not so yellow in color.

CONVERSION OF THE ETHYL ESTERS OF PALMTITIC-- AND STEARIC ACIDS BY THE METHOD
OF ADKINS ‘

The ester of palmitic acid, from which we started, was prepared
in the seame menner as was specified above. After the prepsration, this ester,
which has a lower melting point, separated as a liquid upper layer, which
finally forme€ a hard ceke which was difficult to wash, The first experi-
ment vhich we carried out with the Adkins eatalyst was a failure, Since
we thought that the "ester cake" probably contained entrained sulfuric ecid,
which caused this less favorable result, we first recrystallized the ester
of palmitic acid from alcohol. One-hundred grams of this preparation was
mixed with 10 g of an Adkins 1) copper chromite ocatalyst which hed been stebiliz-
ed with barium end heated with hydrogen to 250 C in an autocalve. At room
temperature the hydrogen pressure amounted to 100 atm. After an hour, the
temperature had increased to 250 C and the pressure was 170 atm. If no
hydrogen was used, the pressure at 250 C would bs much higher. Therefore,
1t wes epperent from this that the reaction proceeded smoothly. Afterward,
hydrogen was introduczd at 250 C until a pressure of 260 atm. was reached,
This pressure did not diminish while .the temperature was kept constant.
Accordingly, the reaction vas.already completed during the heating period

of one hour.

The reaction produci was worked up by boiling it with elcohol and
then filtering it in order to remove the catalyst. As much solid sodium
hydroxide was added to the filtrate as would be requlired to convert all of
the ester of palmitic acid, in case this remained completely unconverted,
jnto sodium palmitate. It was heated for en additional half hour on the II11-5%
gtesm bath. At the end of this time, &n equal volume of water was addsd and 2867

1) “Adkins, H. end Connory R., J. Am. Chem, Soc., 53, 1091 (1931).
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the entire mixture was shaken with petroleum ether. After this, the
petroleun ether was shaken with wam water for the removal of dissolved
goap. After cistilling off the petrolsum ether, the cetyl alcohol was
distilled over in & vacuum £till, The product which distilled over
golidified into a colorless mass. Melting point, 48.5-48.2 C. Accordingly,
it 18 purer than the product obtained with the procedure of Bouveault

and Blanc. The yield amounted to 77 g (90 per cent).

The results of the conversion of the ester 61‘ stearic acid are
not yet knowmn and will be diccloged in the nexi report. ‘

CONCLUSIONS

e heve converted pelmitic acid and stearic acid into cetyl alcohol
and 1-octadecenol, respectively, by means of their ethyl esters. We have
carried out the preparation of thess substences by two different procedures,
namely :

1, sccording to the method oi Bouveault :nd Blanc, which wg heve
changed somewhat according to the exanple of Bleyberg and Ulrich, and

2, according to the method of Adkine.

The latter method gives somewhat the Dbstber results, ard, in addi- ‘
tion, it can be carried out much more simply then is the cass vith the procedure
of Bouvesult and Blenc.

PJAUNED ADDITTONAL RISEARCH

We will convert 1. sctadecancl intc hexatriacontane (CSGH'M) via
the bromids, . -
Pebruary, 1243 I71- 5}
2877
[RE?ARATION OF SIEARLC ACID

a, Torking Up the Splid Part of the Bster Obtained from the Mixture of
Palmitic and Stearic hoids Which 1s Riek in Oleic Acid,

In the report for October - Noverber, 1942, tae secaration of pure
pelmitic acid and pure siearie acic¢ from a mimture of the methyl esters of
palmitic acid, steeric acid, and oleic ecid wes degeribed, It wes reported
that the mixture of methyl ecters, wnlch wag cbtained by esterification of
a tecmical mixture of palmitic acid and stearic acid, which is 7ich in oleie
acid vith methyl alcohol, cam Do separeted into a golid and & liquid pards
and that & semple of the polid pari was vacuum distilled. TFrom the fractions
of the esters of palmitic acid and steeric acid obtained in this way, we
were able to prepare pure palmitic acid end pure stearic acid. _

Since the distilletion of the entir: supply of folid ester has now
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been completed, & short summary of the results will be éiven‘in this
report. ‘ :

The distillation was carried out in a Vigreux column which wes
5 meters long. Pressure, 10 mm Hg. At the beginning, on the plateau,
it wes distilled at a rate of 100 ml per hour and near the cut point,
at 35 nl per hour. The large intermediate fraction between the palmitic
acid ester fraction end the stearic acid ester fraction was alresdy
mentioned in the report for October - Novenber, 1942, That 1s, 1600 ml
of palmitic acid ester Praction, 500 ml of intermediate fraction, end
800 ml of stearic acid ester fraction were obtained. The question as to
the composition of this large intermediate fraction now had to be consider--
ed, It was assumed that it consisted of unesterified palnitic acid, as
well as oleic acid end olelec acid ester. Therefors, the acid number end
jodine number of this fraction were determined. The acid number of
palmitic acid is 219, Thus the product contains approximetely 5 per
cent of unesterified acid, The lodine number was 7.0, The iodine
number of oleic ccid is 90.1. Therefore, there is neithar much olelc acid
nor olei¢ acid ester present. Accordingly, the large intermediate fraction
was probably ceused by too repid s distilletion, Therefore, tho inter-
mediate frection was redistilled; however, 3.t wes now distilled much
more slowly, remely, €0 ml per hour or the pleteau; from which it developed
that 53 per cent of the interediate fraction consisted of the palmitle
acid ester snd 28 per cent of the stearic acid ester, while a new inter-
mediate frection of 12 per cent {celculated on the basis of the totel

yield) resulted.

- The slow distillation of ths Intemodiate fraction has thus
shovn that tre preceding distillation was cerried out much too rapidly.
On this basic, in the following distillation, it was distilled at €0 ml

per hour on the plateau end et 20 ml per hour near the cut point.
17I-62

On the stearic &cid ester plateau, the distillation could be : 2878
carried on much more rapidly. Ia distilling the remainder, always. take
off a small preliminary fraction before telting off the palmitic acid
ester, a small finel fraction after distilling off the steorie acid ester,
The residue was very slight. The boiling point of the methyl ester of
palmitic acid is 171 C at 10 mm Hg, The boiling point of the methyl
ester of stearic acid is 192 C at 10 mm Bg.

b. Yorking Uip the Liquid Part of the Ester Obtained from_ the Mixture
of Palmizlc Acid snd Stezric Acid Vhich Is Rich in Oleic Acid.

Tu the report for Cctober -- Noveber, 1942 it was assuned thab
the liquid part of tae ester, obtalned by the esterification of t,!_me mix-
ture of pelmitic acid and stesric acid vhich is rich in oleic acid, con-
slats to a considerable extent of oleic arid ester. With subsequent in-
vestigation it turned out that this product had an appreciable lodine

punber, namely 18,1 (the iodine number for oleic acid is 80.1).
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The liquid mass of ester was now hydrogenated by heating 9107 g
of the ester together with hydrogen in a rotating autoclave to 100-110 G,
using 5 per cent nickel on kieselguhr as the catalyst. This temperature
was reached within half en hour, in which time it wes found that practicelly
all the hydrogen required was taken up. The maximun working pressure
amounted to 245 atmospheres. : ' _

After cooling, the molien reaction product was filtered on a
steem heated Bfichner funnel for separation of the catelyst. The filtrate
was a nearly colorless liquid, which upon cooling changed into a slightly
green colored solid material. Perhaps the green color resulted from a
small amount of nickel soap which formed.

As was mentioned in our report for October - November, 1942,
we then distilled the mixture of fabty acids obtained by hydrogemation
of a mixture of palmitic acid and stearic acid which was rich in olele
acid. From this it became evident that decomposition of the hydrogsnation
" product set in during the distilletion, and that this was not the case
with an unhydrogenated acld mixture. At that time we attributed this to
the presence of traces of nickel in the hydrogenated aclds,

As we now observed that the product obtained by hydrogenation
of the liquid methyl ester was slightly green colorad, we did not risk
fractionating this product; we first distilled it rapidly under vacuum
in order to {ree the hydrogenation product of the traces of nickel in this
way. As a result, we obtained a colorless distillate which, upon cool-
ing, solidified to a solid mass, which was no longer green colored. This
digtillate was now redistilled. . :

Results of the Redigtillation of the Hydro-
) genated Ester

Charge. : 77406 g

First light oil g 360 ml

Palmitic acid ester

fraction . 4470 ml  Freezing point, 26.5--28,0 C.
Intermediate fraction : 300ml 111-63
Stearic acid ester frac- 2879
tion : : 3250 ml Freezing point, 35-38 C

Kettle residue H 50 ml

We cerried out the redistilletion again in a colwm which was
3 meters longs ‘pressure, 10 mm Hg, During the redistillation no decon-
position occurred. Teke-off rate; 60 ml per hour on the platesu and 20 ml
per hour in the vicinity of the cut polnt. .

From the results of the redistilletion, the following may be
concludeds

The methyl esters which had been hydrogenated ars richer in
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~ stearic acld and poorer in palmitic acid than the so-called solid methyl
esters, ' -

The intermediate fraction is much smaller then with the so-
called solid methyl esters.

The freezing point of the palmitic acid ester fraction is lower.
then thet of the palmitic acid ester obteined from the so-called solld
methyl esters. .

The freezing point of the stearic acid sster fraction is higher
then that of the stearic acid ester obtained from the so-called solid
methyl esters. - ‘

, However, it cen be concluded from the entirs resulis of the
redistillation of the methyl esters of a mixture of palmitic acid and
stearic acid, which wes rich in oleic acid, that it is not necessary to
divide the methyl esters into a solid and a liquid part; it is much
- gimpler if one hydrogenates the entire mixturs of esters; after that,
vacuum distilis end finelly redistills.

PREPARATION OF 1.OCTADECANOL FROW THE ETAYL ESTER ACCORDING 0 THE
METHOD OF ADKINS '

Tn the report for December, 1942, the preparation of cetyl
aleohol from the ethyl ester of palmitic acid was described, among other
things. This method was now &lso epplied in the same menner with the
othyl ester of stearic acid, with vhich we have carried out two experl-
ments, One was carried out with 10 per cent of the Adkins cetalyst, ex-
actly the same &s we used with the ester of palmitic acid. In another
experiment, we used 5 per ceni of the Adkins catelyst.

In the first cese, in which we sterted with 100 g of stearic
acid ester, 68 g of l-octadecamol; and in the second case, 70 g (theoretical,
86.5 g), wers produced. Since it turned out that the conversion of the
esters of palmitic- and stearic acids into the Cyg and Uyg eleohiols were
nearly quentitative, a much simpler method wes observed in working up
the Gy alcohol than in the preperation of cetyl eleohol, Namely, the
reaction product was boiled with nethylethylketone end subsequently
filtered, The catalyst remeined behind on the filter, soile the Cyg
alcohol crystallized out of the filtrate in magnificent, lustrous, white,
gmall, leaf-like crystels. Still more of the 1-.octadecanol zould be
obtained from the mother liguor of this alcohol by distilling off a
portion of the methylethylketone.

March, 1943
CONVERSION OF STEARONE INTO R-PENTATRIACONTANE 11175
: 2894
INTRODUCTION

In the report for December, 1842 (page III-46), the preparation
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of stearone was described. The next step was the conversion of this
ketone into n-pentatriacontane, '

(CyyH3sC0C) gy -3 CyoHgsOHC) Hxg),

for which we chose the method of Clemmensen (reduction with nascent
hydrogen, obtained from emelgamated Zn : HCl). However, this method
gave a very vansatisfactory result, so we looked around for snother

. procedure, The following procedure appeared to us to be more successful:

040 - . /0
. CafiggliCypligy <D "17“550\301-,355 S
Stearone (18-Pantatria- Stearol (18-Pentatria.
gontenong ~ contanol)

- Oyl CH=CHC gllzg ~~-d C)pflz50Ha0yHlgg
17-Pentetriacontens Pentatriascontiene
Howiever, since our supply of stearic acid wes limited, we first
chose to use this reaction once with palmitic acid according to the schemes
palmitic acid ---) palmitone (16-hentriacontanone) wees
palmitol (16-hentrlacontenol) ----3 15-hentriacontene we—-3

. hentriacontane.

SOMMARY OF THZ INVESTIGATION

The result of the Clemmensen reduction was very unsatisfactory,
i.e., the yicld of hydrocarbon wes very small.

: The experiment was carried out in the following mamer:

emalgamated zinc and hydrochloric acid were added to the ketone to be

reduced, Th2 entire charge was heated whils being vigorously etirred.

The kotone melted and floated ss an upper layer unon the hydrcchlorie

acid. Tne stirring was supposed to bring aboub contact batween the ketone

and the nascat hydrogen on the zine. Since it was not performed in a
homogeneous medium, only a small amount of the hydrogen gmerated was

utilized for the desired object. One would now be inclined to add eny

solvent, e.g., 2leohol cr acetic acid, by means of which the golubility

of the upper layer in the lower layer would be increased, and by means :
of which a more rapid conversion of the ketone into the alcohol could 17176
be effected. However, we do not find eny optimistic reiorts about this 2895
in the literature; namely, 1t is mentioned thersin that with the addi-
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tion of the solvent in question, a strong resinificetion apoears during
the reduction., Because of this, ws discontinued this experiment 8130,

o The conversion of stearons into n-pentatriacontene was cerried
out with the help of emelgamated zinc and hydrochloric acid by Backer
end Strating #). However, these investigetors obtained no yleld.

However, it is known that the method of Clemvensen gives a »
better result for aromatic ketones than for aliphatic keten=s. 4As 2 pre-
liminary test for the reduction of stearone to the hydrocarbon via the
secondary slcohol (stearol), we prepared & quantity of palmitone from
palmitic acid, and determined that the reduction to palmitol with hydrogen
at 120 atm. proceeds very well at 100 C in the presence of nickel on kiesel-

guhr,
CONCLUSIONS

The Clemmensen procedure for the reduction of stearone to
CzzHys is not suitable for our purpose. Thersfore, we looked around for
another metnod and chose the indirsct reduction {conversion of the ketone
into the secondary slechol, dehydration, end hydrogenation).

Of these reection steps, the reduction to the secondary alcohol
proceeds smoothly, es cen be demonstrated in the case of. the conversion,

palmitone —ee=y pelmitol.
PLANKED ADDITIONAL RESEARCH

Starting out with the palmitol obtalned, we ill wry to deter
nine if the reactions chosen for the production of the hydrocarbong ersz
really practical, and then use these reactions with stesrone,

April, 1943 11T 89
2013

INTRODOCTION,

“Since we now havez a quantity of 1..octadecanol at our disposel
{refer to the February report, page TI1~-63), we have subssquently under-~
teken the preparation of n-hexatriacontane. e intended to carry out the
conversion of l-octadecanol aceording to the nethod of Ruhoff, Burnsti,

and Reid ™3
201gHzeBr : Ma === Cggfly, * Aabr

# Teo. trav. chim., §3, 935 (1940).
#23) J. Am. Chem, Soc.; 56, 2784 (1934).
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Since some difficulties arose in the preliminary experiments,
we first used the procedure with another less expensive salconol, namely
commercial coty) alcohol (1-hexadecanol) .

| SUMMARY OF THE JNVESTIGATION

In the method of Ruhoff, which was cited above, gaseous HB3
is passed into the alcohol, which is heated to 100-120 C. After thai
the bromide formed wes purified by treatment with strong sulfurie acid.
Tn order to reduce the appearance of emulsions - caused by the pressnce of
sulfuric acid esters - in the neutralization, a solution of ammonia in
diluted methyl alcohol was added instead of an alkali solution. Mowrsocver,
the use of methyl aleohol has the advantage that & tetter separation of
the layers is obtained, because the difference in density between the
bromide and the methyl slcohol-is greater thaa thet betrem the bromide

and water.

However, our experieice with the procedure of Ruhoff, which was
cited above, is less favorable. Nemely, in the preparation of the bromide,
water is forned, which is separated vith difiiculty. Owing to this, the
already dark colored produet becomes gtill darker bocause of the develvp-
ment of heat on addition of the sulfurie acid reguired for the necessary
refining. A separation of the sulfurie 4acid leyer end ths tromide laysr
ig very difficlut beczuse of this. :

Ve obteined better resulis with this when we carried out the I11--90
reaction of the alcohol with HBr et 180 C. A% this higher temperature,  204d
the water formed evaporated. After complehicn of the reaction, we first
vacuum distilled the dexk colored product, and after thai, treated the
colorless distillate with sulfuric acid. After drawing off the sulfuric
acid, it was neutralized with ammonia dissolved in methyl alcohol, Eow-
pver, with this;, a pronounced enulsification resulted, so that the beonide
layer could be separated from the methyl alcohol layer only after atand-
ing for geveral days. ) ‘

In consideration of the experience geined in the ecetyl bromida
preparation, the conversion of L.octadecanol was Lilkewise carried out at I50 O,
Afterward, the produvct obtained wes vacuum distilled withoub further purifica-
tion, We omitted the sulfuric acid refining at this point becavse the
bromide yield amounted to 90 per cent, €0 thet less pneonverted product
was present. In eddition, since the bromide is solic at room temperature,
this treatment must be carried ouvt ab higher temperalure, end, for this reazon,
the product would be acted on by the sulfuric acid.

The procedurs employed in the erperiment wes ag follovss
88 g of l-octadecanol wes heated to 150 ¢ in a flask ené thea EDr wes
jntroduced. After 70 minutes, ths inerease in weigas amounted to 16 i/2 g
after 90 minutes, 17'1/2 g; end alter 110 minubes, 17 g. Aceordingly, the
weight diminished, which may he teaced back to a pariial evaporation of the
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l-bremooctadecene. Therefore, after 110 minutes, the introduetion of

HBr was stopped, and the reaction product was distilled in a vacuuva still,
The 1-bromooetene distilled over between 188 end 19% C &% 4 mm He. 1t

is & colorless liquid, which soon becomes solid. A 1ittle very dark
colored residue remained in the distillation flask. The yield amomted
to 96 g (90 per cent). \ o

1.Bromooctadecane can be prepsrcd with a very good yield by
saturating l-octadecanol with HBr at 130 C ard then distiliing.

B, CONVERSION QF STEARONE INTO - PENTATRIACONTAUE

As was mentionsc in the pracedirg report (page T11--78), w2 wished
to oxemine the possibility of converting stearone (18 pentatriasen tanone)
via stearol (18.pentatriacontenol) into n-pentatriacontone, Pirst with the
help of pelmitone (ls»-hentriacontanone) . An attempt was now made to con-
vert the palmitol (16-hentriacontancl), which we had srasered from palmifone
(16~-hentriacontanone),, into n-hentriacontsne, with which we followed the
procedure in which sscondery aleohols in general ave dehydrated by 1seting
with KHS0, at 170-180 C. )

SUMILARY OF T INVEST: G/TION I31.81 -
‘ 2015

A flask,-to wilch a mixture of 110 g of palmitol’ (16-ientria-
contenol) end 20 g of iSO, had been added, was heated on ¢n oil bath
at 170-180 C for 3 hours. Bedause absclutely none of the vater formed
could be seen, we added 10 g more KHSO, end heated for another 1 1/2 hours.
After cooling, it became evideat that the pelmitol (16-hentriacontenol)
somevhat ccntaminated with KiiSQy, which does not count - remained vnshanged.
A repetition of the experiment, which, however, was now carrizd out Iy
heating at 280 C under vecuun, gave & pavtial cecomposition ¢ tie paiii bol
(15-hentrincontencl), vhereas the rest rene ned unconverted,

War, 1948 : T1I-97
2928

PRE2ATATION OF HEACRIACNTANE
{Continuation from pege II1-90)

B e = R e

Several years ago, a method for the conversion of alky halides
jnto hydrocarbons with double the nunber of carbon atons wa3 uolished
by Oldham and Ubbelohde %), 4in vhich the zikyl belidss in ether colution

1yF. Chem. Soc.. 201 (1978).
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were first treated with magnesium and after that with joding, 4 part of
the halides is thereby converted into the corresponding hydrocarhbon by

the Wurtz wesction; another part is converted into a Grignard compound,
which with the edditioh of iodine, forms the iodide, which egain with
magnesiun brings ebout the Wurts reaction. By this procedure, suitahle
ylelds (65 per cent) were obtained, However, since we did not have &
sufficient quantity of iodine at our disposal, we used the older method,
in which the alkyl halides are converted into hydrocarbons with double the
number of carbon atoms vith the use of sodium.

SUMVARY OF THE INVESTIGATION

e miil e S

To a flask was added 174 g of l-bromooctadecane and 18,5 g of
sodiun (theory, 15.2 g). On heating in the oil bath, the reaction begen
at a temperature of 100 C, which was indicated the rise of the internal
temperature to 170 C (outside temperature, 110 ¢). After soms time, the .
internal temperature fell; after that, it wes heated for snother 8 hours
at 150 C. Then the excess sodium was made harnless by refluxing for
geveral hours with 60 ml of alcohol, The sodium reacted extrenely slowly
with the elcohol under these conditions. Finally, 150 ml of water was
added to dissolve the NaBr which had formed.

The upper layer, which nad become solid on cooling, wes with-
drawn end afterward melted with alcohol. After the hydrocerhon had again
become solid, 1t was withdrawm again snd receystellized from methylethyl-
ketone to a yellow mess with a metling point range of 70-73 Gy with @
yield of 57 per cent. ‘

Sinmce the pure hydrocarbon has a melting point of 75.8 C (refer
to Report 6568 by Dr. Hazes), we repurified this product by heating it
for an hour at 130 C with a six-fold amount by weight of strong sulfurie
acid, end afterward recrystallizing it from henzene. The proguct obtained,
ghich conslsted of rather dark colored emall leaf-like crystals, could be
decolorized with Terrema“in benzene solution. The yield of this pure

hydrocarbon, which had a melting point of 75.6-75.9 ¢, amounted to 35 %I};gs
v 2

per cent,

CONCLUSIONS

T

n-Hexatriacontane can be cbtained with a 25 psr cen® y.eld by
conversion of l-bromosctadecene vith sodium. ' g

11T-183
June, 1943 0951

PREPARATION OF A BRANCHED ALIPHATIC HIDRQQARBOH WITH A LONG SIDE _CHAIN

INTRODUCTION

In the monthly report for May, 1942 {page 117-12), it was re-

* prenslator’s note: FProbably some special adsorbent clay-
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ported that it wes the intention to prepars 8-n-heptylnonacosane &s an
example of a branched aliphatic hydrocarbon with a long side chain.
According to the reaction scheme described therein, we plenned to start
out with srucle ascid. Since this acid is not available unier present
circunstances, we used stearic acid as the only other avallable raw ‘
material with a large number of carbon atoms. With this starting material,
we could prepare 8-n-hsptylpentacosane according to the following scheme: .

é_—o p o . 7 ﬂﬂ dehydrate
B . 15

hydro .
.—-—-------o)~y ganate Alkane.

Since our supply of stearic acid is limited, we heve - because

. this reaction was not found in the literature - next carried out a short
experiment with the ester of pelmitic acld. Since it turned out in this
case that the ester remained largely unchanged in the reaction mixture, we
decided to try the resction first with phenylmagnesiumchloride, since our
supply of l-bromoheptene is rather limited. In addition, the reaction -
product of the paelmitic acid ester with phenylmagnesiumbromide is & solid
. material, so that it may easily be isolated in pure fomm.

The resction of the pslmitic acid ester with ohenylmagnesiumbronide
has been described repeatedly in the literature:

Ryan snd Dillop 1) prepared the 1,1-diphenyl-1l-hexadecanol,
Jienhsus snd Treibe 2) likewise carried out the reaction; however, they

mentioned few detaile. I11-124
Skraup end Schwamberger S)mention that the palmitic acid ester reacts 2962

'very slowly, so that the reasction must be continued for a long time.
Florz and Devid 4) likewise ellow the ester to react for a long time
with phenylmagnesiumbromide.

Schmidt end Hartmenn 5) used an excess of phenylmagnssiumbromide.
Wbaut, Overhoff, snd Jonker 8) propared 1,1-diphenyl 1-hexadecenol; howyver,

they obteined & very impure product.
SUMMARY OF THE INVESTIGATION

1. PREPARATION OF 1,1.DIPHFNYL-1.HEKADECANOL

Ve used bromobenzene which had bsen dried with caleium chloride
end subsequently distilled, and the ethyl ester of pelmitic acid which had
been recrystellized once from alcohol and finally dried under vacuum over
P,0g as starting materials.

1) Proc. Roy. Irish Acad., B 29, 235 (1911 1912). - This literature is not
avaeilable at present. ' .

2) Ber., 56, 1648 19253.

Z) Ann-, 462, 136 (1928).

4) Helv, Chim Acta.; 22, 82 (1939).

5) Berc, 14_, 1825 (1941)-,

8) Rec. trav. chim., 82, 31 (1943).
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To a round-botton flasik was added 13.4 g of magnesiumy 6 ml of
other which had besn dried over sodium wire, as well as a crystal of iodine.
A mixture of 81.6 g of bromobenzene (0.5l mole) end 200 ml of dry ether
was allowed to trickle from the dropping funnel into the rsactor in 1 1/2
hours. Afterward, it wes stirred for enother half hour while the flask
was heated until the ether refluxed gently. Then a solution of €8 g of
the palmitic acld ester (0,24 mole) in 150 ml of dry ether was added at
room temperature during & period of 1/2 hour. It was stirred for 1/2 hour
with heating. Afterward, the flask was placed in ice end 150 md of ice
water, and later, 120 ml of l:1 hydrochlorie acid were added. The ether
layer was then separated from the agueous layer and the aqueous lsyer wes
extracted severel times with other. The combined ether extracts were
washed with weter. It is not advisable to shake the ethor layer with soda
solution bscause an emulgion is formed in this way. After distilling off
the ether, the residue wes dissolved in 200 nl of alcohol, Nothing would
crystallize out of this solution. On cooling with ice and salt; quite
a lot erystellized out. This product melted in the range, 42.0-44.9 Gy
and was accordingly very impure. The impurity probably consisted of the
meconverted palmitic acid ester. For removal of this impurity, the
product was dissolved in the mother liquor, an equal volumes of water
and 1 1/2 g of KOH were added, and the mixture was boiled on the steam
bath. After cooling, the product which hed crystellized out was filtered
off, washed with 60 per cent alcohol (for washing out the potassium
palmitate), and afterwards recrystallized from slcohol. The product ob-

" tained in this way melted at 45-48 G and, therefore, was gomewhat purer, 1
ITI-126

In en edditional experiment, we sterted with palmitic acid ester, 8953
vhich was vacuum distilled after one reerystallization from alcohol., After
the addition of the palmitic acid ester to the phenylmagn~siumbromide,
it was stirred for 3 more hours while being heated. v

After distilling off the ether, the residue wes heated for one
nour with a solution of 1 1/2 g of X0H in 200 ml of 50 per cent ‘alcohol.
After the contents of the flask had cooled, they ‘were drawm off and twlce
reerystallized from sleohol. Torty-six end one-half grams of 1,143~
phenyl-1-hexedecenol (theowy, 94 g) wes obtained, with a melting point
of 48,.5-49.4 C; accordingly, this was much purer than the product obtained
in the first experiment. Somewhat more of the product can still be ob-
tained from the mother liquor. The 1,1-diphenyl-1 hexadezancl, after
repeated recrystallization from. alcohol, melted at 48.7-43.4 G-

Helting points between 4% end 49 C are mentioned in the literature.

From our expem‘.menté, it is evident that 4t is advisable to allow
the ester to react with the phenylpagnesiumbromide for a longer period
of time.

2. PREPARATION OF 1..BROMOHEPTANE

Anelagous to the preparation of 1-bromooctane described by
Asmus 1), we have converted l-heptanol into 1.bromoheptene with 48 per cent

1) Organische Synthesen, 24 (1937).
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HBr in the presence of sulfuric acid. The 48 per cent HBr solution is
obtained by passing & rapid stream of 802 into & mixture of 280 g of water,
750 g of ice, and 600 g of bromine in such a way thet the incoming gas

is introduced under the surface of the bromine; as soon as the liguid has
become yellow colored, the introduction of S0g 18 stopped and then the
solution is distilled. Of the distillate, the colorless part which distilled
over between 125 and 126 C was refluxed with loheptangl for € hours. After
working it up end vacuum distilling, a product with nf"==1,4501 and a '
boiling point of 80 C at 28 mm Hg was obtained, with a yleld of 80 ver cent.

The preperation cem also be carried out very well with gaseous
HBr according to the method of Ruhoff 1) instead of with the HBr aolution.

3, PREPARATION OF n-HEPTYLMAGRESTUMBROMTDE

In carrying out the reaction of the palmitic acid ester with
heptylmagnesiumbronide, we noticed thet it was less successful., By means
of the investigation deccribed under 2), the reasom was clarred up, et
least partially. We observed Zrom this that the ester must react with
the Grignard compound for a longer period of tims, The quastion rogerding  III-128
the preparation of n-heptylmagnesiumbromide from 1-bromohentene now arose, - 2954

It was indicated in the literature emong others, Jokmson and
Adkins 9); Gilmen, Zoellner, and Dickey 4); end Gilman end MeCracken 5)i
that 1--bromoheptane will form the Grignard reegent very readily. -

In our experiments, a solution of 20 g of 1 bromoheptane in 25 ml
of other was added dropwise to 50 ml of ether which had bzen dried over
sodiunm wire. After this entire preparation had stood for a week in &
nitrogen atmosphere, it wac determined by titration that 55 per cent hed
been converted into the Grignard compound. Although ve know that this
conversion is greatly jnfluenced by the nature of the megnesium used, ve
have carried out mo additicnal experiments, because, for the present,
no other grades of magnesium are availeble. : ~

July, 1943 111-134
Vs 2066

PREPARATION OF PENTATRI ACONTANE

INTRODUCTION

In the report for April (page 11I-00.91), it wes reported that
we were msuccessful in dehydrating palmitol (leahentriacontanol) with

KHSO,.

1) 7. Am. Caem. Soc., 56, 2784 (1934).
2) Organische Synthesen, 24 (1937).

3) J. Am. Caem. Soc.y 54, 1943 51932;.
2) J. mn. Caen. Soc., 5L, 1576 (1929).
5) .5 Am. Chem. Soc., 45, 2464 (1925).
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. We then carried out another experiment with a great excess of
potassium hydrogen sulfate (10 g of palmitol end 20 g of KHSO4). In this
case, just as Little water was formed end on working up the product,
the palmitol. was recovered unchangsd. -

Wo now decided to try to convert the palmitol into 15-hentria-
contene by pyrolysis of the 16-hentriacontanol acetate (palmitol acetats).

 SUMWARY OF TAE_INVESTIGATION

A. PREPARATION OF 16-HENTRIACONTANOL ACETATE

. Ten grams of palmitol was refluxed for am hour with 50 g of
acetlc anhydride, to which 5 g of enhydrous sodium acetate had been added.
After cooling, it was poured out into water and the solid material was '
removed. By recrystallization from elcohol, a colorless powder with a
meltingt oint of 5%.6-54,.3 C wes obtained; the yleld was 9.8 g (90
per cent).

B. PREPARATION OF 15 -HENTRTACONTENE

We carried out the pyrolysis as a vacuum distillation in oxrder
that ‘the 15-hentriecontene formed would be exposed for as short a time
as possible to the high temperature, and the tendency to isomerize would
be reduced o a miriaurn in this way.

The first experiment was cerried out-in a Claisen flask with
e conicel bottom; 1t was distilled therein wnder the vacvum produced by
a water pump. From a flask, which was heated to 250 C, rothing distilled
over at & pressure of 23 mm Hg. By heating with the open {leme, mosi
of the coptmts of the flask disitilled over. Since the pressure greduelly
jnereased during the experiment, the distilletion proceeded more and
more slowly, After recrystallization of the distillate from aleohol; &
colorless S0lid meterial melting between 47 and 55 C was obtained,

A second experiazent waz cerried out in the veewum still, bud
in addition, we passed the pyrolysis product distilling over through a
layer of glass wool heated to 450 C in order to cleave g3ill more of the
undecomposed acetate remaining. The distillation flask was heated over
the open flame, while the receiver was immersed in ice., During the
distillation, the pressure increased from 3 mm to 25 mm Hg. Because the
distillation at this pressure proceeded too slowly, v stonped the I1T-1%6
distillation for a short time in order to lower the pressure before 2967
continuing the experiment. A total of %0 g of 16-hentriacontanol acetate
was subjected to pyrolysis; in this way, &an 80 por ceat yicld of 15-hentrie-
contene was obtained. However, it should be noted that the product ob-
tained is not e single compownd, but that it is e nixturs of cis- and
trang isomers. There is no reason for separating the pyrolysis products



bacanse on hydrogeasiion, both laviers ars converted into hantviacontane.

0. PREPARATION OF RSTRIACINTAUE,

Thivty -thres geans of 15-henlrlacontene war diseolved in 300 nl
of cyclohexzsna; afterwerd, platinum cxide, according to Adats, was added
and the miziure vwas sheken with hydeogen urtil no wore of 1t wae waten wp.

A5 the empirétion of the hydrogsnabioan vaachion, o portion of
the hy< ogenaticn peoduct had alyeady crystallized out., & sipnificant
amouns of the reaction product could sill he obtained frem the motuer
liquor, Tor purification, the entire product was acated for eu. hour at
120 C wlith a six-told quantity of suifuric acid. Alter Sooling, Hhe meterial
wid eh separvted oui was drawn off, swashed sith water, md reczystellised
from benzene. Tne prodie, which was obtsired o this way. hich was
still gomewhat yellow colored, could bs completely dacolovissc 'in benzens
aolntion with Terrana, After weerystallization from beasessz o a conptent
meliing point, & product with a meldiny polnd of 87.5-67.3 ¢ vas cbtained,
{iraft +) mendionel €84 Gjo ' :

’» B
Palnitor {16 heatrizcontmn.l} can be convesied inbo
conenol ecetets with a geod yield by, reucuion with ageblo ani
the presence of sahydrous wodlun acelats.

18- henvrle -
Aende in

15.Heatriacontene ecan be pyeoered be cistiiling 1t wenoria-
conteinrl acatate under vecuunm.

)

18.Hen%riacontene can b7 hydvoje.abed to oy
a the Adams catalyst. '

NN SR
BEOIL TS WG

1} Ber., 40, 4779 (1207).





