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INTRODUCTION

Within the skin of enimals are situated various glands which
secrete their products to the outer surface of the skina; The glands
exist in many forms and their functions are diverse. A satiofactory
classification based on the morphology of the glands hes been worked out
and the glands‘of the vertebrate are recognised as belonging to three
main types :- holocrine, eccrine and apocrine glands.l In men the
holocrine glands are feferred_to as sebaceous and the eccrine as sudori-
ferous or sweat glands. These terms are often used‘also for animals.

Comperatively few animal skin glands or secretions have been
‘.investigated chemically., Tho sebaceous secretion of the sheep, wool wax,
has been much investigated owing to the commercial value of this product;
end the author participatéd for some years in studiee of wool wax at the
National Chemical Research Loboratory, Pretoria. In Chapter I is
summarised thé present knowledge of wool wax chemistry, including contri~
butions from this laboratory into the investigation of dihydric alcohols
and'hydroxy—acids and the syntheses of igo-acids which oocur in wool wex.

Skin secretions which have no commercial applications are
nevertheless of great interest from a physiological and biochemical point
of view. In this respect human skin secretions may'haturalli attract
more attention than those of other animels, Their investigation may
prove rewarding in throwing further light upon the studies of dermatologi-
cal disorders in geoeral, end more pa}ticulariy upon the all important
problem of skin cancer. A study of human sebaceous secretions was taken
up in this laboratory by the author; the aliphetic alcohols and some
polycyclic hydrocarbons present wero invesﬁigated. The chemistry of

humen sebaceous secretions is reviewed in Chapter II.
Chapter III reviews work of other investigators on various skin

gland secretions. The "scent" glands of musk deer and other animals
and the "preen" glands of some birds have been investigated. Some

materials of humen origin such as ear wax, which are considered as re-

lated to sebaceous secretions, are included in this review.



Natural fats and waxes are generglly‘of complex composition
and early workers did not succéed in isolating‘many pure components
from éuch materialag, As & result of improved techniques and methods
considerable progress has been made in the last few years towards the

elucidation of the fine structures of fats and waxes.



CHAPTER I

WOOL  WAX

A review including the !
present edvencee.

Wool wax or lanolin is the fat-soluble substance found in
sheep wool; it originates largely from the sebaceous glands.  The
water-soluble meterial, suint, which elso accumulatee in the wool ié
largely a product of the sudoriferous glands.

Raﬁ wool contains on &n average some 15 per cent of wool wax.
The wex is of necessity removed before the wool is utilised for spinning,
ana the wax cén therefore be recovered in larée quantities as a by-
product from the wool industry. Its commercial value lies mainly
in its uees for pharmacéutical and veterinary preparations, but there
are also many other applications of the wax.(l).

Ghémicai investigations of wool wex started about a hundred
years 8go. The wex was early established ae consisting of fatty acids
esterified with cholesterol and other elcohols, glycerol excluded, A
small amount of free fatty acids is also present. The so-cellsd
"isocholesterol" wes early recognised, but this substance is now known
to be a mixture of t{riterpene alcohols. The eariy literature has been
reviewed by Gillespie (2) and Truter (3).

Most investigators have saponified the wax and studied
gseparetely the acid eand neutral fracections so obtained. Truter (4) has -
attempted the isoletion of individual esters from the unsaponified wax.
He claims to have found cholesteryl esters of'027, 029 and 051
snteiso-acids ¥ and eéters of a high‘molecular weight hydroxy—acid.

The more recent contributions to the cﬁemistry of wool wax
afe raviewed below. The unseponifiable and the fatty acid fractions,
which each constitute asbout 50 per cent of the wax, are described

separatelys

® enteiso~ denotes a terminal sgc-butyl group.



THE UNSAPCONIFIABLE MATTER OF WOOL WAX.

Four groups of compounds are recognised in the unsaponifiable
fraction : - sterols, triterpene alcohols, aliphatic mono- and
dihydric alcohols and hydrocarbons.

The hydrocafbon fractidn ié negligible in amount (5); ite
compositipn hes not been reported upon.

The sterol group of whi&h cholesterol is the characﬁeristic
compound constitutes ebout 30 per cent of the unsaponifiable matters
Other sterols derived from cholesterol are present in smaller amounts,
such as dihydrocholesterol (6) and cholesta—5:5;dien—7—one. The
- latter compound is an artefact which is produced in wool wax on
saponification with hot alcoholic potassium ﬂydroxide (5).

The‘triterpene group which constitutes about 25 per:cent of
: the Qnséponifiable matter contains the four closely related alcohpla
lenosterol, dihydrolanoaterol, agnosterol and dihydroegnosterol (7).
Experiments have indiceted thst }anoaterol is synthesised in the skin (8).
It is not certein whether agnostefol (dehydrolenosterol) is a biological
product or en artefact (3). After prolonged resesrch meinly by Swiss%
Britiéh aﬁd Australien workers the structure of lenosterol (I) has now
been elucidated. The total synthesis of.dihydrolanosterol has confirmed
the stfucﬂure (9). The molecule is a peculiar hybrid between sterol
and triterpene, with a ring skeleton and side chain like cholesterol
and with three extre methyl groups substituted in the'rings{ Lanosterol
occurs also in bu£ter fat (10), mussel fat (11) and the latex of

Buphorbia balsemifera (12).

V( )
HO— I

(1)
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The aliphetic alcﬁhols constitute 20 to 25 per cent of the
unsaponifiable metter and consist of & complex mixture of normel,
branched and dihydric alcohols. A critical review of the aliphatic
alcohols has been written by Knol (13). By fractional distillation
of the acetates, Murray and Schoenfeld (14) succeeded in isolating ten
branched chain alcohols, viz : - the igg—alcohols 020, 022, 024‘and‘

C and the anteiso-alcohols C _, C s 02 and C__. No

C C
26 170 19’ 21’ 23 5 27
normel alcohols were detected. Later, however, Murray isolated small

emounts of the.seven normel alcohols d18’ 026, 022, 024, C26' 028 and
050 by alspecial adaptation of the method of urea complex formation;
this work hes not yet been published (cf. 13). Truter (15) hes

reported the.isolation of the five normel alcohols Cl8’ 020, 022, Q24
and C26;A they were isoleted from the unseponifieble matter by urea
complex fopﬁation and further separatéd into individual components by
fractional crjstallisation of the uréa complexes.s  Although the alcohols
were not pure as was evidént_from their analytical date, the‘fact that
fairly correct acetyl values and melting points were obtained, excludes
the possibility of Truter's products having been branched chain alcohols.
Unsaturated eliphestic alcohols héve not beeén detected in wool wax.

The presence of & dihydric aleohol in woél-wéx was indicated
by Kuwata end Ketuno (16) who isoleted a product with the proposed
formula 021H40(OH)2' " Eorn and the writer (17) obteined a small fraction
of dihydric alcohols by chrometozraphy of the unsaponifieble matter of
coﬁmerciai Wool wexX. The alcohols were identified as i:2—diols on
the grounds that they yielded formaldehyde on oxidation with periodic
acid or lead tetra-acetate. In order to avoid possible contamination
with‘scouring chemicals or machine oils the dihydric alcohols were
later isolated from wool wax obtained by solvent extrection of merino
wool. The wax was saponified under mild cdnditions in order to
prevent formation of artefacts. The unsaponifiable matter was extracted
with hexane from a solution of the saponified wax in alkaline aqueous
elcohol. By chromatog;aphy of the unsaponifiable matter on activated

alumina, dihydric alcohols were obtained in & yield of 4 to 5 per cent.



Thess were fractionated by distillation of the acetates. By
saponification of the appropriate distilletes and crystallisation(
Pive pure diols were obtained. ‘They were identified as n-heiadecane-,
16-methylheptadecene~, 18-methylnonadecéne~, 20-methylheneicosane~-
and 22-methyltricoseane-1:2-diols, by oxidation with lead tetra-
acctate to the corresponding fatty acids having one methylene group
less than the parent diolss The acids produced were compared with
synthetically prepared acids of known structure (18).

The author's contribution to this work was the extraction
of wex from wool, seponification of the wax, isolation of the
unseponifiable maﬁter and isolation of the glycols by chromatogreaphy;
in eddition two of the iso-acids weré synthesised (cf.- "The acids of

wool wex").

THE ACIDS OF WOOL WaX.

(a) Netural acids.

The acidic fraction of wool wex is not less complex than the
neutral frection. Much confusion existed in the literature on this
subject until the field was extensively cleared up by Weitkemp's (19)
investigation of the "combined" ¥ eacids of wool wex.  Recent
improvements in column packings allowed him to carry out an efficient
fractionation of the acids by vacuum distillation of the methyl esters.
Fractionetion of small quentities was perfécted with a hydrocarbon
diluent. Weitkemp isolated thirty-two acides which were identified

as belonging to four homologous series as follows

~nine normal acids, even numbered : clO to C26

ten iggfacids, even numbered :. ClO to 028

eleven anteiso-acids, odd numbered : 09 to 027 and 051
two hydroxy-acids : ° 014 and 016

The structures of the iso~ and anteiso—-acids were elucidated

*

by a novel method based on the observation that the solidification

. !
¥ N"sombined" denotes mcids released from combinstion by
saponification.



point curves for binary mixtureé'of brenched and normel chein acids
exhibited two or one transitions respectively, according to whether
the length of the normal ecid was equal to or longer than the
unbranched portion of the branched acid.

Some 60 per cent of the total acids of wool wax were
accounted for in Weitkamp'e works The individuel acids were present
in amounts verying from 0.1 to 5 per cent.

The hydroxy-acids isolated by Weitkemp emounted to less than
4 per cent of the total acids. Kuwata hes i;olated 2-hydroxyhexadecanoic
ecid from wool wax ecids in 7 per cent yield (20), Bertram (21)
inferred from anelytical data that wool_wax contained hydroxy-acids in
a considerably lerger proportion then was indicated by these authors.
Further, his assumption wes not contredicted by the fact thet Weitkamp
succeeded in isolating oﬁ&y a smeall améunt of hydroxy-acids as some
12 per cent of Weitkemp's acids was not recovered from en initial
c%romatégram and a further 6 per cent was lost in the distillation.

It mey be pointed out that it is likely thet the more polar and
thermolabile hydroxy-acides of wool wax were preferentially included in
these iosses.

A reinvestigation of the hydrbxy—acids was therefore taken up
in this laboratory (22). The hydroxylated acidé were separated in good
yield from the unhydroxylated acids by the Craig solvent distribution
method, which also sufficed for the isolation of some of the pure
'single component s. Some 28 per cent of the total acids wes
identified as 2-hydroxy-n-dodecanoic, 2~hydroxy-n-tetradecanoic,
2-hydroxy~-n-hexadecanoic acide and 2-~hydroxyoctadecancic acid
isomers (25).. |

These acids were elso cheracterised es the corresponding
dihydric alcoholsb(24) ¢ the methyl esters of the total wool wax
acids were reduced with lithium aluminium hydride and the 1:2-diols
originating from the a-hydroxy-acids were separated by chromatography.
Distillation .of the acetates and hydrolysis and crystallisation of

appropriate fractione yielded pure n-tetradecane~, n~-hexadecane-,



n-octedecens~ end 16-methylheptadecane—l:2—diols. The unresolved
018 a~hydroxy-acid isomers were thus éharacterieed as 2~hydroxy-n-
octadecanoic and 2—hydroxy~16—methylheptadecanoic acidse.

The author's contribution.to this work was the isolation of
the total acids from wool wax,'preparation of the methyl esters,
redgction of the esters with lithium eluminium hydride end isolation
- of the.diols by chrometography.

American workers (25) have recently claimed the isolation from
wool wax of a &-lactone (?), or a mixture of lactones, with the
approximate composition 020H5802.V The size of the lactone ring was
inferred from infre-red sbsorption data which, however, do not exclude

the possibility of & structure heving more than six atoms in the

rin'g (26)0

(b) Synthetic acids.

Branched chain acids are relatively rere in nsture and long
chain iso- and anteiso-acids had not}beeﬁ encountered before Weitkamp
discovered their presence in wéol WaXe Following Anderson's (27)
important discovery of biologically active branched chain acids in the
tubercle bacillus, the investigaﬂion of branched chain acids has been
extensively pursued by meny workers. Improved methods of synthesis
have been developed and a great varisty of branched chain acids has
been synthesised.

Five of the naturally occurring igg—acids of wool wex were
syﬁthesised in this leboratory (28). The\meﬁbers containing 10, 12,
14, 18 and 20 carbon atoms were synthesised and the acids end amides
characterised. The mein purpose of the syntheses was to make exact
comperisons between the properties of the synthetic iggfaéids andvthose
isolated by Weitkemp, since Weitkawmp's method of assigning structures
to his series was novel and few direct comparisons had beén rnade., The
discrepancy between the melting point of the l2-methyltridecancic acid
synthesised by Fordycevand Johnson (29) and that of the natural specimen

isolated from wool wax by Weitkewmp was cleared up in fevour of the



“latter by the synthesis of this acid. of four modern methods of
chain lengthening which were employed in these syntheses the anodic .
method #e uscd by Linsteed (30) wes foﬁnd superior es regards yield
and purity of thé Jroducts end simplicity of operetion.

A further purpose of the syntheseé wes to provide a series
of iso-compounds to serve &s reference substances for comperison with
degradation productslfrom the hydroxy—acids'and 1:2—glypols of wool wax. .
Three iso-acids which»were required for tﬂis purpose were also |
syrithesised (18, 24). They were the members conteining 17, 21 and 23
carbon atoms.. |

- Of the eight iso-acids, the amuthor synthesised lO-methylundecanoic,

iB-methylnonadecanoic, 19-methyleicosanoic and 2l-methyldocosanoic acid,
none of which had previously been synthesisedQ Three of.the acids
‘'were synthesised by the enodic¢ methed (30), in which a
' mondcarboxylic acid and the half ester of a dicarboxylic acid in
methanolic solution ars electrolysed between platinum slectrodes to |

yield a monocarboxylic acid, a dicarboxylic acid and a hydrocarbon.

R'R'°COOEt‘ (1)
R*COOH 4+  HOOC+R'+COOEt — E£0OC*R!*R' + COOEt,
| N R°R

The desired reaction product (I)'was isolated from the unwanted
dicarboxylic acid by distilletion in vaéuum; it was ‘shown that this
'separation was easily effected elso by Craig's counterecurrent'
distribution method. 10-Methylundecancic acid was synthésised from
iso-valeric acid end ethyl hydrogen azelate; 18-methylnonadecanoic -
~acid from 10-methylundecanoic acid and ethyl hydrogen sebacéte and
21—me£hyldocosanoic acid from 18—methylnonadecénoi¢ ecid and ethyl
hydrogen glutarate. The latter half ester was prepared from glutaric
aecid (31) which was synthesised from acrylonitrile and sodio-malonic
ester (32). 19—Methyleicoéanoic acid was synthesised from

18—methylnonadédanoic acid via the alcohol, iodide and nitrile (33).
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Direct comparison of the gynthetic C12 and 020
iso-scids with specimens isolated by Dre Weitkamp from wool wax showed
the synthetic and netural acids to be identical and thereby afforded
further confirmation of the validity of Weitkamp's structural’
aséignments in the iso-acid series.

Milburn snd Truter (54) have recently reported the syntheses

by ths anodic method of iso~ and anteiso- acids occurring naturally

in wool wax,



-11 =

CHAPTER II

HUMAN SEBUM .

Humen skin conteins sweat, apocrine end sebaceous glands.

The sweat glands are present in all parté of ﬁhe skin with
a few sxceptions such‘as the lips, eyelids etc.  Their minute
size is illustrated by the fect that the glands in sons areas
number more then a thousand per square centimetre of skin. Eech
gland has its seperate duct which winds through the epidermis and opens
upon the skin surface. In a men at fest, sweat ig secreted in an
average amount of one litre per day. Physical exercise can cause &
fifty.to seventy-fi%e times increaée in the normel rate of swea@ing.
The most importaﬁt function of the sweat glands is their aid in
régulation of the body temperature. The glends are also organs for
excretion of metabolic waste products although this‘function is not
COnsideréd significant. |

The chemistry of sweét is comparatively simple and its
approximaté overall composition has long been known. ft contains
99 per cent water, half a per cent or less of sodium chloride and
treces of various other constituents such as potaséium, calcium,
magnesium, copper, menganess, iron, sulphates, phosphates, ammonia,
uree, uric acid, cfeatinine, amino acids, glucose, lactic acid,
wéter—soluble vitamins, phenol end histamine (35). A much disputed
question is whether éﬁeat glands also secrete lipoid mét£er (36).

The apocrine glands are restricted to certain areas such
&s the aexillary region (armpit). Their ducts open into the hair
follicles. The apocrine secretion has some résémblance to sweat
and is often referred to as apocrine "sweat'. Its physiology and
chemistry is little known. The secretion does not appear on thermel
stimuletion like eccrine sweat but on emotional stimuli such &s stress,
pain, fright and excitement (37). Nitta and Ikai (38) have

investigated the volatile fatty acids of axillary "sweat" by paper
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-chrometograph: and found acids having 2, 3, 4, 5 and 6 carbon atoms.

| The sebaceous glends, like sweat glands, are distributed
over most of the body surface. They ere absent in the palms of hands
end soles of feet. The glands are mostly Bituated around the hair
follicles into which the secretion is expelled. Only in a few
hairless areas such as the lips,.eyelids etce do the ducts open upon
the free surface of the skin.

"~ The sebaceous secretion is called sebum. Several workers
heve been engaged in the difficult task of measuring the rate of
sebeceous secretion from verious parts of the body. Thé total secretion
from the body is probably less than one grem of sebum per 24 hours (39).
The full significance of sebum is not understood. It gives pliability
to the skin and thereby also prevents the formation of cracks or
fissures through which micro-organisms can penetrate., It also protects
agaiﬂst the disintegrating influence of e*ternal moisture. The
sebacesous secretion participates, elthough to & lesser degree than
sweat, in regulation of the body temperature. It is not knowq whethér
metebolic waste products are excreted via sebaceous glands.

The chemistry of sebum hés been investigated by many during
the lest séventy years. * The earIiest literature is reviewed by Unna
and Golodetz (40) and later contributions by Cmelik (41)s  The early
workers found sebum to consist of glycerides and wax esters.

Cholesterol was also early recognised es a component. The composition
of éebum varies considerably as indicated by thé following figures of

Wheatley (42)7:

Free fatty acids 22 - 32%
"Combined" acids 28 - 41%

Unseponifiable metter 27 - 36%

Before entering into a description of sebum in detail; it is
appropriate to discuss the generel difficulty thet exists in assessing

the true origin of the materials used by most investigators. For

practicael reasons most investigators have collected surface skin
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"ot " rather then pure sebug a8 obﬁained froz inside the
sebaceous ducts.  Although surface skin "fat"vundoubtedly erises
meinly from sebaceous glands, it‘may in part originate from other
sources : sﬁeat glandé, which are éresent in virtually all areas ofA
the skin, may secrete lipoid matter. it is elsoc belicved thet
fats from the cells of the epidermis diffuse out to the skin surface (43).
Conversely, it is possible that sebaceous secretions contain weter-
soluble matter which in that case would be incorrectly included by
investigators as part of the sweat. Some recent investigations by
Schmidt-Nielson (44) were carried out on sebum ébtaihed from individual
sebaceous orifices,

The chemiétry of the acid and unsaponifiable fractions of
sebum is reviewed below and then follows the euthor's contribution in

’

this field.

A REVIEW OF PREVIOUS WORK.

(2) The acids of sebum.

A major contribution to the chemistry of sebum was an
binvestigation of thée free fatty acids by Weitkamp, Smil janic and
Rothman (45). By amplified distillation of the methyl esters of the
free fatty ecids, . followed by 1ow»temperature crystallisatibn of.
individual fractions for the separatioh of saturated and unsaturated
compounds, the following normel cheain acids were isolated and
identified :

Fourteen saturated acids,

odd and even numbered : ‘ 07 to 018’ C20

Eleven mono-unsaturated ecids with double bonds
in positions as indicated in brackets :

0)1(2:37), 0,,(3,47), ©(4,57), ) (5,6),
015(6:7)5 ©)((6,7)s ©4(6,7) ©,(8,9),
Cg(6:7), C 4(8,9),:C,5(9,10)

d C
an 55

~

Acids withAmore than one double bond : +the 018
mixture conteined dienoic and trienoic acids
with double bonds apperently in unusurl positions.
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N

. The totel fatty acids of sebum have recently been studied
by Miescher, Lincke and Rinderknecht (46) who fractionated the
methyl esters by distilletion.  Owing to the small smount of material
distilled the lbnger chein acids werevnot obtained in the distillates.
No pure acids were isolated; the distilled fractiona were examined
by their melting points, hydngenation velues and the melting points
of the hydrogenated products. The calculated composition of the
total acid fraction is ﬁabulated below., | The results of Weitkamp are

~included for comparison :

TOTAL ACIDS FREE ACIDS
(Miescher) (Weitkemp)
i § Average num- Average num- |
+ Chain length Composition ber of doublei Composition ber of doubls
(%) bonds 3 (%) bond s
| - ) !
i ..014‘ 6 0.8 . 5.8 0.4 %
C. -C- 22-29 0.25-0. : 15. 0.15-0.2
1% 0.3 155 5-0425
o L 25-40 0.5 P36 0.5
716 : '
o 32 -39
16 (residue) ; !
i i i

The lower molecular weight fraction of the totel acids is considerably
. more unsaturated then the corresponding fraction of the free fatty =cids.

The overall comporition is otherwise similar for the totel and the free

N

feﬁty rcids.

| Longer chain normal fatty acids having odd numbers of carbon
atoms had not been encountered in neatural products before Weitkamp
isolated severel from sebum. Meny earlier investigators have claimed
the isoletion of.odd nunpered acids from various sources; = subsequent
work, however, hés invariably revealed that such products were mixtures
of even numbered acids (47). Recently Shorland and co-workers (47)
heve isolated several‘pdd numberedlacids in very smell emounts from
natural products. n—Pentadecaﬁoic acld was isolated from butter

fat and from ﬁydrogenated mutton tallow and shark liver oil and

n-heptadecanoic acid from hydrbgenated mutton tallow. The consecutive
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geries of volatile fatty acids 02‘

numbered acids, wes identified in hydrogeneted ox perinepheric fate

to Clo, including the odd

The fﬁngistatic and bactericidal properties of the acids of
‘sebum are of interest in connection with selfuéterilising properties

of the skin. Rothmen et al. (48) found that sebum of adults but not

sebum of children wes fungistatic to the fungus Microspdron audouini’
which is. the cause éf the commonly occurring disease "ringworm" of the
gcalp. Fractionation of ective sebum revealed that the fungistatic
properties were confined to the free fatty acid fraction and more

particularly to the odd numbered acids C_ to 015 of this fréction.

7 _
The immunity of adults to "ringworm" was explained by the fact that
sebum of adults cbntaiﬁed tﬁe mentioned fungistatic odd numbgred apids
in fivé times the amount that was present in sebum of children.

A later investigation by Kligmen and Ginsberg (49) has cast
some doubt upoﬁ the validity of Rothman's explanation for the immunity
of the adult scalp against 'ringworm". Kligman and Ginsberg found
that the sebums of adults and children were similar in fungistatic
activity when tested on M. audoini. The fungus was also grown
in vitro on hair from adults and éhildren, before and after removal of
:the natural hair grease by extraction; no significant difference was
found betwéen the hair of children and adults in this experiment and
the fungus grew equally on hair that contained sebum and hair that had
been freed from sebum by extraction.

Miescher et ale (46) tested the bactericidal activity of

gebum on Streptococcus haemolyticus, Escherichia coli and

Staphylocoqcus aurens andvfound that not only the free fatty acid
fraction was éctive but also the neutral fraction of sebum. 0f the
total fatty acids the‘fractions of léwer molecular weight were the
more active. Most fractions showed increased bactericidal activity
after long storage, apparently because products of autoxidation were

' then present.

(b) The unsaponifiablé matter of sebum.
/

By chromatographic studies MacKenna, Wheatley and Wormell (50)
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found the unsaponifiable matter of sebum to consist ;hiefly of
hydrocarbéné, aliphaticAalcohols and c¢holesterol. Lanosterol, a
major component of wool wax, was not detected. The acyclic triterpene
squalene was identified in the hydroéarbon fraction. Normel
hydrocarbons which were present are now believed to have originated
from an external source (51). It is interesting in this cdhnection
to note that the hydrocarbons present in wool wax were found to be
natural ﬁroducts of the skin secretion (5). MacKenna et al. (50)
rechromatograﬁhed the eliphatic alcohol fraction gnd obtained by
crystallisation an’impure preparation thought to be eicosanol (?);
the acetate of this preparation melted 9 degrees higher than pure
gicosanyl acetate, In view of the complexity of the alcohol mixture
it wes not to be sxpected that pure components could be isolated by
thé methods which were used. Tﬁe same euthors isolated some fractions
bélieved to be.oxidation préducts of squaieﬁg. A major purpose of
their work and & concurrent spectrophotométric investigation by
Festenstein and Morton (52) wes to examine sebum for the presence of
vitanins. No vitemin 4, 5—caro£ene, vitemin K, or provitamins D2 and
D_  were détected. Traces of vitamin E were probably present.

A’study of the aliphetic alcohols of sebum byvhigh temperature
mass spectrometry has very recently béen reported by Brown, Young and
Nicolaides (53). The spectra of the consecutive series of saturated

8lcohols from Cl o C 7 were identified and aleo those of the

6 t
mono~unsaturated alcohols from 018 to 027. Alcohols having an even
number of caerbon atoms were present in significéntly greater Quantity
than the adjacent odd homologues; The mass spectrémetric meﬁhod did
not distinguish sharply between pure speéimens of normel, iso—- eand
anteiso- alcohois, and the authors therefore could give no final
decision as to whether iso- and enteiso- alcchols were present in the
sebum. | A veluable aspect Qf this method is that a full analysis can
5e carried out on as little as 30 milligrams of material.

It is likely that various identified constituents of sebum

. will play a role in connection with studies of skin cancer.
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Bernheim g&_gl; (54) heve recently shown that the fofmation of
sutoxidation producté on the skin. of mice in vivo (detected by

the thiobarbituric acid reagent) is retardedjin the presence of
certein éarcinogenic polycyclic hydrocarbons which are painted on

the skin. Further, it is knan that carcinogenic hydrocarbons
inhibit aufoxidation of unsaturated acids-in vitro (55); autoxidation
of the highly unsgturated hydrocarbon squalene is also inhibited by
certain polycyclic hydrocarbons (56). The recently accumulated
knowlédge of & number of unsaturated compounds which are present in
humen sebum (acids,'aliphatic alcohole, squalene) may therefore lead
to renewed stﬁdies concerning the interaction between these compéunds

end ‘carcinogens.

‘A NEW CONTRIBUTION TO KNOWLEDGE OF SEBUM.

(2) Preliminary investigation.

For a more detai1ed study of sebum it was necessary to have
a large quantity of'starting material. It was therefore decided to
resort to scalp hair as'thé gource of sebum for the present work, in
spite of the possibility that such meterial could be contaminated Qith |
extraneous matter such as commercial hair‘dressings. Hair dressings
consist mostly of neutral glycerides and mineral oils (cf.v45) and
such materials do not yield a high percentage of long chain alcohols
on saponification. Contamination of the aliphatic alcohols of sebum
in'the present work is therefore not likely to be appreciable in
-émount.

-Humaﬁ hair for the present investigatioﬁ was obtained from
African (Bantu) males through the Johannesburg prison authorities.
Exhaustive extraction with hot commercisl "isoheptane®™ of different
semples of dried hair yielded surface ékin "fat" in amounts from
5 to 9 per cent of the hair; (surfece skin "fat" will alsé be

referred to as sebum); The following data were determined on a
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In similar chfoﬁatograms of wool wax unsaponifiables the
nore strongly adsorbed materiel had contained a high concentration of
l:2-diols. The appropriate chromatographic fréctions of sebum
unsaponifiable matter were analysed fof glycols, using the volumetric
method of periodic ecid oxidation by Karnovsky end Repson (57)s A

’
quantity of glycols corresponding to 0.35 per cent of the unéaponifiable
maﬁter was found,

The cémposition of sebum according to these preliminary
experiments was in agreement with. earlier reports. Hydroxy—-acide and
dihydric alcohols, however, had not before beén reported as conétituents
of sebum. Because only small quentities of these substances
apparenﬁly were present, their study was considered of little-importance

et this stage. It was decided first to investigate the aliphatic

elcohol fraction.

(b) The aliphatic alcohols of scbum.

As described in the following, twelve aliphatic alcohols (90)
were isolated from sebum and identified es belonging to three
homologous series, viz : =

Six normel. saturated alcohols,
~even numbered @ ' C,,toC

14 24

Th saturated iso- ls ¢ C C
Three satur iso~alcohols U2O’ - 24

Threé normal mono-unssturated alcohols with

double bonds in positions as indicated in

brackets : C 10,11 C 12,1 C 14,1
rackets : C,(10,11), C, (12, 3), 24( 4,15)

It is not possible to state with certainty thé relative
proportion of each alcohol present in the sebum, sinée intermediate
" fractions and residues obtained during lengthy fractionations contain
unknown amounts of the>various.comp0unds; however, an indication of
the minimuﬁ percentages present is given'in thg'last column of

Table I (p.24)e

The normal saturated alcohols isolated are common constituents
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Flg. 1

__Cl4

L] L

20 40 co 80 100
Volume digtilled ( ml.)

Distillation curves for::

A - ecetates of the ures complex forming materiasl of
sebum unsaponifisble metter (hydrocarbons excluded);

B ~ acetates of the residual unsaponifieble matter.
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As suggested by the boiling temperaturées, the distilletion
flots contained the acetates of 014) 016' 018’ Géo, 022 and G24
&lcohols respectivély.

The three lower boiling flats each contained the acetate
of a normal saturated elcohol; the acetates were purified by
crystalliéation and the pure alcohols obtéined by saponification and
: crystaliisation. Other components were not found in these distillation
flate. The three higher boiling flats contained mixtures of écetylated
normel, iso~ and unsaturated alcohols. Because of a slight difference
in boiling point betweeﬂ the three components in these mixtures the
acetates of the normal satura£ed alcohols were enriched in the highest
"boiling region of the flets and were in two cases (020 gnd 024
alcohols) obtained by crystallisation of meterial from these regions.
The mixtures of acetates were otherwise resolved by fractionel
crystallisation of uree complexes (cf. 15). The acetates of the
normel saturated alcohols had the greatest tendency to form.urea
‘complexes; next ceme the acetates of the saturatéd iso-alcohols and
last the acetates of the normal unsaturated alcohols. The acetates ‘
s0 obtained were .saponified and the recovered alcohols crystailised to
purity.

| One of the unsaturated alcohols (Géo) was present in
appreciable amount ip the residual unsaponifiable matter which did not
form 2 urea complex (Fraction B) and was isolated from this fréction'
by distillation of the scetates ; see curve B, Fig. 1. Todine values
6f the distillation fractions indicated that there were unsaturated
alcohols present of chain lengths lower than C2O end higher than C24f
but the gquantities were too smell for their isolation.

The twelve alcohols which had been isolated were characterised
end identified as described in the following. Properties of the

alcohols and of four scetates are given in Tables I and II

respectively. -
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Teble I. Properties of the isolated elcohols.

i

| g ! . f
_§ : i ! i X~Ray long % Minimum
§ Alcohol f M.pe © bC % H % |crystal spa— i percentagg
% ; i - cing (8) | present =+
; ' i : ;
- |
in-Tetra- 37.7 = 38.0 78.2  14.0 | 39.6 i 0.2 i
;decanol e | b é e S
i 38.26= | (78.4)2 (14.1) 59.7% | |
| | : i i
‘n-Hexe~ 4943 - 49.49~; 79.1 14.1 | 36.8  44.0 | 1.4 1
decenol a l, .4 R c c ! :
L 49.62= i (79.3)  (1401) ¢ 3704~ 44,9~ ;
i | i o | |
n-Octa- sl 7909 14050 a1 0.5
decanol. ? a { T c G| ;
| 57.98" | (79.9) (14.2) | 4l.3* 50.2" |
n-Ti- L 65.05 ' 80.4 142 | 45.4 L 5.0 :
cosanol ! I ' ? i i
' L 65,5 | (80.5) (14.2) ] g |
| ' : , f
n-Do- [ 70.3 ~ 70,4 | 81.0  14.1 | 49.8 13 |
cosanol i a E . ; f
: | 70.67 (81.0) (14.2) : 49.95 i g
L | * } !
n-Tetra~ 1 755 = 75.7 | 8l.3  14.2 | 5%.2 | 2.0 :
icosanol % a 5 c ; |
: L 74.8~ _(81.3) (14.2) | 54.0- j |
{18-Methyle | 49.2 - 49.4% " 80.3 . 14.2 0.5
nonadecanol | o ; : ’ !
| 50.3= . (80.5) (14.2) |
20-Methyl- | 55.4 = 55.9 | 80.9  14.3 % 0.4 ;
{heneicosenol | . : | . |
L 5717 5180.9) (14.2) ; |
| 02-Methyl- ; 6044 - 62,7 | 81.15  14.3 % 0.5 |
tricosanol { R : :
62.4= (81.3) (14.2) ;
_ : i
‘n-ficos— | 23,5 = 24.4 | 81.0  13.7 | 0.6 f
‘10~enol g i
| (81.0) (13.6) |
in—Docos— % i 8lag 13.8 | ? 0.4 :
{12-enol § i 5 i §
| | [ (81.4) (15.7) ; ]
gn—Tetracos— i 4343 = 43.5 81.6 13.8 | % 0«5 %
{14~enol i ' ! 3 ! ;
‘ 1 (81.7) (13.7) f i

imio irjo oo

Ralston (61).
Celculsted velues for C and H are in brackets.
Malkin (62).
The m.p. was unchanged by admixture with an authentic sample.
Murrey and Schoenfsld (14).
&+/100 4. non-saponificbles.
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Teble II., Properties of the isolated acetates.

%

E Aceteate of % Mapo © heetyl % i 3 % H%
|
4 = 14 . | . 12.6
i n-Tetradecanol é 15.4 - 14.0 17 0 : ; 74.6
i a i
1408 (16.8Y% ¢ (74.9)% (12.6)
, T
% n-Hexadecanol § 245 = 20 j 105 S 761 taer
i H i
i | 24,22 ; (15.1) %(76.0) (12.8)
! : :
g n-Octadeceanol z S2.1 = 52.9 ; 15:9 ! 77.95 15:0
{ 32,85 L (13.75) ! (76.9)  (12.9)
l ] i 39.7 - 30.8 I 13.0 775 1540
; n-Eicosanol : g : '
40 o5t | - (12.6) _(77.6)  (15.0)

Phillips and Mumford (63).

Celculated values for ecetyl and C and H are in brackets.

joe @

Six saturated normal alcohgls. These alcohols were
identified by their melting points, in two cases mixed melting points
with authentic specimens, elementary compositions, X-ray long crystal
spacings.and in four cases by acetyl values and melting points and
elementery compositions of the scetates.

Three saturated iso-alcohols, These were.identified by

their melting points, eclementary compositions and infra-red absorption
spectra. The C2O iso-alcohol had an infra-red ebsorption spectrum
which was identical with that of synthetic 18-methylnonadecanol., The
terminel iso-propyl structure of the three isolated iso-alcohols was
confirmed By the cheracteristic splitting of the infra-red absorption
band in the 72%@, region (64). There was sufficient material for
X-ray long crystal spacing measurement of only one of the iso-alcohols

(02 ). This zlcohol gave no clear X-ray pattern and an impurity

4

such as n-tetracosanol might therefore have been present in the sample.

Threes unsaturated normal a2lcohols. These alcohols had one

double bond and an unbranched chain a&s shown by their hydrogenation
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to the corresponding saturated normal alcoholé. The double bond
positions were determined by oxidative cleavage of the alcohols
into two ecid fregments, an & -hydroxy-acid end an unhydroxylated
acid, followed by the identification of these ncides

The procedure adopted for oxidative cleavage was chosen so
as to minimisé the danger of secondary oxidation products being formed.
The oxidations were carried out in two steps : the unsaturasted slcohols
were first oxidised with performic acid in acetic enhydride according
to Fietelson's msthod (65) for oxidation of oleyl alcohol.  Trihydroxy-
alkenes were thereby obtained. The trihydroxyelkanes were next
oxidised with lead tetra-acetate and a stream of air according to
iendel and Coops (66, cf. 18) whereby mixtures of @ ~hydroxy-acids and
unhydroxylaeted acids were obtained. The acid mixtures were converted
to methyl esters and éhromatographed on acid-washed elumina, whereby
the W ~hydroxy-esters and the unhydroxylated esters were separated.

The acids were recovered from the esté?s by saponification.

The possibility wes considered thet the unsaturated alcohols
were mixtures of double bond position isomers (cf. double bond pdsition
isomers in the free fatty acids of sebum (45)) in which case the acid
fission products would be homologous mixturese. The technique of
reversed-phase partition chrcmatography of fatty acids (Cl2 - 018
acids (67), 020 - 024 acids (68)) was therefore extended to effect
the resolution of six normel fetty acids ranging in chain length from
six to eleven carbon atoms. The efficiency of separetion is
illustrated by the eclution curve (Fig. 2) for a chromatograﬁ of a
synthetic mixture of n-pentenoic, n-hexanoic, n-heptenoic, n-octanoic,
n-nonanoic, n-decanoic, n-undecanoic and n-dodecenolic acids.

The unhydroxylated acid degradation products were analysed

20

yielded n-decanoic acid with no traces of its homologues. In the

by this methode  The C ,_022 and 024 unsaturated slcohols all

case of the degradation product from the 02 alcohol, a small

4

frection of unidentified meterisl appeared in the eluate in front

of the n-decenoic scid. This unidentified meterial was neither
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a homologue‘of n-decancic acid nor was it’14ahydfoxytetra&ecanoic
ecid as was evidenced by its position in the eluticn curve ana by
the melting point of the'recovered—materiai; Although this material
was not identified, its presence clearly does not influence the
argunent about the structure of the tetracoecnol componen£¢ The
identification of n~decenoic acid as a degradatién product of the
CQO’ C22 and (324 alcohols proved their étructures to be eicos-10-enol,
docos-12-¢enol and tetfacos~14~enol respectivelye.

he ou—hydroxy—acid moieties- (1O-hydroxydecanoic,
12~hydroxydodécanqic and l4~hydroxytetradecanoic acids) proved
difficult te purify by crystallisation. It was considered sufficient
to identify one of them by oxidation to the dibasic acid :
10-hydroxydecanoic acid was oxidised with potassium permanganate and
sebecic ncid was recoversd from the oxidation product. The recovered
aecid was not obtained 'in thé highest degfee of purity but its idenﬁity
wes confirméd by the running of paber chromstograms (69, 70) in which

the unknown ecid was compared with sebacic, azeslaic and suberic acids.

(c) Polycyclic hydrocarbons in séebum.

By a chance observation a certain fraction of sebum
unsaponifiable matter was found to contein chryséne (I); 1in following
up this work anthracene (I1) was also isolated and the presence of

phenanthrene (III), pyrene (IV) and fluoranthene (V) was indicated.(91).

{“\r/\\//i]

- J B
N N

(11) (111)
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From the unsaponifisble uatter most of the non-erometic

hydroqarbons, aliphatic alcchols and cholesterol had been removed,

The residual materizl which is earlier referred to as Fraction B

had been fractionally distilled and divided into smaller fractions

of increasing boiling points (see Fig., 1, p. 22). Some of these
fractions deposited small emounte of crystals which fluoresced strongly
in ultra-violet light.

The crystalline substance conteined in 2 high boiling fraction
(b.p. 198-205°/1 mm.) was isolated end identified aé chrysene by means
of its ultra-violet absorption spectrum, melting point, mixed melting
point with authentic chrysene, melting point of its trinitrobenzene
derivative and mixed melting point of the latter with authentic chrysene
frinitrobenzene derivative, The ultre-violet spectrum recorded for
the isoiated compound is giQen on Fig. 3 (p. 32) together with that of
pure chrysene (71).

As shown in Tebe III certain physicel dete of chrysene are
very similar to those of 3-methylchrysene. - The identity of the
isolated compound was therefore not fully established by ite meiting
point and ultra-violet spectrﬁm alone. Thg melting point.of the
trinitrobenzene derivative definitely excluded 3-methylchrysene.

- Teble III. Comparative data for chrysene (72),

3-methylchrysene (72) and the hydrocarbon
isolated from sebum.

i

é ;Hydrocarbon {3-Methylchrysene

i ex sebum Chrysens g %
‘ A | : , z %
' M.p. (°C) 253.5 256 254-255 |
| . : s
 M-p. of trinitro- . 186-187 © 191 - | 174-176 |
. benzene derivative t :
? . a b b i
Ultra-violet ab- my loge m— loge mpy~—  loge
sorption mexima
; 258  4.85 | 258 4.96 260 4494
; ‘ 1267 5.1 ! 267 5.20 269 5.15
282 4.04 | 282 4.09 285 4.00

294 4.02 1 293 4409 ¢ 297 4.05
306  4.04 | 305 4413 |- 309 413
319 4.04 | 319 4.13 323 415
344 2.80 | 343 2.81 345  2.91
352 2.60 ; 351 2.57 353 2.6%

361 2.71 | 360 2.81 362 2.91

in 96% ethanol.
in abs. ethanol,

jole
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vThe crystalline precipitate of the lowest boiiiﬁg distil~

lation frection (b.p. 125-140°/1 mmn.) wes similarly identified as
anphracene by its ultra~violet spectrum, as shown én Fig. 4. The
identification was confirmed by the melting point and mixed melting
point of the trinitrobenzene derivative.

The isolateq_preparations of chrysene and anthracene
conteined trace impurities &s was indicated by their spectra and by
& green colour of the isolated chrysene and the low melting point of
anthracene. It wes calculeted that the emount of the two hydrocarbons
was of the ordér of C.01 per cent of the unsaponifiable mafter.

The experi@ental routé which led to the isolgtion of
chrysene and anthracene was long and compliceted, and a more direct
chrématographic method for the detectiép of polycyclic hydrocarbons
in sebum was therefore developed, A éample of the total unsaponifiable
matter of aebum was analysed by this method. The presence in separate
eluates of phenanthrene, pyrene and fluoranthene was indicatedvby their
ultra~violet absorption spectra. The chrometographic fraction which
contained phenanthrene waé further purified by reversed—-phase partition
chromatography on a column of non-wetting kieselguhr. The spectra of
the isolated phenanthrens, pyrene and‘fluoranthene are given on Fig.
51 together with those of the corfesponding pure hydrocarbons (71).
The chromeatographic fractions were in most cases too smell to be
weighed and their recorded.absorption intensities are only of qualitative
value, Otﬁgr tests for identificetion purposes could not be carried
out with the minute quantities available.

It was evident from ultra-violet spectroscopic data that
other polycyclic hydrocarbons were also present.

A siell sample of netural hair "fat" from people of
European spock 1iving in Pretoria wés similarly analysed by the
chrometographic wmethod. Ultra—violet spectre of some of the elustes
indicated that 'these contained mixtures of pglycyclic hydrocarbons,.
A fradtionation of these mixtures into singlé components was not

attenpted.



- 3] -

It was thought unlikely that polycyclic hydrocarbons of such
wide structural variety were metabolic products secreted through the
skin, &nd possible external sources were considered. While the above
work was in progress a peper by Cooper and Lindsey (73) appeared in
which the identification of several polycyclic hydrocarbéns in atmospheric
soot 1is described. " Their discovery offers a plausible explanation for
the presence of such hydrocarbons in human sebum: the hair probably
acts as an air filter and atmbspheric soot is retained by the greasy
film on the heirs.

Although thie explanation is readily acceptable, it does not
exclude the possibility that one or more of the identified hydrocarbons
are secreted through the skin.. In meny studies that have been made
of human end animel skins in coﬁnection with cancer (74) it hes never
been observed that fluorescent polycyclic hydrocarbons are natural
products of the skin.

The presence of polycyclic hydrocerbons in surface skin "fet"
is of interest in view of the known carcinogenic activity of many
hydrocarbons which belong to this classs The most active
carcinogens (75) are 9:10-dimethyl-1:2-benzanthracene (VI),
20-methylcholanthrene (VII).and 3:4~benzpyrene (VIII). The latter
compound wes identified in atmoépheric goot by Cooper and Lindsey (73)
énd can theréfore be expected to occur also in human sebum. The five
hydrocarbons which have been foun&'so far in sebum are not, or only

very slightly, carcinogenic.

(VIII)
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CHAPTER III

SECRETIONS OTHER THAN SEBUM AND WOOL WAX

Buch work es hes beén carried out on materials biologically
felated to humen ssbum and wool waxvislbriefly summarised in this
chapter. Most of these products have not yet been investigated in
eny great detail.

Wneatley (42) has maede a compsrative study of the following
materials of humen origin : CERUMEN (ear wax), VZRNIX CASEOSA
(substance covering the ekin of the fetus), OVARIAN DERMOID CYSTS
and EPIDERMAL or SEBACEOUS CYSTS. The lipids from these sources
are similar to humen sebum in that theylare waxes containing
hydrocarbons and esters of fatty acids, cholestercl and aliphetic

#lcohols. Phosphatides are also present but these are absent or only

occur in traces in sebum (76). Free fatty acids are present in all

‘but the lipids of ovarian dermoid cysts. The aliphatic alcohols of

dermoid cyst lipids probebly heve normsl and branched structures, as
less than holf of the total alcohol frection formsd insoluble urea

complexese.. Both Wheatley and Cmelik (41) conclude from the chemical

composition of sebaceous cyst lipids that these are not of sebaceous

origin as is generally accepted from histological observations.
Weitzel (77) has investigated the lipids of the "PREEN"

GLANDS from duck, goose and domestic fowl. The preen gleands ére
of sebaceous type and =zre situ@tedvinvpairs dorsélly_at the last
vertebre. These are the only skin glands of birds and provide a
water-repellent grease with which the bird preens its feathers.

| The duck and the goose were found to have‘similar preen
gland secretions. The unseponifiable matter cf both consisted almost
exclusively of octadecanol. Most of the acids were branched and some
were unsaturated. The major ecid components from the duck glands
were /-methylhexanoic acid and a laevorotatory octadecanoic acid.
The acids of the goose glandé were meinly oleic acid and two
1aevofotatofy branched chain acids having thirteen and fourteen carbon

atoms.
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The main acid component of the démestic fowl glandlwas oleic
acid. Branched chain acids were not detected. The unsaponifiable
metter contained normel alcohols of molecular weight higher than
octedecanol. The latter alcohol which is a major constituent of the
secretions from duck and goose glends was not detected in the preen
glands of the fowl. None of the three kinds of preen glands/
investigated contained cholesterol or lanosterol; =&all contained smell
amounts of glycerol end common fatty acids such =28 oleic, palmitic and
stearic acids.

Eckstein (78) hes made & comparative study of the cholesterol
contents of surfece skin "fats" from & number of enimals. Lederer (79)
has similarly investigated various skin secretions for their contents
of lanosterol. Whilst cholesterol was found in all secretions
investigated, lanosterol was present in the secreﬁions-of the sheep,
goat, llama and cemel and sbegent in those of man, ox, rabbit and hare.
Nijkemp (80) has estimeted quantitatively by paper chromatography the
individual volatile fatty acids in hair "fets" of man and some
animels. The volatile acids in dog's hair "fat" have been studied
in more detail by the same author (81) and found to consist mainly of

iso- and anteiso-pentanoic acids.

A group of animels possess so-called "SCENT" GLANDS, the
secretions of which have characteristic and very intense odours and
ettrect the opposite sex of the animel or in some cases repulse
enemies. The glands are conéidered as differentiated sebaceous glends
and are situéted in the region of the sexual organs; Extensive
research has been carriecd out on some of these glands, primarily
becauge of their contents of valuable perfume ingredients. Lederer
has reviewed this field (82). The cyclic ketoneé muscone and
civetone are obtained from the glands of the musk deer and civet
cat respectively. M"Scent" glands of the American musk rat, the
‘South American alligator, the skunk and the beaver heve also been
investigated. Castoreum, from the beaver, contains a variety of
compounds such as sterols, aromatic alcohols, phenols, aldehydes

and an amine.
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CHAPTER IV

EXPERIMENTAL

Melting points are corrected.

Ethanol is 96% unless otherwise steted.

ALectivated alupina for chromatography was prepared by heating
alumina (Peter Speﬁce, type H) at 4OOO for 24 hours with occasional
stirringe

The long X-ray spacings were measured on & Philips high-
anglé Gelger counter spectrometér.previously calibrated with a silicon
s@andard. Filtered Cu—Ku radiation wes used (A =1.941 2). The
specimens were prepared by melting then between two microscope slides
end allowing them to cool under slight pressures.

Ultra~violet absorption spectra were recorded with a
Bechman Quartz Spectrophotometer Model DU..

Infra-red sbsorption spectra were recorded with a Perkin
Elmer Spectrophotometer Model 12C; rock salt prism; path length
0.5 mm. Aliphstic slcohols (1.5% solution in 0014) were examined
in the 7.25u region for the presence of iso- and normel structures (64).
Unsaturated alcohols (1m5% golution in CSZ) were examined in the
10.55p region for trans-configurations and in the 10.lp ‘region for

terminel double bonds (83%).
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EXPERIMENTAL RELEVANT TO WOOL WaX.

Extraction of wool wax.

Merino wool (in batches of about 2 kg.) obteined from the
Grootfontein College of Agriculture and Experlmbnt Station,
Middelburg, Cape, wes dried at 60° and 20 mm. pressure for 16 hours

| (33.61 kg. dried wool) and subsequently extracted continuously for
8 hours with hot commercial "isoheptene" in a stainless steel
percolator; The extracts were left to stand until the suspended
golids saettled. The solutions were siphoned off, the sélids washed
with "isohéptane" and the combined solutions evaporated to give

crude wool wex (44975 kge)s

N\

Saponification and separation of scids and unseponifiable matter,

To & mixture of wool wax (in batches of 500 g.) and hexane
(500 ml.) et 40° was added with stirring a solution of KOH (85 g.)
in ethenol (1 1.). The mixture wes stirred at 400 for 24 hoursg.
To the saponified mixture was added ethenol (660 ml.) and water (1 1..).
The solution was shaken three times in a separéting funnel with
hexane (3 x21.) at 500. The combined hexane oxtracts, after
being kept overnight in a talltcylindrical separating funnel, were
separated from sediment and shaken with 60% ethanol (2 x 500 nil. ).
'Evaporatlon of the hexane solution ylelded extract I (131 g. ) The
above elcohol solutions were combined and extrected in & continuous
liquid-liquid extractor with hexane for 24 hours. The hexane extract
‘was'washed with 60% ethanol (200 ml.) and evazporated to yield
extrect II (59 g.). The alcoholic wash liquors were added to the
next batch of saponified wax. The total wax (7000 g.) saponified
yielded 38% of unsaponifisble matter (extractsll, 1825 g.; extracts
11, 829 g.)w |

The combined alcohoclic solutions of the soluble potassium
soapsvwere diluted with water, ecidified (H2804) and the fatty acids

gxtracted with ether. After drying (Na2804), the etheral extracts
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were eveporated to yield the mein ecid fraction. The yield

(45-47 g..per 100 g« of wex) was about 90% of the acids present inthe
wex because acids of low molecular weight which are very soluble in
water and acids with very high mole;ular weight which form potassium

soaps insoluble in 60% ethanol were isolated separately.

Isolation of glycols from the unsaponifiable metter by chromatography.

A typicel chromatogram wes run as follows Unsaponifieble
matter (500 g+ ) dissolved in wet.ether (8 1., saturated with water
ot 6°), wes pessed through a column of activeted alumine (5 kg.,t
15 ém. diemeter), and eluted with wet ether (24 1.) followed by ecther
containing 1% of 75% ethanol (20 l.) The eluate was collected in
fractions of 2 litres, Those containing the material most strongly
ad;orbed were enalysed by Kernovsky and Rapson's periodate titration
method (57) &nd those containing considerable quantities of diols
were amalgameted.

Commercial wool wax unsaponifiables ("Hartolan", Messrs.
Croda Ltd., 243 kg.) were chrometogrephed in this way to yield 6.1%
of crude glycols (141 g.)s The unsaponifisble matter ( extracts
I and II, 2.2 kg.) of wéxbfrom merino wool similarly gave 8.5% of

crude glycols (186 g.).

Preparation of methyl esters of the totel acids.

Wool wex acids (400 g.) in methanol (1.6 1.) conteining
HgsOA,(25 ale of 98%) were refluxed for 5 hours., The reaction

product wes teken up in ethsr, washed successively with water,

>
to yield methyl esters (382 Ze)e

a 2% solution of K2CO and water, dried (Na2504), and evaporated

Reduction of methyl esters with lithium eluminium hydride.

A sclution of methyl esters (100 g.) in dry ether (600 ml.)
7/
wes introduced dropwise with stirring into dry ether (600 ml.)

containing L[ialH (12 g.) and reflaxzédifor 2 hours. Excess

4
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LiAlH4 was destroyed with cold 5% HQSO The reaction product-(99;g;)

4. L ]
was recovered by extraction with ether. Two more batches of similar
.8ize were reduced; the totel methyl'esters (271 g.) yielded & mixture

of monohydric and dihydric alcchols (243 g.)

Isolation of glycols from reduced wool wax acids by chromatography.
: .

A solution éf reduced methyl esters (179 g.) in wet ether
(6 1.) wes passed through & column of activated aluminae (2.12 kg.,
10 x 35 cme. ) and cluted successively with ether (10 1.) and ecther
containing‘l% of ethenol (4 1.). Ten fractions of 2‘1itres were
collected, semples of which were evaporated to aryness. Appreciable
amounts of glycols were contained in fractions 7, 8 and 9 as
indicated by their slight solubility in ether. These fractions were

evaporated to give crude diols (35 g.).

Preparation of ethyl hydrogen glutarate.

Glutaric acid was synthesised according to Hesse and
Bucking (32): condensaﬁion of acrylonitrile (26 g.) and
diethylmalonate (80 g.) gave crude p-cyanoethylmelonic ester (45 g.),.
which on decarboxylation and hydrolysis geve crude glutarié acid
(27 g« ), crystallised from benzene/ether to m.pe 93—960'(1it., 97.5%).
Part of the acid wes esterified with abs. ethan&l and H2504 in the
” usuel way; ethyl hydrogen gluﬁarate (5 g.) was prepared according to

Organic Synthesis (31) from a mixture of gluteric acid, diethyl-

glutarate, dibutylether and HCl.

Preparation of -ethyl hydrogen azelate,

Azeleic acid (500 g.) wes reacted with abs. ethanol and

HZSOA in the usual way to give crude disthylazelate (628 g.). The

crude ester (314 g.) was fractionated at 1 mm. pressure through a

column equivalent to about 15 theoreticel plates. Fractions of

30
D

disthylezeleate (181 g.).

b.p37118—119o/1 e, n 1.4296-1.4300, wers combincd to give pure
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hccording to Walker (84) the diester (181 g., 0.742 mole)
in ethanol (750 ml.) containing the theorsticel amount of-KOH
(41.5 ge, 0.742 mole) was refluxed for 5 hours to yield ethyl -

30

hydrogen szelate (67 g., nj 1.4401) which was.separated by distilletion

(Found:  equiv. 214. Calc. for ethyl hydrogen azelete: equive. 216).
Unchenged diester (63 g..) wes recovered by distillation and similariy

reacted with KOH to yicld a second crop of half ester (21.2 g.)

(Found: egquiv. 218).

Preparation of ethyl hydrozen sebscate.

Crude sebacic acid was trected as described above for azelaic

acid to give diethylsebscate (b.p. 130°/1 mm., ng

© 1.4516—1.4520).
Diethylsebacate (254 g., 0,99 mole) in ethenol (1506 ml.)
conteining KOH (56 g.,'l mole) wes refluxed for 5 hours. The reaction
product (196 g.) was recovered in ether and distilled to yield ethyl
hydrogen sebacate (li5 g+) (Found: equiv. 237. Calc. for ethyl

hydrogen sebacate: equiv. 237).

Synthesis of 10-methylundecanoic ecid. -

‘ The‘anodic method es described by Linsteed (30) under

"Method B1" with dry methenol as solvent wes used.

3-Methylbutanoic acid (88 g., 0.86 molc), ethyl hydrogen azelate

(88 g., 0.41 rmole) and sodium (06 g., 0.03 ge-atom) were electrolysed.

lO~Methylundecanoic>acid (37 g, 45% based on the ethyl hydrogen

ezelate) was recovered by distillation (bep. 130°/1 mm. ).  After

crystallisation from ethenol it hed m.p. 41.4r41.5o and gave no
~depression of m.p. in admixture with the specimen (m.p. 41.4—41.50)

supplied by Dr. Weitkamp. X-ray long crystal spacing of the acid

was 23438 3.

Synthesis of 18-methylnonadecancic acida.

The anodic method was used. 10-Methylundecanoic acid

—

(34 g+, 0.17 mole), ethyl hydrogen sebacate (113 ge, 0449 mole) and
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sodium (0;5 ge, 0.0l ge.-atom) were electrolysed to yield
18-methylnonadscenoic acid (19 g., 36% based on the 10-methyl-
undecanoic acid), crystalliséd from ethanol to e Pe 75.5~75.6O,
alone or.-mixed with the speaimen (mfp. 75.5—75.50) supplied by Dr.
Weitkemp  (Found: - C, 76.6; 1, 12.9%; equiv.,l512. Calc. for
020H4002: C, 76¢7; H, 12.9%; equiv., 312.5).

The acid had X~rey long crystel spacing 57.52 2.

Velick (85) records long spécing 37.8 § for Weitkemp's (19) acid
from wool wax. The anmide, prepafed from ammonia and the .acid
chloride in dioxaene solution, was crystallised from acepone to

mepe 105.9-106.1° (Weitkamp (19), 105.1°) (Found: N, 4«5. Calce for
C2OH41ON: N, 4.5%)s . X-ray long crystal spacing was 36.70 g

(Velick (85), 36.8 &).

Synthesis of 2l-methyldocosancic acid.

The anodic method was used.  18-Methylnonadecanoic acid
(55 g+, 0.0175 mole), ethyl hydrogen gluterate (4.4 g., 0.027 mole)
and sodiwz (0,02 2., 0.0008 g.-atom) were clectrolysed to yield

2l-methyldocosanoic acid (0.75 gi, 12% based on the 18-methylnone-

decanoic acid).  Orystallisation from acetone and ethanol gave plates,
MePe 77.9-78.1°, X-ray long crystal specing 43.9 2 (Found: ¢, 78.0;
H, 13.2%; equiv., 353. 025H46O2 requires C,. 77.9; H, 13.1%;

equiv., 355). :

Synthesis of 19-methyleicosanoic acid.

!

18-Methylnonadecanoic acid (4.6 g.) was converted to the
ethyl ester (4.97 g+) and reduced with lithium aluminium hydride in
the usuzl way to give-18~methylnonqdecanol‘(4.26 g.), crystallised
from ecetone and hexans to meps 50-50.3° (Found: C, 80.5; H, 14.4.
Calc. for CZOH42O: C, 80.5; H, 14.2%). Murray and Schoenfeld (14)
. record imep. 50.50 for 18—ﬁethylnonadecanol obtaine@ from wool wax.

18-Methylnonadecanol (4 g.), iodine (2 g.) and red

phosphorus (0.16 g.) were heated for 5 hours at 145-150° with
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occasional shaking. An etheral extract of the mixture wes weshed
- with 5% alkeli and water, dried (CaClz) end evaporated to yield
18-methylnonedecyl iodide (5.3 g.), plates (from acetone),
mePe 41—450. A solution of the iodide (4.8 g.) and potassium
cyanide (1.6 g.) in 90% ecthanol (80 ml.) was refluxed for 24 hours.
Potassium hydroxide (10 g.) in water (10 uzl.) was edded and the
solution refluxed for 100 hours. The mixture, after dilution with
water, was extracted aﬁ 500 with hexane. The alcoholic layer was
rcidified (HC1l), boiled for 10 min. to‘drive off hydrocyanic aéid

/
and =xtracted with three portions of hexans at 500. The latter
hexene extracts combined were washed with hot water, dried (Na_SO )

2 4

and concentrated to 50 ml. 19~-Methyleicosanoic acid crystallised

as plates (2.9 g.). Recrystallised from zcetone, it had m. p.

. @] .
75.1—75.50, X-rey long crystel spacing 40.2 & (Found: C, 77.2;
H, 13.2%; oquiv. 326. 021H4202 requires Of 77.2; H, 13.0%;
equiv;, 327).

Craig counter—current distribution separation of & mono- and
dicarboxylic scid mixture. v

Pimelic mcid (0.15 g.) and 10-methylundecenoic acid (0.15 g«)
_were introduced into.tube No. O of & 25-tube steel counter-current
apparctus containing a two—phaée solvent system mede up from hexane
(100), acetone (25),Vethanol (13) and water (62) (figures in
parantheses denotevpérts by voluue). After 24 transfers had been
applied the contents af'the tubes were eveporated, giving pimelic

acid, m.p. 105-106°, in tubes 0-4 inclusive (peak in tube 1) and

10~methylundecanoic acid, m.p. 40—410, in tubes 20-24 inclusive

(pesk in tube 23).



EXPERIMENTAL RELEVANT TO HUMAN SE3UM.

Some methods of fractionation.

;

(2) Reversed-phase partition chrometography of fatty acids.

In order to have a wmethod for enalysis of shorter chein
fotty acids the chrometogrephic method of Howard end Martin (67, cf. 68)
was extended to effect the resolution of the six normel acids Cg‘to Gll
inélusive. The stetionary phase was 1iquid'paraffin'supporfed on
non-wetting kieselguhr and the moving phasé was equeous acetone. - The
described procedure (68) waé followed except that it was found
unnecessary for the present purposc to protect eluate end developing

solvent against atmospheric CO also, nitrogen was not purified

2}
before entering the titration vessel. The colwin was maintained et
tap water tewperature (18~220). For loading of the cdlumn, the acid
mixtures were usuelly dissolved in the developing solvent. It wes
necessary to prepare a mull only when the mixed acids differed widely
in chein length (such as 05 - 012)..

The efficiency of separation is illustrated by & chromatogram

A}

of a synthetic mixture of the normal acids C_ to 012 inclugive
7
(ebout 7 mg. of each), see Fig. 2 (p.27)s The 05 and 06 acids

(unresolved) were eluted with water, .C with 10% aqueous acetone

.
(10% acetone in water), Cg with 25%, Cg with 40%, C o with 45%,

C1 ‘with 50% and C,, with 55%. The eluate of thie particular

1
chromatogram was collected in 1.8 mle. samples and titrated with

0.02N alkali.

(b)  Fractional crystallisation of urea complexes.

This method was used for resolving umixtures which conteined
the acetates of a saturated normel, a saturated iso~ and an
unsatureted normel alcohol, all having the same number of carbon

atoms (cf. 15)..



_45_

The meterial (about 10 g.) wes dissolved (2% soln.) in
benzene containing 35% of abs. cthanol. Urea (in most cases 2 g.)
was added to the solution and dissolved under reflux. After
stending overnight at room temperature, the solution was filtered
from the precipitated urea complex.' The filtrate was ageain treeted
with urea (2 g.) to yield a second precipitate of urea complex.
This procedure wes continued until the precipitate consisted of uresa
only. The complexes were separately decomposed with water and the

acetates recovered.

(¢c) Chrometography on acid-weshed alumina.

Alunina (Peter Spence, Grade H) was washed with hot 2% H‘NO5
and then with warm water (distilled) and reactivated at 200°."

The unresolved mixture (ebout 0.5 g.) of an u)éhydroxy~este;
end an unhydroxylated ester dissolved in hexane (5.ml.) was passed
through a column (1 x 12 cm.) of acid-washed alumina (lO’g.) end
eluted successively with hexane (35 ml.), hexane containing 10% of dry
ether (40 mi.) and dry ether (80 ml.). The eluate was collected in
10 ml. frections which were evaporated and weighed. The unhydroxylated
ceter was conteined in the hexane eluste and the ) ~hydroxy-ester in

the ether eluate.

Extraction of sebum.

Scalp hair (28 kg.) from African (Bantu) meles was extracted
with commercial "isoheptene" in the manner described for wool wax

(pe38 ) to yield crude sebum (1450 Ze ).

Determination of the gross composition of sebum.

" A semple of crude sebum (100 g., not representative of the
total sample) in hexane (500 ml.) was rapidly extracted with a

Normal solution of KOH in 50% ethanol (20C mle.). -The alcohol

golution was repeatedly washed with hexaene, acidified (H2804) and
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the FREE 'FATTY ACIDS (33.05 g.) were recévered with éther,

The acidified alcohol solution was neutralised with barium
carbonate. The precipitated BaSO4 yas'removed by filtration; the
solution was eveporated to dryness to yield WATER-SOLUBLE
MATERTAL (153 g.), which conteined 93.5% ash by ignition.

The combined héxane solutions were evaporated to dryness.
The neutral meterial thus obtained was dissolved in ethenol (160 ml.)
conteaining KOH (8.5 g.) and the solution was kept at 40° for 24 hours
with stirring (seponification was complete under these conditions).
Water (110 ml.) was added and the solution extracted repeatedly with
hexanes  The combined hezene extracts were'washed with 50% alcohol
end ev;porated to yield UNSAPONIFIABLE MATTER (29.5 g¢)s

The combined alcohol solutions were acidified and the

"COMBINED" ACIDS (22.1 g.) were recovered with ether,

Counter-current distribution of the "combined" acids,

"Combined" acids (01558 gﬂ) were introduced into tube No. O
’of a 25ftube éteel counter-current apparatus conteining the solvent
systeu hexane/80% ethanol (l:l), After 24 transfers had been applied
phe contents of the tubes were evaporatéd and weighed., The bulk of
material was contained in tubes 12-24 (peak in tube 17) and about 12
in tubes 1-6 (pesk in tube 1). Determinations of active hydrogen
with LiAlHa(Bé) in n-butylether, were carried out on the material

of tube 17 and the' combined materiai of tubes 0-2 inclusive,

Maésgred evolution of hydrogen (at N.T.P.) per mg. of material :

tube 0-2 : 0.105 ml. H2

tube 17 : 0.0814 ml. H2

Assuming acids of same aVerage equivalent weight to be present in
tubes 17 and 0-2, the difference in active hydrogen between the two
semples can be teken as a measure of hydroxy-acids in tube 17 .

20% hyd -gcids.
0. 0817 9% hydroxy-ecids
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Exemination of the unsaponifiable matter (preliminary).

Chromatogrephy. Unseponifisble matter (29.3 g,) in

hexane (600 ml.) was passed through é column of activated elumina
(5bo'gl, 4 x 32 cm.) and eluted successively with hexane (4800 ml,),
pentene (1600 m;.) éontaining ether (800 @l.), wet ether (1800 =ml.),
ether containing 5% of ethanol (1200 ml.) and ether COntaininé 107
of ethanol (1800 ml.). The eluate was collected in 21 fractions of

600 ml. which were evaporated and weighed :

Frections 1 - 2 7.26 g« hydrocarbons

"o '5 -9 0.92

" 10 =16 13.35 " (eliphatic alcohols)
m 17 5.75 " (cholesterol)

N 18 -21 2.28 " (glycols) -

The hydrocarbon fraction was separated almost quantitatively.
There wes no sharp separation between aliphatic alcohols, cholesterol
end glycols,

Eydrocarbons. The combined chromatographic fractions 1

and 2 (6.25 g., iodine velue 102.6) in a mixture of chlaroform (10 ml.)
and benzene (10 ml.) vcontaining urea (6 z.) moistened with methanol,
was shaken for 2% hours. The precipitate was filtered.off end the
filtrate wes similarly treated twice with urea (2 x 6 g.). The
combined precipitates were decomposed in water and worked up in esther
to yield straight or slightly branched hydrocarbons (1.23 ge, iodine
value 62.5). The hydrocarbon fraction (4.86 g.) which was left

in the filtrate was recovered in the same way. The letter fraction

was distilled at 0.5 mm. pressure into four fractions

fraction bep. (%)  wt.(g.) iodine value
1 92 0.17 .62 |
2 120 0.51 3T 1
3 160 1.76 148
4 160-190 0.59 162

residue 1.6
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Fraction 4, in ether, wae hydrochlorineted with dry ECl according
tb Heilbron (87). The hydrochlorinated product, chrystallised from
scetone, melted at 112~1560_ (Found : C1, 28.46. Celc. for
C50H56016: Sl, 33.74). The thres isomeric hexahydrochlorides -«
of squalene melt at 107° 113° and 144° (87).

Cholesterol. The chromestographic fraction 17 was crystellised
(ethanol, methanol) to m.p. 148.5-149°, unchenged on admixture with
cholesterol (Found: C, 84.1; H, 12.0. Calc. for Coqll g0t Oy 83.9;

H, 12-0%). ’

Glycols. The chrometographic fractions 18 end 21 were

analysed for 1:2-dicls by the gravimetric periodate method of

Kernovsky and Rapson (57)+¢

Found : Fraction 18, 3.9% diols

Fraction 21, 5.8% diols

Assuming‘d% diols in fractions 19 end 20, the total emount of diols

in fractions 18-21 constitutes 0.35% of the unsaponifiable matter.

Separation of sebum into free acids, "combined" acids and unsaponifiable
matter.

A solution of crude sebum (l§55_g.) in hexane (8 1.) was
extracted in a separating funnel with 60% aqueous ethanol (4 1.)
conteining XKOH (200 g. ). The alcoholic extract, after being
continuously extracted with hexane, was acidified (H2SO4) and thevfree
acids (458 g.) were obtained by extraction with hexane. Further
extraction of the alcoholic solution with ether gave a derk resinous
material (24 g.). The combined hexane solutions which contained the
neutral meterial were evaporated to a smaller volume (2 1.).
Ethenol (2 1.) containing KOH (170 g.).was added and the mixture
stirred for 24 hours at 400. The acids released from combination
(285 g.) were separated from the unsaponifiable matter (533 g.) by
extraction of the letter with hexane frém a solution of the saponified

*

mixture in 60% ethanol (aqueous)s. A final continuous extraction




corbined and referred to as Fraction A) and residual frections

(160 g+ and 55 g. respectively) were obtained.

Igolation of cholestsrol viae its.oxalic acid complex.

The method used was essentially'that of Pickard and
Seymour (60)s  The zbove residual fraction (160 g.) which contained
cholesterol was dissolved in anhydrous bénzene (800 ml. ). Anhydrous
oxalic ecid (16 g.) was added end the solution refluxed for ohe hoﬁr.
The precipitated complex was filtered off the.next day and washed with
cold benzene;v It was decomposed with ethsnolic KOH solution end
- cholesterol (29 g«) was recovered in ether. The residual material
(125 gi), which wes recovered in the same way,>was combined with the
cholesterol-free résidual frection (55 g ) described in the previous

peregraph. This combined material is referred to as Fraction B.

Lcetylation of Fractions A (aliphetic alcohols) and B.

Fraction A (116 g.) waes heated with acetic anhydride (350 g.)
on a water bath for 4 hr. The excess of solvent was distilled off

under vacuum to give the acetates (133 gi)e A portion of Fraction B

was simileply converted to acetates’(BO Ze)e

- Distilletion of the acetylated Fraections 4 and B.

Two separate batches (30 g. and 103 g.) of the acetylated
Frection A were distilled at 1 mm. pressure through a Piros and Glover
micro séinning band column having an.efficiency of about 15 theoretical
plates (cf. 18). The distillation curve (A) for the 1argér batch
is éhown in Fig. I (p.22 ).’ 7 | |
The acetylatéd portion of Frection B (30 g.) was distilled
through the same column (curve B, Fige. I). Only about half of this

material distilled over below 2400/1 Mre

Isolation of six saturated normal alcoholse

By crystallisations (from methanol, ethanol or acetone,

o~

as suiteble) of the appropriate distilletion fractions (flats blé’



.016’ 018’ and Praction b of flat 020 (Fig. 1, p.22)) pure.acetates

of n~-tetradecanol, n-hexadecanol, n-octadecanol and n—eicosanol

were obtained. Impure n-tetracosanyl agetate wés obtained byk

crystallisation of frection f of flat 0247 Fractioﬁal érystallisatién
vof urea complexes was applied to fraction d of flat 022. The first

" two complexes obtained were recovered to yield an impure preparation

of n-docosanyl acetaﬁe. The ecetates were hydrolysed with ethanolic

KCH and ﬁhe recovered alcohols crystallised to purity (methanol,

ethanol, hexane, ether). Analytical data of the alcohols end of

four of the acetates are given in Tebles I and II (pp. 24, 25 ).

Isolation of three saturated iso-alcohols.

Fractioﬁsa, ¢ end e (Fig. I, p.22), combined with the )
corresponding distillation fractions fromths smaller batch (30 go) of
acetylated Fraction A, were separately fractionated by crystallisation
of urea complexes. Fractibn a (14 g.) was treated successively with
4 x 10 gi and 4 x 2 g« of urea. The acetate of 18-methy lnonadecanol
was recovered from the last (eighth) urea complex: the residue left
efter urea fractionation contained an unsaturated alcochol, as shown
by ite high iodine valus, but this residue was not used as a source
of n-eicos-~10-enol since é better source (ses below) was available.
Fractionsc (10 g.) and e (8 g.) were treated with 2 g. lots of ures
and aivided into 13 (numbergd'cl - ¢cl3) and 11 (numbered el - ell)
urea complexes reséectively. ~ Complexes ¢8 and e8 were decomposed
to give the acetates of 20-methylheneicosenol and 22-methyltricosanol
respectively.. The acetates were hydrolysed and the recovered iso~
alcohols crystellised to purity. Analytical data are given in
Table I (p.24). ?

Isolation and identificetion of three unsaturated normal alcohols.

n~Bicosg=10-enol. The single flat which was obtained by

distillation of Fraction B (Fig. I, p.22) contained the acetate of

~

an unsaturated u20 alcohol.
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A sample of the crude acetate was hydrogenated (palladium
on BaSO4 in glacial acetic acid) and took up 1.03 moles of hydrogen
(based on eicosenyl acetate). The hydrogenated samplée melted at
39 - 410. The acetate was saponified and the recovered alcohol
crystallised from hexane and then methanol to meps 64e2-64.6°
unchanged on admixture with authentic n-eicosanol (Found: C, 80.65;
H, 14.4. Galc. for I 80.5; H, 14,2%);

The total fraction of eicosenyl scetate (about 2 g. from
30 g. of ecetylated Fraction B) was saponified and the recovered
2leohol (1.95 g.) crystallised from methanol at ~60° t0 m.p.
 23.5-24.4° (enelysis, sse Table I). Exeminetion of the infre-red
spectre revealéd that the alcohol had the gi§~cénfiguration end that
there we s no‘terminal double bond or terminal iso-group.

| The elcohol (1.3 g.) was oxidised with performic acid in
acetic anhydride according to Fietelson‘s method (65) for the oxidation
\ of oleyl alcohol. The oxidation product was seponified to give
crude trihydroxyeicosane (1.29 g4 ). Crystallisation from a mixture
of hexane end methenol and from mixed ether and methanol gave
trihydroxyeicosane of m.p. 86.0—86.50 (Found: C, 72.9; H, 12.9.
Oalc. for 020342055 C, 72.7; H, 12.8%).. '

This product combined with & less pure second crop from the
mother liquors (1.0 g.) was oxidised in benzene solution with leed
tetre-acetate and e stream of air according to Mendel and
Cocps (66, cf. 18). The recovered acid reaction product (0.28 2e)
was esterified with methenol/sulphuric escid end the mixed esters (0.27 g.)
wers sseparated by chrometogrephy on acid-washaed alumine into
unhydroxylated estor (0,089 g.) End¢u<;hydroxy~ester (0.124 go)s

The unhydroxylsted ester was hydrolyssd to give the scid
(0.080 g.). A portion of this acid (*9umg.) wes exemined by
reversed~phase partition chrometography and & single peak was
obtainad with no ﬁraces of neighbouring homologues. A seeond
chromatégram wes run with the unhydroxyleted acid (4 mg.) in

“edmixture with euthentic n~decenoic ecid (4 mg.). The total
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material wes eluted in a single peak and the unhydroxylated acid was
therefore n-decanoic acid.

The W -hydroxy-ester (0.124 g.) was saponified to give the
acid (0.116 g.)s The acid (in 40% aqueous acetone) was passed
through the chromatogfaphic column in order to free it from any

‘admixed unhydfoxylated acid. The recovered acid was crystallised from
& hexene/benzene mixture to m.p. 69~69.5° (10-hydroxydecanoic acid
75-76°, Chuit end Heusser (88)). The acid was dissolved in aqueoﬁs
alkali and oxidised with permenganate (5% aqueous) at 50°.  The
oxidation product was worked up in ether and crystallised ffom water
and extracted with boiling hexane to give a product of m.p. 127-129°
(raised to m.p. 150-—152O on adnixture wiﬁh sebacic acid of m.p. 1550)
(Found: ©C, 59.8; H, 8.4. OCalc. for C. H .0t O, 59.4; H, 9.0%).

10187°4°

C. and C dibasic acids and of the acid

8’ 79 10

oxidation product and of the latter in admixture with authentic sebacic

Paper chrouatograms of C

acid, were run according to the method of Long, Quayle and Stedman (69),
except that the pepers were sprayed with bromophenol blue and citric

acid (70). The Cg dibasic acid gave an Rf value of 0.46; »C9 ecid,

0.51; ClO acid, 0.61; oxidation product, 0.57; a mixture of the

oxidetion product and C, . acid gave a single spot of Rf value 0.58.

10

n-Docos~l2~enol. As already described, fractioh ¢ of

distillation flet C (FPig. I, pe22) wes divided into 13 urea complexes.

22
The acetate which waé recovered from complex cl2 was hydrolysed to
give an unsaturated 022 alcohol (see Teble I, p.24). The alcohol
had the gigfconfiguration és shown by its infra-red absorption
spectrum and there was no terminal double bond or terminal iso-propyl
group.

A samplé of the alcohol Qaé hydrogenated and took up 0.88
woles of hydrogen (based on docosenol). The recovered hydrogenaﬁed
sample waé crystellised from ether to meps 70.1-70.2°, unchanged
on admixture with authentic n-docosanol (Found: C, 81.0; H, 14.3.

Calc. for C C, 80.9; H, 14.2%).

22H46O:‘
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A breparatioh of docosenol (conteining also some
20—methy1heneicosaﬁol) weg obtained from the combined uree complexes
cll - cl3 and the most pentane-soluble part of'the recovered alcohols
from domplexes c9 and clQ. This meterial (1.55 g+ ) wes oxidised
with.performic acid and the prbdﬁct seponified to give trihydroxy-
docosane (1.27 g;). Crystellisation from ethyl gcetate, followed
. by many extractions with boiling hexane to reﬁéve nonohydric alcohol
and one crystallisation from ether, geve fine prisms, m.p. 87.4-88.10.
(Found: C, 75.'95 H, 12.7. Celc.. for 022H4605‘ C, 73.7; H, 12.9%).

This product was combined>with'a second crop obtained from
the mother liquors (totél 0.66 g.) and oxidised with lead tetra-scetate
and air. The recovered acid reaction product (0.52 g.) was converted
into the methyl esters (0.43 g.) and the latter were chromatographed
on acid~washed alumina tovgive unhydroxylated ester (0.15 g.) and
(> ~hydroxy-ester (0.2 g.).

The acid (0.093 ge) which was recovered from the unhydroxylated
ester wes examined by:reversed~phase partition chromatography end found
to be n-decanoic acid with no traces of neighbouring homologues. A
mixed chromatogram with authentic.n~decanoic ecid confirmed this. The
acid which was recovered from the first chromatogram was converted into
its p~bromcphenécyl ester which was crystallised from aqueous ethanol
t0 mepe 65.1-65.4° (p-bromophenacyl n-decanoste me.pe 66°, Hopkin and
Williams (89)).'VAdmixture with aﬁthentic.p~bromophenaéyl‘n—decanoate
gave no depression of the-melting point, whereas authentic
p-bromophenacyl n—nonanoaté depressed the melting point considerably.

The & ~hydroxy~eéter (0e2 go) was crystallised from pentane
to m.p.'§§.1~5§.80 (methyl 12~hydroxydodecenosate m.p. 54&54.50,_Chuit
end Hausser (88)). ChromatOgraphy of the ester on acid-weshed elumine
followed by crystallisation from pentane failed to raise the .melting
point of the ester. The ester was saponified and the recovered
uJ—hydroxy-acid crystallised (benzene, hexane/ethyl acetate) to
@ P 78.1—8lf70 (l2—hydroxydodecanoic acid m.p. 84-85°, Chuit and

Heusser (88)).
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n-Tetracos-14-enol. Ags described before, fraction e of

distilletion flaf{024‘(Fig. I, p.22) was divided into eleven urea
‘compléxes. "The acetate contained in complex elO was saponified to
give an unsaturated‘024 alcoho1. Thg elcohol was crystallised
(methanol,'acetone, benzene) to m.ps 43.3-43.5° (see Table I)e The
infre-red ebsorption spectrum proved the alcohol to have the
cis-configuration and that no terminal double bond or iso-propyl
group was present.

& sampie of a less pure preparation of the alcohol
(mepo 41.6—42.00) was hydrogenated and took up 1.06 moles of hydrogen
(besed on tétraéosenol). The hydrogenated sample wes recovered énd
crystallised from ether to mep. 75.1—75.50, unchanged on admixture
with authentic n—tefrécosanol (Found: C, 8l.2; H, 14.4. Calc.
for 02411500: C, 8ls3; H, 14.1%). | |

A preparation (1«6 g) of tetracosanol (containing some
22—methyltricosanol)‘was obtained from the Qombined urea‘complexes
~e8 - ell's  The meteriel was oxidised with performic“acid and the
product saponified-tovgive trihydroxytetracosane (1.5 g. ), crystaliised
from hexane, cther at —250, and methanol to ﬁ.p. 89~90.49 (Found :

C, 74+5; H, 13.1. Oslc. for 0o tingOst Or 74553 H, 15.0%).

A less pure preparation of trihydroxytetracosane (0.95 gy )
was oxidised with lead tetrg—acetate and eir and the acid oxidation
products (0.56 g.) were converted to the methyl esters (0.5 ge)e
The esters were chromatographed on acid-washed alumina to give
unhydroxylated ester (0.15 g.) and 3 -hydroxy-ester (0.2 g.).

The unhydroxylated ester was hydrolysed to the acid (65 ng.),
aﬁd the latter was examined by chromatography on the reversed-phase
colunns, A small fraction of the totél material (10—15%) was eluted
with /5% ecetone and the rest of the material with 50% acetone. The
acid conteined in the second peak Waé recovered and converted into
its p—~bromophenacyl estér, Meps 6543-65.5° (p-bromophenacyl n-decanoets,
meps 66°) (Found: Br, 21.5. Cale. for C,oH..0,Br: Br, 21.7%),

1872575

unchenged on admixture with an authentic specimen of p-bromophenacyl



- 56 -

n-decanoate. Confirmetion that the unhydroxylated acid fraction was
substantially n-decanoic acid wes obtained by & chfomatogram of this
meterial admixed with authentic n~decanocic acid. The smeller fraction
of the unhydroxylated ecid material which wes eluted in front of
n-decanoic acid waé recovefed and melted at 400.

The @ ~hydroxy-ester (0.2 g.) was crystallised from hexane
to\m.p. 41.7-43%.0°. The ester was saponified and the recovered acid
crystallised from hexene to m.?. 75~85.5° (14~hydroxytetradecanoic
~ acid, m.p. 91—91.50, Chuit and Hausser (88)) (Found: C, 68.85;

v

H, 1l.6. Calc, for C_ H 0.t C, 68.8; H, 11.55%). The 2cid in
: L ag05F O 5 H, 11.55)
45% aqueous acetone was passed through the reversed-phese coluun, but

there was no improvement in the melting point of the acid recovered

from the eluate.

Identification of chrysene and enthracene from sebum.

The acetylated Fraction B (5O~g.)Aof the unsaponifiable
matter had been divided into 13 fractions end & residue by distillation.
All fractions and the residue fluoresced in ultra-violet light.‘ Small
amounts of crystals deposited in fractions 1-3 and 8-11.

The cryétals of frection 9 (b.p. 198-205°/1 wmm. ) were
filtered off (m.p. 249°) end crystellised from methanol/benzene to
green plates of m.p, 255.50, mixed ﬁelting point with authentic
chrysene 255.5~255.50, the 2,4,6-trinitrobenzene derivative (prepared
in ethanol) melted at 186-187°, unchenged on edzixture with suthsntic
chrysene trinitrobenzene derivative. The\yltra—violet absorption
spectrum of the isolated chrysene wes recorded quentitatively in
ethenol (Fig. 3, p.32).

The crystalline precipitate of fraction 1 above
(beps 125-140°/1 mm.) was filtered off and washed with cold methanol,

. ePe 2050. There was insufficient material for recrystallisation.:
The ultra-violet absorption spectrum was recorded quantitatively

_in ethanol (Fig. 4, p.32). The trinitrobenzene derivative, prepared
from ethanol, melted at 162.5~l650; the mixed m.p. with authentic

anthracens trinitrobenzene derivetive was 165—165.20.
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Table IV. Chromatogrems of "synthetic unseponifieble matter®.

Silica Alumina
Frec— ‘
tion |Solveht | Wt. of Recovered Wt. of Recovered
Noe frac— chry- anthra-; frac- chry-  anthra-
g tions sene cene tions sene cene
(mge) | (mg:)  (mg.) (mg.) | (mge)  (mg.)
1 Hexane 0 22.9
2 " 96.8 0.01 0.06 124.6
3 L ' 150.8 0.57 0.53 131.2
4 o 173.7 0.39 0.26 7.1
5 f 61.8 . 0.04 0.01 0.6
5 L 3942 0.01 0.6 ~
7 Benzene | 29.5 0.5
8 " 132.8 445 1.07 0.42
9 ! 72.5 51.4 0.04 0403
10 " 9445 37.8
11 " 71.8 28.8
12 Ether 46.0 55«1
15 t 23.5 102.4
14 " 12.3 58.9
15 h 1.3 39.4
16 " Oe3 - 23.0
17 Ethanol/ 0.8 25.7
18 _&ther 7.8 268.7
19 1 (1:1) | 2.3 2.9
20 " 1 5
21 U T 0.8

Chrysene end anthracene as recovered from the silica column

wzre conteined in about five frections which conteined also ebout 507

of the total "unsaponifiable matter". .

The elumine column proved

far superior for the isolation of these hydrocarbons which from this

column were recovered substentially in one fraction.

This fraction

contained only 0.5% of the totel "unsaponifiable matter!.

The incomplete recovery of anthracene from the chromatograms

(see Table IV) wes epparently caused by evaporation of this substance

when the chromatographic eluates were evaporated and dried :

enthracene (0.1 mg.) in ethanol (10 ml.) was evaporated on & water-

bath until only a few drops of solution were left in the flask.

The contents of anthracene in the flask were then 0.04 mge; i.e.

cas 60% of the enthracene had evaporated. It was found that the

golvent could be evaborated at 500 and 20 mm. pressure and the
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sample dried for a further half hour under the same conditions

without eany appreciable loss of anthracene.

Penanthrene, pyrene and fluoranthene from Bantu sebum by the
chromatographic method. ' '

Unseponifiable matter (1 ge) of Bantu sebﬁm was chromato-
graphed on a column of activated alumina as described for "synthetic
unsaponifiable metter" in the preceding paregraph. The eluates
corresponding to fractions 6, 7 end 8 of Table IV and an enalagous
fraction from a similiar chromatogram of sebum unseponifiables were

combined (total 68 mg.) and rechrometographed on alumine (10 g.,

1 x 12 cm.) es follows

—

Volume per fraction

Frection no. Solvent (ml.)
\ 1 hexane 30
2 hexane/benzene (10:1) 30
5 f ] 10
4-5 ! (5:1) 10
6__15 f n 5
14-20 " (5:2) . 5
21-32 n (1:1) 5
33-36 benzene 10
37 ethanol/ether  (1:1) 50

The eluates,which were evaporated to dryness, in mdst ceses weighed
only a fraction of a milligram. Fractions 3-37 fluoresced in ultre-
violet light. Ultra~violet spectra of the elustes were recorded
and these indicated the presence of phenanthrene in fraction 4,
pyrene.in fractions 5 end 6 and fluorenthene in fractions 8~10.

The combined fracfions 3 and 4 were rechromatographed on
a reversed-phese column of non-wetting kieselguhr (10 g.) with
heptane as stationary phase end 50% squeous ethanol eas mo&ing phase.ﬂ
Some purification of the phenanthrene was achieved, but the quentity
obtained was too small for the recording of its ultra-violet
absorption at the longer wavelengths.

The recorded spectra (in ethanol)of the purified phenanthrene
and the above fractions 5 (pyrene) and 9 (fluoranthene) are given

* The application of this method for purification of polycyclic
hydrocarbons was adopted from Dr. P.R. Enslin cof this leboratory.
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in Fig. 57 (pp. 33 & 54) together with the spectra of the
corresponding pure hydrocarbons (71). The meximum quentities of
hydrocerbons which were present in the respective chromatographic

fractions are calculated from the absorption intensities

phenanthrene in fraction 4 : 0,05 mge
pyrene in fraction 5 : 0.6 "
fluoranthene in fraction 9 : 0.3 "

Polycyclic hydrocarbons'in gsebum from people of European stock.

N

European hair was collected from a ladies' hairdressing
saloon in Pretorisa. Care wes taken to include hair only from
customers who used no heir dressings of any kind. The extraction
of ssbum, saponification end isolation of unsaponifiable metter
were carried gut as\previously described for Bantu sebum. The
unsaponifiable mstter (5 g.) was chromatographed on activated elumina.
All except the first fractions which Were'eluted with hexene
fluoresced in ultra-violet light. The ultra-violet spectra of some
of these fractions indicaeted the presence of nmixtures of polycyclic

hydrocerbons.
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SUMMARY

(1) The chemistry of wool wex has been reviewed and the present
advances to which the esuthor has contributéd are included. The
latter are investigations into the dihydric alcohols and o ~hydroxy-
acids and the syntheses of some iso=-acids which occur in wool wax.

Five dihydric alcohols have been identified : n-hexedecane=,
16-methylheptadecene~, 18-methylnonadecane~, 20-methylheneicosane--and
" 22-methyltricosane-1l:2-diols.

Five a-~hydroxy-acids have been identified
2-hydroxy-n-dodecanoic, 2-hydroxy-n-tetradecanoic, 2-hydroxy-
n-hexadecanoic, 2-~hydroxy-n-cctadecanoic andv2~hydroxy~16—methyi—
heptadecanocic acids.

Five iso~acide have been éynthesised ¢  8-methyl-nonanoic,
_lo-ﬁethyl—undecanoic, l2-methyl~tridecanoic, l6-methylheptadecanpic

and 18-methylnoncdecanocic acids.

(2) The chemistry of human sebum hes been re&iewed. The present
study concerns the aliphatic alcohols and a group of polycyclic
hydrocerbons which occurred in sebum.

Twelve alcohols were identified : n—tetradecanﬁl,
n-~hexadecanol, n-~octadecanol, n-eicosanol, n-docosanol, n=~tetracosanol,
18-methylnonadecanol, ZO—ﬁethylheneicosanol, 22-nethyltricosenol,
n~eicoe-~10-enol, n-docos~l2-enol and n—tetracos-14~énol. The three
unsaturated elcohols have not been described before.

Trece amounts of polycyclic hydrocarbons were found in sebum;
these are believed to originate from atmospheric soot. Chrysene and
anthracene were identified; the presence of phenanthrene, pyrene

and fluoranthene was strongly indicated.

(3) ) In order to provide a method for the anelysis of small
emounts of shorter chain fatty acids, the reversed-phase partition
chromatographip method of Howard and Martin for the enelysis of 012 to
C_, acid mixtures was extended to include the separaﬁion of the six

18

normel fatty acidse 06 to Cll inclusive,
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POLYCYCLIC HYDROCARBONS IN HUMAN HAIR
WAX

By F. W. Hougen

National Chemical Research Laboratory, South African Council for
Scientific and Industrial Research, Pretoria

The recent communication of Cooper and Lindsey! who
found a wide variety of polycyclic hydrocarbons in atmospheric
soot, prompts us to record some recent observations.

A large sample of human hair wax was obtained by extraction
of the hair from many Bantu (negro) people living in Johannes-
burg. The wax was saponified. After removal of the paraffins
and most of the fatty alcohols and cholesterol from the non-
saponifiables (chromatography, urea complex formation, oxalic
acid complex formation), the.residue was distilled in vacuo.
After standing, several fractions deposited crystals showing a
strong fluorescence in ultra-violet light. The crystals from a
low and a high boiling fraction (b.p. 125—140°/1 mm, and
198—205°/1 mm.) were isolated and had ultra-violet spectra
indicating that they were most probably anthracene and chrysene
respectively; this evidence alone does not exclude closely related .
analogues (e.g. 3-methylchrysene).

In separate experiments the non-saponifiables were chromato-
graphed on alumina. The fluorescent fractions (in ultra-violet
light) were rechromatographed and the ultra-violet spectra of
the resultant sub-fractions were recorded. Indications of the:
presence of phenanthrene, pyrene and fluoranthene were thereby -
obtained?; in addition other polycyclic hydrocarbons were
shown to be present.

Hair wax from people of European stock living in Pretoria is
being similarly investigated. Polycyclic hydrocarbons were
found in this material also, although in smaller quantity.

From the variety of polycyclic hydrocarbons found, it seems
unlikely that these are all metabolic products. - In view of the
recent work of Cooper and Lindsey,! a more plausible explanation
is that the hair acts as an air filter and is, therefore, a good collec-
tor of atmospheric soot. Natural or added grease on hair
surfaces would tend to retain this soot. We intend, neverthe-
less, to seek further ev1dence as to the origin of the polycyclic
hydrocarbons.

The author thanks Dr. D. A. Sutton for his interest in the
work and the South African Council for Scientific and Industrial
Research for permission to publish this communication.

Received January 4, 1954
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CONSTITUTION OF THE HYDROXYACIDS OF
: WOOL WAX

By D. H. S. Horn, F. W. Hougen and E. von Rudloff

National Chemical Research Laboratory, South African Council for
Scientific and Industrial Research, Pretoria, South Africa

Earlier investigations 2 3 4 of the acidic fraction of wool wax
have shown the presence of small quantities of hydroxylated
fatty acids. Thus Kuwata? obtained impure n-2-hydroxy-
hexadecanoic acid in a yield of 7%, of the mixed wool wax acids.
Later, the presence of this acid was confirmed by Weitkamp?,
who isolated it in 49, yield of the acids distilled. The latter
author also isolated #-2-hydroxytetradecanoic acid in a 0-29%,
yield. On the other hand, Bertram® has inferred from analytical
data that ¢ the hydroxy acids are not only the most characteristic
acids but also constitute the major part of them”

' Table I .
Per M.p. °c. M.p. °c. [edo
~ centage Present study Literature = CHCI,
a-Hydroxyacid of Me Me acid
mixed Acid Ester Acid  Ester
’ acids

1. n-2-Hydroxy-

dodecanoic

acid

(n-a-hydroxy- )

lauric) .. 06 78-78-5 24-25 - —_ —_— —2-8°
2. n-2-Hydroxy-

tetradecanoic

acid

(n-o-hydroxy- S
~ myristic) 3-8 88-2 348 88-5? —  —=3-1°
3. n-2-Hydroxy- :

hexadecanoic

acid 86-87% 45-62%

(n-a-hydroxy- ) )

palmitic) . I18-8  93'S  45°5-45'7 936> 45-6° —3-2°
4. 2-Hydroxyocta-

decanoic  acid .

isomers )

(a-hydroxy-

stearic isomers) 4-6 76-5~77°S 38 5-39'5 — —_  —3-8°

Total . 278
a

The present study of the acidic fraction of wool wax extracted .
from merino fleeces has revealed the presence of nearly 30%, of
hydroxylated fatty acids. The major components of this
mixture of hydroxyacids have been characterized in two ways.
In one, the mixture of hydroxyacids has been separated almost

* quantitatively from the unhydroxylated acids and resolved into

its several components by means of the Craig solvent distribution
method, and in the other, the total mixture of esterified acids
has been converted with lithium aluminium hydride to the
corresponding alcohols, the dihydric alcohols separated from the
monohydric alcohols by chromatography on activated alumina,
and finally the mixed diols resolved by fractional distillation of
their acetates at reduced pressure in the manner described
previously.® In this way, the presence of the laevorotatory
a~hydroxyacids shown in.Table I has been established.

The mixture of 2-hydroxyoctadecanoic acid isomers has not

" as yet been resolved into its puré components, but it has been

deduced from an infra-red examination that the main isomer
present is 16-methyl-2-hydroxyheptadecanoic acid. It is sus-:
pected that the other isomer present is #-2-hydroxyoctadecanoic
acid. .

Besides the above acids, a small quantity of much higher
molecular weight hydroxylated acids, similar to those described
previously, %7 were also isolated. However, the material
proved to be a complex mixture and has not been further
investigated.

The authors thank Dr. W. S. Rapson and Dr. D. A. Sutton
for their interest in the work and the Council for Scientific and
Industrial Research for permission to publish this preliminary
note. The investigation constitutes part of a project sponsored
by the South African Wool Board.
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THE ISOLATION OF SOME HOMOLOGOUS HIGHER
MOLECULAR WEIGHT GLYCOLS FROM THE
UNSAPONIFIABLE FRACTION OF WOOL WAX

By D. H. S. Horn and F. W. Hougen

National Chemical Research Laboratory, South African Council for
Scientific and Industrial Research, Pretoria

A chromatographic separation of the unsaponifiable material
of wool wax has revealed the presence of an interesting new
series of organic components. These substances, now charac-
terized as alkyl-1 : 2-diols, have been isolated from that portion
of the unsaponifiable material which is relatively strongly
adsorbed on activated alumina from an ether solution, by
frdctional distillation of the acetate of this material through a
small spinning band fractionating column. Under similar
conditions of operation, this still has been found to have an

Reprinted from Chemistry and Industry, 1951, p. 670

that of the natural C; diol. It, however, showed a considerable
melting point depression with the corresponding natural diols
indicating that the natural compounds are not of the same series,
although the X-ray long spacing measurements suggest the two
molecules to be of similar length. It seems likely, therefore,
that the alkyl chains of these natural diols may have a single
methyl branch, as occurs in the iso and anteiso fatty acids present
in wool wax®. In this respect, it is interesting to note that the
curve of the melting points of the natural glycols plotted against
the carbon content passes through a minimum at C;, for melting
point curves exhibiting maxima and minima were also encoun-
tered in the case of the iso and anteiso fatty acid amide melting
point diagrams.*

The combined diols were first isolated in about 29 yield from
commercial wool wax unsaponifiables,® but have since been
obtained in about 4-59%, yield from a sample of the unsaponifiables

Table 1
B.p. 1 mm. 9%, Acetyl 94, Carbon 9% Hydrogen
Proposed acetate formulae +0-05 mm, M. °c. Found Calc. Found Calc, Found Calc,
C3oHsa Oy 173—5
20H4204 189—90 16—7 231 23-2 712 713 116 I1-4
CeeH, 6O, 209—211 . 26—7 21°9 21-6 7265 72°3 117 116
26H 500, 220—222 33°3—33°8 204 202 732 732 119 11-8
28540y . 232°5 37°5—38-5 19-0 13-9 74°1 739 120 120
2-dxacetoxy-n—octadecane (synthetlc)—-
CyH, 3O, .. 192 38-5—38-7 233 23°2 71§ 713 116 114
Table II
X-ray long
Proposed diol formulae M.p. °c. 9% Carbon % Hydrogen Mol. Weight spacing
Found Calc, Found Calc. by HIO, Calc. d {a)
C1eHsOs 83-7—84°4 746 744 13-2 13-3 261 258 367
1851305 74°'0—75 75°8 755 13°4 13:4 288 287 40°6
20H4203 .. . . 80-5—81-0 76+6 764 136 135 322 315 445
224602 84:0—84"5 771 77°1 13-6 135 342 343 48-6
2aH 500, .. R 85-5—86-0 781 778 136 136 360 371 52-3
n-octadecane-1 : 2-diol (synthetic)-—
CsH;0, .. .. .. 81:0—81-8 75°6 75°5 135 13°4 285 287 404
efficiency equivalent to about fifteen theoretical plates. The test prepared from the wax extracted from a local merino fleece.

mixture, n-butyl azelate and n-butyl phthalate of Williams!
was used.

For analysis the five main fractions were crystallized to purity
from methanol. The pure compounds crystallized from this
solvent in needles. No appreciable optical activity was found.

The properties and analyses of the five pure acetates are
summarized in Table I.

The respective acetates were saponified to yield the corres-
ponding diols, the properties of which are summarlzed in
Table II.

The molecular weight of each diol was found by oxidation
with periodic acid according to the method of M. L. Karnovsky
and W. S. Rapson.?2 Under these conditions, each diol was
found to yield nearly one equivalent of formaldehyde, thus
identifying them as 1 : 2-diols.

For comparison with the natural diols, #-octadecane-1 : 2-diol
was synthesized. It was found to have similar properties to

T. Kuwata and M. Katuno® have also reported the presence,
in wool wax unsaponifiables, of a dihydric alcohol, for which
they propose the formula C21H40(0H)2

The authors thank Mr. F. W. G. Schéning for carrying out
the micro-analyses, Mr. L. Schomng for measuring the X-ray
long spacings, Drs. W. S. Rapson and D. A. Sutton for their
interest in the work and the Council for Scientific and Industrial
Research for permission to publish this preliminary note.
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710. Wool Wax. Part IV.* The Constitution of the Aliphatic
Drols.

By D. H. S. Hor~x and F. W. HouGeN.

Five alkane-1: 2-diols have been isolated from the unsaponifiable frac-
tion of wool wax by chromatography and distillation at reduced pressure.
They are identified, from infra-red studies and by degradation to fatty acids
of known constitution, as #-hexadecane-, 16-methylheptadecane-, 18-methyl-
nonadecane-, 20-methylheneicosane-, and 22-methyltricosane-1 : 2-diol.

KuwaTta and Katuno (J. Soc. Chem. Ind. Japan, Suppl., 1938, 41, 227) isolated from
the unsaponifiable fraction of wool wax a dihydric alcohol, m. p. 79—80°, for which they
proposed the formula Cy,,H,(OH),. During a chromatographic study of the unsaponifi-
able fraction of wool wax on activated alumina, we isolated a similar material from. the
most strongly adsorbed fraction. However, attempts to purify it revealed that it was a
complex mixture of closely related compounds, differing principally in molecular weight.

Oxidation with lead tetra-acetate yielded formaldehyde, characterised as its dimedone”
compound, and a mixture of aliphatic aldehydes which was readily converted, on mild
oxidation, into the corresponding saturated fatty acids. These preliminary investigations
established the main components as alkane-1 : 2-diols (Horn and Hougen, Chem. and Ind.,
1951, 670). Murray and Schénfeld later (J. Amer. Oil Chem. Soc., 1952, 29, 416) also
reported the isolation of some diol fractions.

Initially, the diols were prepared in 29, yield from commercial wool wax unsaponifi-
ables (“ Hartolan,” Messrs. Croda Ltd.). Subsequently, they were obtained in 4—5%, yield
from the unsaponifiable material prepared from wool wax extracted with isoheptane from
merino wool, kindly supplied by the Director of the Grootfontein College of Agriculture
and Experiment Station. To avoid the production of artefacts (Daniel, Lederer, and
Velluz, Bull. Soc. Chim. biol., 1945, 27, 218), saponification of the wax was carried out at
40°. The unsaponifiable material was separated, almost quantitatively, by a method
similar to that of Barnes, Curtis, and Hatt (Austral. J. Appl. Sei., 1952, 3, 88).

After the failure of attempts to resolve the diol mixture by fractional crystallisation and
chromatography, the acetylated material was fractionally distilled at reduced pressure in
a spinning-band microstill. In the initial stages of the work, the acetylated mixture was
distilled without a break (Fig. 1). Later, with more material available, it was more pro-
fitable to fractionate it roughly at a low reflux ratio into several arbitrary fractions, redistil
each fraction more thoroughly, and combine appropriate distillates. In this way, decom-
position was reduced to a minimum. Finally, the main components were separately dis-
tilled. This lengthy procedure was necessary because chromatography and crystallis-
ation failed to remove completely the long-chain alcohols, the presence of which greatly
complicated the separation of, especially, the higher components (see Fig. 1) and made it
impossible to calculate accurately the relative propertions of the diols present.

The following pure diols were obtained by saponification and crystallisation of the pure
fractions: #-hexadecane-, 16-methylheptadecane-, 18-methylnonadecane-, 20-methyl-
heneicosane-, and 22-methyltricosane-1 : 2-diocl. No other diols could be detected: if
present, they occurred only in very small amounts and were lost in the intermediate
fractions or did not survive the lengthy distillation.

The structures of the individual diols were determined by direct oxidation with an excess
of lead tetra-acetate in a stream of air (cf. Mendel and Coops, Rec. Trav. chim., 1939, 58,
1140) to the corresponding fatty acids having one methylene group less than the parent

* Part III, J., 1953, 98.



diols. The acids produced were compared with synthetically prepared acids of known
structure.

(+)-n-Octadecane-1 : 2-diol required for comparison was synthesised from 1-octadecene
(Wibaut, Rec. Trav. chim., 1948, 67, 113; cf. Minoru ¢f al., J. Chem. Soc. Japan, 1949, 52,
50; Chem. Abs., 1951, 45, 4635) by a modification of the method of Swern, Billen, and
Scanlan (J. Amer. Chem. Soc., 1946, 68, 1505).

The structures of the pure diols were further confirmed by making use of Thompson
and Torkington’s observation (Trans. Faraday Soc., 1945, 41, 246 ; cf. Sobotka and Stynler,
J. Amer. Chem. Soc., 1950, 72, 5139 ; Freeman,sbid., 1952, 74, 2526) that a doublet in the
1360—1400-cm.™ range of the infra-red absorption spectra -of alkanes is characteristic
of the ésopropyl group. Hexadecane-1 : 2-diol showed a single absorption band, identical
with that of synthetic (4)-octadecane-1 :.2-diol (Fig. 2), at 1380 ¢cm.”l. The other pure
wool wax.diols showed the characteristic splitting of the 1380 cm.”>'band (Fig. 2), and the
intensity of absorptien was that-expected for a single methyl branch.

The optical rotatiens of the pure diols could not be obtained with certainty because of
their low solubilities. However, in contrast to (+-)-octadecane-1 :2-diol, fhey formed
well-defined crystals and their diacetates had a slight dextrorotation. They have been
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correlated configurationally with the l&vorotatory hydroxy-acids which occur in the wool-
wax acid fraction (Horn, Hougen, and von Rudloff, Chem. and Ind., 1953, 106). "Thus on
reduction with lithium aluminium hydride (—)-n-2-hydroxyhexadecanoic acid * -and
(—)-2-hydroxy-16-methylheptadecanoic acid yielded diols, Tespectively identical with
n-hexadecane-1 : 2-diol and 16-methylheptadecane-1 : 2-diol obtained from the unsaponifi-
able :material.

EXPERIMENTAL

Crystal long spacings were measured as described previously (Part III, loc. cit). M. p.
determinations ‘were made with a heating rate of 3—4 min./degree in a ‘“Hershberg "’-type
apparatus. Standardised, 8-cm., immersion thermometers were used. _

The infra-red absorption spectra were obtained with the Perkin-Elmer spectrophotometer
model 12C. An approx. 2%, solution of the diol in carbon tetrachloride was run into a+0:5-mm.
rock-salt cell warmed with an infra-red lamp. In this way, the.diol could be kept in solution
long enough after the lamp had been switched off to.allow the absorption curve to be obtained.

Extraction of Wool Wax from Mevino Fleeces.—Wool (2—3 kg.) was dried for 16 hr. at 60—
70°/14—20 mm., and extracted for 7 hr. with isoheptane in a stainless-steel hot extractor.
After storage for several days, the cold extract was.decanted from the sludge and evaporated
to dryness. In this way, 83-61 kg. of dried wool yielded 4-975 kg. (14-8%) of wool wax.

Saponification and Isolation of the Unsapowifiable Material—To a mixture of wool wax
(500 g.)-and.hexane (500 c.c.), at 40°, was added, with stirring, a solution of potassium ‘hydroxide

* Genera numbering, CO,H = 1.



20-Methylheneicosane-1 : 2-diol. The foregoing diacetate was saponified. The diol crystal-
lised from hexane and methanol as plates, m. p. 84-0—84-4°, crystal long spacing 48-6 A (Found :
C, 77-1; H, 13:6%; M, 342. C,H,,0, requires C, 77-1; H, 13-5%,; M, 343).

Synthesis of 19-methyleicosanoic acid. 18-Methylnonadecanoic acid (Part III, loc. cit.),
reduced with lithium aluminium hydride in the usual way, yielded 18-methylnonadecanol,
plates (from acetone and hexane), m. p. 50—50-3° (Found : C, 80-5; H, 14-4. Calc. for C,,H,,0:
C, 80'5; H, 14-29%,). Murray and Schoenfeld (J. Amer. Oil Chem. Soc., 1952, 29, 416) record
m. p. 50-3° for 18-methylnonadecanol obtained from wool wax.

18-Methylnonadecanol (4 g.), iodine (2 g.), and red phosphorus (0-16 g.) were heated for
5 hr. at 145—150° with occasional shaking. An ethereal extract of the mixture was then washed
free from acid, dried (CaCl,), and evaporated, to yield 18-methylnonadecyl iodide (5-3 g.),
plates (from acetone), m. p. 41—43°. A solution of this (4-8 g.) and potassium cyanide (1-6 g.)
in 909, ethanol (80 c.c.) was refluxed for 24 hr. Potassium hydroxide (10 g.) in water (10 c.c.)
was then added and the solution refluxed for 100 hr. The mixture, after dilution with water,
was extracted at 50° with hexane. The alcoholic layer was acidified with hydrochloric acid,
boiled for 10 min. and then extracted with three portions of hexane at 50°. The combined
hexane extracts were washed with hot water, dried (Na,SO,), and concentrated to 50 c.c. The
19-methyleicosanoic acid then crystallised as plates (2:9 g.). Recrystallised from acetone, it
had m. p. 73--73-3°, crystal long spacing 40-2 A (Found: C, 77-2; H, 13-2%; equiv., 326.
C,y,H,,0, requires C, 77-2; H, 13-09%; equiv., 327). '

The acid obtained from 20-methylheneicosane-1 : 2-diol by oxidation with lead tetra-acetate,
crystallised to purity from acetone and hexane, formed plates, m. p. and mixed m. p. 73—73:4°,
crystal long spacing 40-4 A (Found : C, 77-3; H, 12:9%; equiv., 325).

1: 2-Diacetoxy-22-methyltricosane. The diacetate, b. p. 228—230°/1 mm., crystallised from
methanol as needles, m. p. 37-5—38-5° (Found: C, 74-1; H, 12:0; Ac, 19. C,;H;,0, requires
C,74:0; H, 12:0; Ac, 18:9%).

22-Methyltricosane-1 : 2-diol. 1 : 2-Diacetoxy-22-methyltricosane was saponified and the diol
crystallised from hexane and then methanol formed plates, m. p. 86-6-—97°, crystal long spacing
52-3 A (Found: C, 78-1; H,13-6%; M, 360. C,H;,0, requires C, 77-8; H, 13-6%; M, 371).

. Synthesis of 21-methyldocosanoic acid. 18-Methylnonadecanoic acid (55 g., 0-0175 mole),
ethyl hydrogen glutarate (4-4 g., 0:027 mole), and sodium (0-02 g., 0-0008 g. atom) were electro-
Iysed, to yield 21-methyldocosanoic acid (0-75 g.), plates (from acetone and ethanol), m. p.
77-9—178-1°, crystal long spacing 439 A (Found: C, 78-0; H, 13-2%; equiv., 353. CyH,c0,
requires C, 77-9; H, 13-19%,; equiv., 355).

21-Methyldocosanoic acid, obtained from 22-methyltricosane-1 : 2-diol by oxidation with
lead tetra-acetate and crystallised to purity from acetone and hexane, formed plates, m. p. and
mixed m. p. 76—76-6°, crystal long spacing 43-9 A (Found : C, 77-9; H, 13-0%,; equiv., 354).

Octadec-1-eme. Octadecyl alcohol (27 g., 0-1 mole) and palmitic acid (30 g., 0-114 mole)
were heated together at 240—260° until evolution of water had ceased (ca. 1 hr.), and then
distilled (b. p. 350—360°/600 mm.). The crude octadecene was separated from the bulk of
the palmitic acid by distillation at atmospheric pressure through a “ Towers 10-plate *’ frac-
tionating column, then fractionated in the spinning-band column, and the material of constant
b. p. and refractive index was collected (8:8 g.; b. p. 129°/1 mm., #} 1-4408 4- 0-0001. Cf.
Wibaut, Rec. Trav. chim., 1948, 67, 113). .

(4)-n-1: 2-Diacetoxyoctadecane. The method of Swern, Billen, and Scanlan (loc. cit.) was
modified as follows : To a slowly stirred mixture of octadec-l1-ene (16-3 g.) and formic acid
(1585 c.c.; 98—100%) at room temperature was added hydrogen peroxide (99 g. of 30%
hydrogen peroxide, i.e., 309% excess). The mixture was heated at 40° with slow stirring
for 20 hr. The excess of formic acid was taken off under reduced pressure and the residue
refluxed with potassium hydroxide (25 g.) in ethanol (200 c.c) for 1 hr. The mixture
was evaporated to small volume under reduced pressure, diluted with water, and extracted
with ether. The ethereal layer was washed with water, dried (Na,SO,), and evaporated. The
residue crystallised from pentane, to yield the crude diol (14:3 g.; m. p. 78:5—80-5°). "It was
dissolved in acetic anhydride (50 c.c.) and heated on a water-bath for 5 hr. The excess of acetic
anhydride was removed and the residue fractionated at 1 mm. in the spinning-band column.
The material of constant b. p. and refractive index (b. p. 191:5° 4- 0-5°, ¥ 1-4419 4- 0-0001)
crystallised from methanol in needles, m. p. 39-5—40°, after resolidification m. p. 41-8—42-8°
(Found : C, 71-5; H, 11-6; Ac, 23-3. Calc. for C,,H,,0,: C, 71:3; H, 11'4; Ac, 23-2%,). Nie-
mann and Wagner (J. Org. Chem., 1942, 7, 227) record m. p. 40-0° for (+)-1: 2-diacetoxy-
octadecane,



(L) :Ostadbcane-T +2+dioli  Pure (42):1 - 2idiacetoxyoctadecane” was sapomﬁed and. the.diol
crystallised’ from: metHanol-as:a: colourless powder; m: p: 81—81'8°, crystal long spacing 40-4 A
(Found : C, 75-65. H, . 18-5%; N, 285: Calt, for CygH3304s: C, 7555 H: 13:4%,; M, 287).
Swerneetals (. Amer. Chem. Soc, 194ﬁr 68; Y505) record’m p: 80>-81%"and’ Nlemann and " Wagner
(loc. 6ith); mr: py 7940—79:5% for (i) tgctadecane:1 :-2-diol!
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F. W. G. Schoning for thie microanalyses;, Dr:. J. N, van: Niekerkrand:NMe:. E. R L. Schiéuning: for
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(85 g.) in ethanol (1 1. of 96%,). The mixture was stirred at 40° for 24 hr. To the saponified
mixture was added ethanol (660 c.c.) and water (1000 c.c.). The solution was shaken three
times in a separating funnel (10 1.) with n-hexane. The combined hexane extracts, after being
kept overnight in a tall cylindrical separating funnel, were separated from the sediment and
shaken with 609, ethanol (2 x 500 c.c.). Evaporation of the hexane solution yielded extract
I1(131¢g).

The above alcohol solutions were combined and extracted in a continuous liguid-liquid
extractor with hexane for 24 hr. The hexane extract was washed with 609, ethanol (200 c.c.)
and evaporated to yield extract II (59 g.). The alcoholic wash-liquors were added to the next
batch of saponified wax. The total yield.of unsaponifiable material (extracts I and II) was 190
g. (389, of the wax).

Chvomatographic Prepavation of the Diols.—The wool-wax unsaponifiable material (500 g.),
dissolved in wet ether (8 1., saturated with water at 6°), was filtered through a column of alumina
(Peter Spence, type H), reactivated by 24 hr.’ heating, with occasional stirring, at 400° (5
kg.; 30-cm. in height). The column was eluted with wet ether (24'1.), followed by ether (20 1.)
containing ethanol (1% of 75%). The eluate was collected in 2-1. fractions. Those containing
the material most strongly adsorbed were analysed by Karnovsky and Rapson’s periodate.
titration method (J. Soc. Chem. Ind., 1946, 65, 138), and those containing considerable quantities
of diols were amalgamated. s

In this way, a crude diol fraction (186 g.) was obtained from the unsaponifiable material
(2-2 kg.). It crystallised from ether and ethanol as a white powder (107 g.). The mother-
liquors and fractions containing low diol contents (200g.) were combined and rechromatographed.
The crude diol fraction so obtained after crystallisation yielded further diol (30 g.). The total
yield of crude diols (137 g.) was 6-2%, of the unsaponifiable material.

To separate the diols from long-chain alcohols and other impurities, they were acetylated
and distilled at 1 mm. in several batches in an electrically heated and vacuum-jacketed frac-
tionating column (12 mm. internal diam.; 20 cm. long) packed with {7 Dixon gauze rings at’
a reflux ratio of about 1:10. The fractions of similar b. p. and » were combined to form the
four following fractions : (1) b. p. 190—200°, %% 1-4445, 54 c.c.; (2) b. p. 220—225°, #»} 1-4510,
37 c.c.; (3) b. p. 225-—250°, solid, 32 c.c.; (4) b. p. 250—290°, ¥ 1-4500—1-151, 59 c.c.

Fractions 1, 2, and 3 were separately saponified and crystallised from ether. Fraction 4,
which contained the bulk of the high-boiling alcohols, was saponified and rechromatographed
and the diol fraction crystallised. The material, obtained from the mother-liquors after crystal-
lisation of the diols (fractions 1, 2, 3, and 4), was chromatographed and the diol fraction was
obtained by crystallisation. = A total of 90 g. of purified diols was obtained (4% yield).
The above five diols fractions were separately acetylated and distilled. Distillates of similar
b. p. were combined and redistilled whére necessary.

The distillation was carried out in the microspinning band fractionating column of Piros
and Glover (U.S. Pat. 2,608,528; Chem. Abs., 1952, 46, 9899 ; supplied by Messrs. H. S. Martin
and. Co., Illinois, U.S.A.) after modification as follows : (1) The pot heater, because of poor
heat transfer, was replaced by two separately controlled heaters, one for the pot and the other
for the exposed part of the column above the pot. (2) The column heater, because of uneven
heating, was replaced by two evenly wound spiral heating elements. This allowed a better
control over the temperature gradient in the column. (3) The partial condenser was replaced.
with a hollow centrally placed cold-finger condenser, which was fashioned at the end in the
shape of hollow cone drawn down at one side to form a dripper. With this device it was possible,
by comparisen of the drop rate from this condenser with that from the dripper at the base of
the column, to maintain a.fine control over the column equilibrium. (4) The receiver was
replaced by an electrically warmed one of the Perkin triangle type, which could be evacuated
by means of a separate vacuum.pump in order to avoid disturbing the column pressure. This
type.of still has a relatively low hold-up and low- pressure drop and is thus suited to the frac-
tionation of small quantities of not highly stable materials. The column temperatures were
measured by means of iron—constantan thermocouples and recorded on a recording potentio-
meter (Messrs. Brown Instrument Co., Philadelphia, U.S.A.). The manostat of Birch e¢ al.
(J- Soc. Chem. Ind., 1944, 66, 3340) was used to'maintain a pressure of 1 mm. with a maximum
variation of about 0-02 mm. or a head-temperature variation of 3% about 0-25°.

For the distillation, the column was operated at a boil-up rate of 30—40 c.c./hr., pressure
drop of 1:2—1-5 mm., and rotor speed of 1200 r.p.m. Under these conditions of operation, it. -
had an efficiency of about 15 theoretical plates when tested with Williams’s mixture (Ind. Eng-
Chem., 1947, 39, 779). This is much lower than that claimed by the makers for operation at



atmospheric pressure (viz., 100 theor. plates). . It is possible that the value is low because this
test mixture does not wet glass well (cf. Benner, Dinardo, and Tobin, Ind. Eng. Chem., 1951,
43, 722; and Williamson, J. Appl. Chem., 1951, 1, 33). Comparison of our distillation curves
with those of Murray (J. Amer. Oil Chem. Soc., 1951, 28, 1) suggests that our column is of roughly
equal efficiency.

Isolation of the Puve 1 : 2-Diols.—n-Hexadecane-1 - 2-diol. A portion of the material from
the C,¢ plateau (b. p. 173°/1 mm.) was saponified with alcoholic potasium hydroxide. Water
was added and the diol, extracted with ether, was washed with water and dried (Na,SO,).
After removal of the ether, the remaining diol was crystallised to purity from hexane and
methanol, forming plates, m. p. 84-—84-4°, crystal long spacing 36-7 A (Found: C, 74-4; H,
13-4%; M, 261. C,H;,0, requires C, 744; H, 13-39%,; M, 258).

The molecular weight was determined by the volumetric method of Karnovsky and Rapson
(loc. cit.). The m. p. was not depressed on admixture with an authentic sample of hexadecane-
1:2-diol, m. p. 84—84-4°, prepared from (—)-n-2-hydroxyhexadecanoic acid by reduction
with lithium aluminium hydride (Horn, Hougen, and von Rudloff, Chem. and Ind., loc. cit.).

n-Pentadecanoic acid. To hexadecane-1: 2-diol (1 g.) in dry benzene at 50—60° was added
slowly a solution of lead tetra-acetate (4 g.; Mendel, Rec. Trav. chim., 1940, 59, 720) in dry ben-
zene (100 c.c.) and acetic acid (a few drops). A stream of air was passed through the mixture
during the addition, and for 2 hr. thereafter. The mixture was then poured into an equal
volume of dilute sulphuric acid, shaken, and centrifuged.. The benzene layer was extracted several
times with concentrated sodium hydroxide solution. The combined aqueous layers were
extracted with ether, and acidified, and the liberated acid was taken up in ether. The ethereal
solution was washed with water, dried (Na,SO,) and evaporated. The acid crystallised from
pentane in plates, m. p. 52—52-2° (075 g.) (Found : C, 74-1; H, 12:6%; equiv., 242. Calc.
for C;;H,y0,: C, 74:3; H, 12-59,; equiv., 242-4). There was no m. p. depression on
admixture with an authentic sample of pentadecanoic acid prepared from (4-)-#-2-hydroxy-
hexadecanoic acid (Mendel and Coops, Rec. Trav. chim., 1939, 58, 1140), m. p. 52:2—52-5°
{Found: C, 74:5; H, 12-7%; equiv., 243). Francis, Piper, and Malkin (Proc. Roy. Soc., 1930,
128, 4, 214) record m. p. 52-1°. : ;

1: 2-Diacetoxy-16-methylheptadecane. The diacetate from the C,, plateau (b. p. 186:5°/1
mm.) crystallised from methanol at —20° as needles, m. p. 16—17°, [a]¥ = 4-0-012° (no solvent)
(Found : C, 71-2; H, 11'6; Ac, 23-1. C,,H,,0, requires C, 71-3; H, 11-4; 2Ac, 23-29%,).

16-Methylheptadecane-1 : 2-diol. 1 : 2-Diacetoxy-16-methylheptadecane was saponified and
the diol crystallised from methanol and hexane as plates m. p. 75—75+4°, crystal long spacing
40-6 A (Found : C, 75-8; H, 13-4%,; M, 288. C,zH,:0, requires C, 75-5; H, 13-49%,; M, 287).
It showed no m. p. depression on admixture with 16-methylheptadecane-1 : 2-diol obtained by
_ lithium aluminium anhydride reduction of (~—)-16-methyl-2-hydroxyheptadecanoic acid °
(Horn, Hougen, and von Rudloff, unpublished work).

15-Methylhexadecanoic acid. 16-Methylheptadecane-1 : 2-diol was oxidised with lead tetra-
acetate as described above. The acid was crystallised to purity from acetone, hexane, and
methanol, forming plates, m. p. 60-1—60-5°, crystal long spacing 33-3 A (Stillberg, Stenhagen,
et al., Avkiv Kemsi, Min., Geol., 1948, 26, 4, No. 19, give 33-35 A) {Found : C, 75-6; H, 12-7%,:;
equiv., 271. Calc. for C;H,;,0,: C, 75:5; H, 12-7%; equiv., 270). The m. p. showed no
depression on admixture with an authentic specimen of 15-methylhexadecanoic acid, m. p.
60-3—60-5° (tdem, ibid.).

1 : 2-Diacetoxy-18-methylnonadecane. The diacetate from the Cy, plateau (b. p. 203°/1 mm.)
crystallised from methanol as needles, m. p. 26—27° (Found : C, 72-6; H, 11-7; Ac, 219.
CyyH 450, requires C, 72:3; H, 11-6; Ac, 21:69,).

18-Methylnonadecane-1 ; 2-diol. The foregoing diacetate was saponified. The diol crystal-
lised from hexane and methanol as plates, m. p. 80-8—81-1°, crystal long spacing 445 A (Found :
C,76:6; H, 13-6%; M, 322. C,,H,,O, requires C, 76-4; H, 13-5%,; M, 315).

17-Methyloctadecanoic acid. 18-Methylnonadecane-1 : 2-diol was oxidised with lead tetra-
acetate. The acid so obtained was crystallised to purity from hexane and acetone, giving
plates, m. p. 66-6—66-8°, crystal long spacing 36-8 A (Velick, J. Amer. Chem. Soc., 1947, 89,
2317, gives 36-2 A) (Found : C, 76-5; H, 13-09%; equiv., 295. Calc. for C,;;H;,0,: C, 76:5;
H, 12-8%,; equiv., 298). The m. p. showed no depression on admixture with 17-methylocta-
decanoic acid, m. p. 66-9—67-3°, kindly supplied by Prof. Cason.

1 : 2-Diacetoxy-20-methylheneicosane. The diacetate, b. p. 217—219°/1 mm., crystallised
from methanol as needles, m. p. 33-3—33-8° (Found : C, 73-2; H, 11-9; Ac, 20-4. C,,H,,0,
requires C, 73-2; H, 11-8; Ac, 20-29%,). )
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16. Wool Wax. Part II1.* Synthesis of Some iso-Acids.
By F. W. HouGen, D. ILsg, DoNnaLp A. SutrtoN, and J. P. DE VILLIERS..

8 - Methylnonanoic,} 10 - methylundecanoic, 12 - methyltridecanoic, -
16-methylheptadecanoic, and 18-methylnonadecanoic acids have been
synthesised. The melting points and long X-ray crystal spacings of the solid

*acids and amides have been recorded. for comparison with- those of ¢so-acids
from wool wax. :

A SERIES of iso-acids was required in connection with the branched-chain compounds
which exist in both the acid (Weitkamp, J. Amer. Chem. Soc., 1945, 67, 447) and alcoholic
(Murray and Hatt, personal communication) fractions of saponified wool wax. We
investigated four modern methods of chain lengthening for convenience of preparation
of reasonable quantities of the necessary pure saturated iso-compounds. Some of the
difficulties encountered since this work was initiated three years ago have been noted by
others.

14-Methylpentadecanoic acid was not prepared since it has been satisfactorily identified
in wool wax (Weitkamp, loc. cit.).

The dihydropyran method (Crombie and Harper, /., 1950 1707 Brandon, Derfer
and Boord, J. Amer. Chem. Soc., 1950, 72, 2120) was used with isobutylmagnesium
bromide, giving cis- and #rans-2- isobutyl 3-chlorotetrahydropyran (I), which on ring
scission and hydrogenation gave 7-methyloctanol, converted through the bromlde and
nitrile into 8-methylnonanoic acid (II).

Pri+[CH,),"CO,H

/\ (II; # = 6) (V; n=14)
CH ‘CHMe, (ITI; # = 8) (VI; » = 16)
) - : (IV; n = 10)

10-Methylundecanoic acid (III) was prepared from two sets of intermediates by a modi-
fication of Bowman'’s ketone method (J., 1950, 174) in that the acid chlorides (4-methyl-
pentanoylchloride, 2-methylpropanoyl chloride) reacted in the presence of one equivalent of
sodium with polymethylene a»-dimalonic esters [benzyl pentane-1:1: 5 : 5-tetracarboxylate
(VII), benzyl heptane-1:1:7:7-tetracarboxylate (VIII)]instead of with monomalonic esters.

Pri«[CH,],*COCI + (CH,Ph+0,C),CH-{CH,],»CH(CO,*CH,Ph), LN
(VII; m = 8) (VIII; m = 5)
(1) Hy—catalyst .

Pri-{CHy,rCO-C(COy CHyPh); [CH,l CEL(COyCH,Ph), — == Prt[CHJw'CO-CH ] . yCOH
Yields of the keto-acids after debenzylation were poor so that the advantage of using the
more teadily available dimalonic esters is outweighed by losses probably arising, in part,
from the occurrence of addition of acid chloride to both functional ends of the dimalonic .
ester molecule; in agreement with Nunn’s report (J., 1951, 1740) undesired ketonic
hydrolysis of the intermediate B-keto-esters also occurred. A third source of loss in the
case of (VII) arose from Dieckmann cyclisation, in the presence of the sodium, detected
by the identification of cyclohexanone at the end of the series of operations the use of
malonic esters is therefore best restricted to those in which the chain is either too long or
too short to favour intramolecular cyclisation. The keto-acids obtained after the hydro-
genolysis step were smoothly reduced by Huang-\’[mlon s procedure (J. Asmer. Chemn.
Soc., 1946, 68, 2487). ‘

"% Part' T, Rossouw and von Rudloff . Appl Chem., 1952, 2, 335).
t Geneva’ nomenclature (CO,H = 1) is used throughout this paper for nammg the iso-acids.-



12-Methyltridecanoic acid (IV) was prepared by the chloro-iodide-alkylacetylene
method of Strong et al. (ibid., 1948, 70, 1699, 3391) starting from 6-methylhept-1-yne
and 1-chloro-5-iodopentane :

(1) NaCN
Pris{CH,],-CiCNa + I:[CH,],;Cl —— Pri-[CH,];-CiC+[CH,]5°Cl W
: 2H,
Pris[CH,]3'C:C-[CH,];:CO,H ——> Pris[CH,],;,°COH

(Iv)

No difficulties were encountered, but attempts to condense 6-methylhept-1-yne with
1-chloro-10-iododecane were abortive. This is analogous to the failure of Taylor and
Strong (sbid., 1950, 72, 4263) to condense alkylacetylenes containing more than nine
methylene groups with chloro-iodides. Huber (sbd., 1951, 78, 2730) has sincé caused
hept-1-yne to react with 1-chloro-10-iododecane, and Lumb and Smith (Chem. and Ind.,
1952, 358) have condensed the lithium derivative of n-tridec-1-yne with 1-chloro-3-
iodopropane so that the limitations noted by Taylor and Strong and by us can be overcome
at least in some cases. In practice the use of chloro-iodides is restricted by the difficulty
of separating, by fractional distillation, dichloride-chloro-iodide-di-iodide mixtures when
the chain is long.

The anodic method of Linstead et al. (J., 1950, 3326) was used to synthesise 8-methyl-
nonanoic acid (II) (from 4-methylpentanoic acid and ethyl hydrogen adipate), 10-methyl-
undecanoic acid (III) (from 3-methylbutanoic acid and ethyl hydrogen azelate), 12-methyl-
tridecanoic acid (IV) (from 4-methylpentanoic acid and ethyl hydrogen sebacate), 16-
methylheptadecanoic acid (V) (from 12-methyltridecanoic acid and ethyl hydrogen adipate),
and 18-methylnonadecanoic acid (VI) (from 10-methylundecanoic acid and ethyl hydrogen
sebacate). This method proved the best, for our purpose, because of the ready availability
of the starting materials, the reasonable yields obtained, and the smallness of the working
losses arising from the fact that it is a one-step synthesis.

In both the Bowman and the Linstead method, it has been advisable to choose the
starting materials so that the unwanted dicarboxylic acids arising from ketonic hydrolysis
and symmetrical coupling are readily separable by fractional distillation from the desired
products. To a lesser extent, dicarboxylic acid by-products also arise in the acetylenic
method in cases where the chloro-iodide cannot be fractionated entirely free from di-
iodide. It is suggested that, in such cases, the use of Craig’s counter-current distribution
method (Anun. N.Y. Acad. Sci., 1951, 53, 1015) is appropriate for purification of the end
product since there are large differences in solubility in polar and non-polar, solvents
between aliphatic monocarboxylic and dicarboxylic acids of similar boiling points. Twe
examples. are in the Experimental.

The properties of the synthetic acids and their amides are compared in the Table with
those which Weitkamp (loc. cit.) and Velick (], Amer. Chem. Soc., 1947, 69, 2317) recorded
for wool wax iso-acids and with those taken from the compilation: in the paper of Stallberg,

M. p. Long crystal spacing (&)
Acid * Acid Amide Acid Amide
8-Methylnonanoic .........coeevevveniinninss 23-7—24-0° 103-8° 19-93 19-80 ¢
Liquid ¢ 103-1 — 19-92
. 10-Methylundecanoic .......... SETOTOPUN 41-4—41-5 108-1—108:4 % 23-38 24-13 %
41-21 1081 — 24-12
" 12-Methyltridecanoic ..................... 53-3—53-6 — 26-82 —
53:4—53-6¢  108-1--108:3 ¢ 26-80 ¢ 27-14 ¢
53-31 107-3 * 26-8,2 27-0 2 27-0,2 26-7°3
53-3—53-6 ¢ — — —
16-Methylheptadecanoic .................. 69-5—69-7 107-8—107-9 3375 34-7
. 69:5? 107-31 33-8 23 35-0,2 34-53
18-Methylnonadecanoic .................. 75-3—15-6 105-9—106-1 37-52 36-70-
75-31 10511 37-82 36-82

* Specimens were prepared by the anodic method, unless indicated as ¢ (Strong), ® (Bowman), or
¢ (Crombie and Harper).
‘1 Weitkamp (loc. cit.). 2 Velick (loc. cit.). 3 Stallberg and- Stenhagen (loc. cit.). 4 Nelson.and
Dawson. (J. Amer. Chem. Soc., 1923; 45, 21.79).



Stenhagen, ¢ al. (Arkiv Kemi, Min., Geol., 1948, 26, A, No. 19). Direct comparison of
our synthetic C;, and C,, 7so-acids with specimens isolated by Dr. Weitkamp from wool
wax showed that there was no depression of melting points; this and the close comparisons
of properties in the Table confirm the validity of Weitkamp’s structural assignments.

The long X-ray spacings were measured on a Philips high-angle Geiger counter spectro-
meter previously calibrated with a silicon standard. Filtered Cu-K, radiation was used
(» = 1-541 A). The specimens were prepared by melting them between two microscope
slides and allowing them to cool under slight pressure. For every specimen it was possible
to observe at least ten orders of ‘‘ reflection.”

EXPERIMENTAL

M. p.s are corrected.

Amnodic Syntheses.—These were carried out under the conditions described under ‘‘ Method
B1 ” (Linstead et al., loc. cit., p. 3328) with dry methanol as solvent.

Craig Countev-curvent Distribution Separation of a Mono- and Di-cavboxylic Acid Mixture.—
Pimelic acid (0-15 g.) and 10-methylundecanoic acid (0-15 g.) were introduced into tube No. 0
of a 25-tube steel counter-current apparatus containing a two-phase solvent system made up
from hexane (100), acetone (25), ethanol (13), and water (62) (figures in parentheses denote
parts by volume). After 24 transfers had been applied the contents of the tubes were evaporated,
giving pimelic acid, m. p. 105—106°, in tubes 0—4 inclusive (peak in tube 1) and 10-methyl-
undecanoic acid, m. p. 40—41°, in tubes 20—24 inclusive (peak in tube 23).

8-Methylnonanoic acid (1I).—(a) From cis- and trans-2-isobutyl-3-chlovotetvahydropyran.
A mixture of cis- and frans-isobutyl-3-chlorotetrahydropyrans (11-8 g., 0-067 mole), prepared
by the reaction of isobutylmagnesium bromide with 2 : 3-dichlorotetrahydropyran, was treated
with powdered sodium (5 g., 0-218 g.-atom) in dry ether following the procedure of Crombie and
Harper (loc. ¢it.); the product was poured into water and extracted with ether, to yield after
distillation 7-methyloct-4-en-1-ol (5:5 g., 58%, based on the 2-alkyl:3-chlorotetrahydropyran),
b. p.107°/21 mm. (Found: C, 75-8; H, 12-8. Calc. for C;H,O: C, 76-0; H, 12-8%,). Hydro-
genation afforded 7-methyloctanol (Found: C, 74-6; H, 14-0. Calc. for C,;H,,O: C, 74:9;
H, 14-0%), characterised as its phenylurethane, m. p. 65° (Cason, J. Amer. Chem. Soc., 1942,
64, 1102, records m. p. 65°). The 7-methyloctanol was converted into the bromide (3-5 g.;
b. p. 107°/27 mm.) (Found: Br, 38-6. Calc. for C;H,;Br: Br, 38:6%) with hydrogen
bromide and thence through the nitrile into 8-methylnonanoic acid [cf. the preparation of
(IV), method (a)] (1-03 g., 99 overall yield) (Found: C, 69-7; H, 11-7%,; equiv., 173. Calc.
for C;,Hy0,: C, 69:5; H, 11-8%,; equiv., 172-3). ~ The amide had m. p. 103-8° (from acetone)
(Found : C, 69-6; H, 12-7; N, 7-9. Calc. for C;;H, ON: C, 70-1; H, 12-4; N, 8-2%,).

(b) From 4-methylpentanoic acid and ethyl hydrogen adipate. The anodic method was used :
4-methylpentanoic acid (11-6 g., 0-1 mole), ethyl hydrogen adipate (33:6 g., 0-2 mole), and
sodium (0-14 g., 0-006 g.-atom) were electrolysed to yield 8-methylnonanoic acid (6-58 g., 389%
based on the 4-methylpentanoic acid), b. p. 106°/1 mm., . p. 22-6° (from f. p. curve); after
three recrystallisations from hexane at —50° it had m. p. 23-7—24-0°.

10-Methylundecanoic Acid (I11).—(a) From 4-methylpentanoyl chlovide and benzyl pentane-
1:1:5: 5-tetracarboxylate. FEthyl pentane-1:1:5: 5-tetracarboxylate (36 g., 0-1 mole)
was heated under reflux in dry benzene (150 c.c.) with powdered sodium (2-3 g., 0-1 g.-atom) until
all the latter had dissolved (6 hr.). Benzyl alcohol (43-2 g., 0-4 mole) was added and distillation
effected through a Fenske-helices-packed column until the theoretical quantity of ethanol
(0-4 mol.) had been removed as the benzene-ethanol azeotrope (5 hr.) (cf. Bowman, loc. cit.,
and Nunn, loc. cit.). 4-Methylpentanoyl chloride (13-45 g., 0-1 mole} was added slowly with
stirring while cooling with ice-water, and the mixture was then refluxed (1 hr.) and cooled.
Distilled water (250 c.c.) was added and the organic layer was taken up in ether, separated,
washed (water), and dried (Na,SO,). The solvents were removed in a vacuum at <40°, leaving
a light yellow oil (70 g., 0-1 mole) which was shaken in dry ethanol-ethyl acetate (1: 1; 200c¢.c.)
with hydrogen at 50 1b./sq. in. in the presence of palladium-calcium carbonate (10 g.; Pd, 1%);
no hydrogen was absorbed; the catalyst was filtered off and replaced by the same amount of
fresh catalyst which was filtered off after no hydrogen had been taken up; palladium-carbon
(5 g.; Pd, 10%) was added and hydrogen was taken up (ca. 859, theor.) during 3 hours. The
catalyst was filtered off and the solvents were removed in a vacuum; the residue was heated
at 95° and then at 180° for a short period to complete the decarboxylation. The product was
distilled through a short Vigreux column to give: (a) 6-65 g., b. p. 110°/25 mm., (b) 1-35 g.,



b. p. 110°/25 mm. to 85°/2 mm., (¢) 1-8 g., b. p. 85—110°/2 mm., (d) 0-5 g., b. p. 127—135°/1
mm., (¢) 5-3 g., b. p. 140—157°/1 mm., (f) 0-8 g., b. p. 157°/1 mm., (g) 1-3 g., b. p. 165—195°/1
mm. and (k) 1-3 g., b. p. 195—200°/1 mm. Fraction (a) contained cyclohexanone (2 : 4-dinitro-
phenylhydrazone, m. p. 157°; semicarbazone, m. p. 165°; and oxime m. p. 89°; mixed m. p.s
gave no depression) and 4-methylpentanoic acid (p-bromophenacyl ester, m. p. 79°; amide
m. p. 117°; mixed m. p.s gave no depression). Fractions (¢) and (f) contained the required
7-keto-10-methylundecanoic acid; they were combined and reduced without purification by
Huang-Minlon’s procedure (loc. cit.) to give a product from-which 10-methylundecanoic acid
(1-0 g., 5%), m. p. 40—41°, was separated by fractional distillation (b. p. 130°/1 mm.) followed
by crystallisation from aqueous methanol (Found : C, 71-6; H, 12-1%; equiv., 201. Calc.
for C;,H,,0,: C, 72:0; H, 12-1%,; equiv., 200-3); the amide was recrystallised from isohexane
tom. p. 108:1—108-4° (Found : C, 72-7; H, 12-7. Calc. for C,,H,;ON : C, 72:4; H, 12-55%).
Fraction (%) contained pimelic acid which was purified by crystalhsatlon from aqueous hydro-
chloric acid (m. p. and mixed m. p. 105°).

(b) From 2-methylpropanoyl chlovide and benzyl heptcme-l 1 1:7: 7-tetvacarboxylate. By
the above procedure but starting with 0-15 mole of ester with the appropriaté amounts of sodium,
benzyl alcohol, and the acid chloride, 10-methylundecanoic acid was obtained in 2 g. (6:7%)
yield together with some azelaic acid.

(c) From 3-methylbutanoic acid and ethyl hydvogen azelate. The anodic method was used :
3-Methylbutanoic acid (88 g., 0-86 mole), ethyl hydrogen azelate (88 g., 0-41 mole), and sodium
(0-6 g., 0-03 g.-atom) were electrolysed. 10-Methylundecanoic acid (37 g., 459, based on the ethyl
hydrogen azelate) was recovered by distillation. (b. p. 130°/1 mm.). After recrystallisation
from 969, ethanol it had m. p. 41-4—41-5° and gave no depression of m. p. in admixture with
the specimen supplied by Dr. Weitkamp.

12-Methyltridecanoic Acid (IV).—(a) From 6-methylhept-1-yne and l-chlovo-5-iodopentane.
6-Methylhept-1-yne (44 g., 0-4 mole) was added to sodamide (from 10 g., 0-435 g.-atom of sodium)
in liquid ammonia and 1-chloro-5-iodopentane (93 g., 0-32 mole) was subsequently added (cf.
Strong et al., loc. cit.). After 24 hours the product was worked up, to yield 1-chloro-11-methyl-
dodec-6-yne, b. p. 80°/1 mm. (24 g., 35% based on the l-chloro-5-iodopentane), which was
refluxed with ethanol (95%; 300 c.c.) for 72 hours with sodium cyanide (15 g., 0-31 mole);
the precipitated sodium chloride was filtered off and the filtrate refluxed for 120 hours with
sodium hydroxide (9-5 g., 0:-24 mole) in water (50 c.c.). The 12-methyltridec-T-ynoic acid so
produced was freed from non-acids by extraction of its alkaline solution (in 209, aqueous
ethanol) with ether in the usual way and distilled, having b. p. 150—151°/1 mm. (11-8 g., 48%,
based on the 1l-methyl-1-chlorododec-6-yne) [Found: C, 74:6; H, 10-6%; equiv., 219;
0-2598 g. took up 52:7 c.c. of H, (N.T.P.). C,,H,,0, requires C, 74 95; H, 10-89,; equiv.,
224-3; 0-2598 g. is equivalent to 520 c.c. of H,); the acid had »{ 1-4556, d3° 091604, [R,];
66-5. (Calc. 66:4). Its p-bromophenacyl ester had m. p. 51° (from aqueous ethanol) (Found :
C,62:5; H, 6-95; Br, 19-0. C,,H,,BrO, requires C, 62:7; H, 6-9; Br, 19:09%,). The acetylenic
acid was smoothly hydrogenated in ethyl acetate in the presence of Adams’s catalyst,
to yield 12-methyltridecanoic acid, recrystallised from acetone and then hexane to m. p. 53-4—
53-6°, b. p. 158°/2 mm. (Found : C, 73-6; H, 12:5%; equiv., 226. Calc. for C,,H,,0,: C,
73:6; H, 12-4%,; equiv., 228+4), characterised as its amide, m. p. 108:1—108-3° (from hexane)
(Found : C, 74-0; H, 12-6. C,,H,,ON requires C, 73-9; H, 12-85%).

(b) From 4-methylpentanoic acid and ethyl hydrvogen sebacate. The anodic method was
used : 4-methylpentanoic acid (23 g., 0-2 mole), ethyl hydrogen sebacate (46 g., 0-2 mole), and
sodium (0-2 g., 0-009 g.-atom) were electrolysed, to yield 12-methyltridecanoic acid, recrystallised
as above to give m. p. 53-3-—53-6° (12 g., 279%) (Found : equiv., 225-5. Calc. for C,;;H,s0,:
equiv., 228-4). )

16-Methylheptadecanoic Acid (V).—12-Methyltridecanoic acid (5 g., 0-022 mole), ethyl
hydrogen adipate (16-8 g., 0-1 mole), and sodium (0-1 g., 0-004 g.-atom) were electrolysed, to yield
16-methylheptadecanoic acid (3 g., 47% based on the 12-methyltridecanoic acid) contaminated
with sebacic acid. The latter was removed by counter-current distribution in a Craig apparatus
with the two-phase solvent system detailed above; after 11 transfers the last two tubes con-
tained the bulk of the 16-methylheptadecanoic acid, showing its preferential partition in the
hydrocarbon layer; the acid had m. p. 68:0—68-7° and was recrystallised from acetone and
then from hexane to m. p. 69-5—69-7° (Found : C, 75-8; H, 12:7%,; equiv., 286. Calc. for
" CysHe0, 0 C, 76-0; H, 12:69%,; equiv., 284:-5). The amide had m. p. 107-8—107-9° (from
acetone and hexane) (Found : N, 4-7. Calc. for C,;gH,,ON: N, 4:9%).

18-Methylnonadecanoic Acid (VI).—10-Methylundecanoic acid (34 g., 0-17 mole), ethyl



hydrogen sebacate (113 g., 0-49 mole), and sodium (0-3 g., 0-01 g.-atom) were electrolysed, to yield
- 18-methylnonadecanoic acid (19 g., 36% based on the 10-methylundecanoic acid) (Found :
C, 76-6; H, 12:9%; equiv., 312. Calc. for C,H,0,: C, 76:7; H, 12:9%; equiv., 312:5),
recrystallised from 969, ethanol to m. p. 75-3—75-6°, alone or mixed with the specimen supplied
by Dr. Weitkamp. The amide had m. p. 105:9—106:1° (from acetone) (Found : N, 4-5. Calc.
for C,oH,,ON: N, 4-5%,). '

The authors thank Dr. W. S. Rapson for suggesting this work, Dr. A. W. Weitkamp for
the gift of 10-methylundecanoic and 18-methylnonadecanoic acid, and Mr. F. W. G, Schéning
for carrying out the microanalyses. X-Ray measurements were made by Dr. J. N. van Niekerk
and Mr. F. R. L. Schoning. This paper is published by permission of the South African Council
for Scientific and Industrial Research. '
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Human sebum consists mainly of wax esters, free
fatty acids, hydrocarbons and & small amount of
glycerides. Whilst the free fatty acids have been
investigated in detail (Weitkamp, Smiljanic &
Rothman, 1947), little is known about the composi-

tion of the other. fractions. The unsaponifiable

matter has long been known to contain cholesterol
(for review of earlier literature, see Cmelik, 1952)
and squalene has recently been identified (Sobel,

1949; Mackenna, Wheatley & Wormall, 1952). By .
chromatographic studies these last authors found,

14-20 %, of aliphatic alcohols in the unsaponifiable
matter, but apart from an impure ppreparation of
eicosanol (?) no individual aleohol was isolated.

The present paper describes an investigation into
the aliphatic alcohols of human sebum. Sebum
(surface skin ‘fat’) was obtained by extraction of
hair from the heads of African (Bantu) males.

METHODS

Reversed-phase partition chromatography of fatty acids.
The method of Howard & Martin (1950) (cf. Silk & Hahn,
1954) was extended to effect the resolution of six normal
fatty acids ranging in chain length from six to eleven carbon
atoms. It was found unnecessary for the present purpose to
protect eluate and developing solvent against atmospheric
CO,; also, nitrogen was not purified before entering the
titration vessel. The columns were maintained at tap-water
temperature (18-22°). For loading of the columns, the acid
mixtures were usually dissolved in the developing solvent.
It was necessary to prepare a mull only when the mixed
acids differed widely in chain length (such as C;=Cjy).

The efficiency of separation is illustrated by the elution.
curve (Fig. 1) for a chromatogram of a synthetic mixture of
pentanoic, hexanoic, heptanoic, octanoic, nonanoic, de-

‘canoic, hendecanoic and dodecanoic acids (about 7 mg. of

each). The C; and C4 acids (unresolved) were eluted with
water; C, with 109, (v/v) aqueous acetone, Cy with 259,
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C, with 409, C;, with 45 %, C,, with 509, and C,, with 55 9%,.
The eluate of this particular chromatogram was collected in
1-8 ml. samples and titrated with 0-02x alkali.

Isolation of total material forming complex with urea. The

fraction to be treated with urea was dissolved in 969, (v/v)

aqueous ethanol (5-109, w/v, soln,), An amount of urea
was added, equal to about 3 times the anticipated weight of
complex-forming material in the fraction. The urea was
dissolved by refluxing the solution. After standing over-
night at room temperature, the solution was filtered and the
precipitate was dried. A second precipitate of urea complex
was sometimes obtained by treating the filtrate with more
urea, or by further cooling or evaporation to a smaller
volume of the filtrate. Complexes were recrystallized from
ethanol in which ures (half the weight of the complex) was
dissolved. Complexes were decomposed with water, and the
alcohol fractions were recovered in ether. Residues which
were left in the filtrates were recovered in the same way.

Fractional crystallization of urea complezes. This method
was used for resolving mixtures which contained the
acetates of a saturated normal, a saturated ¢so and an un-
saturated normal alcohol, all having the same number of
carbon atoms (cf. Tiedt & Truter, 1952). The prefix ‘iso’
denotes a structure containing a terminal ésopropyl group.

The material (about 10 g.) was dissolved (2 %, w/v, soln.)
in benzene containing 359, (v/v) of ethanol. Urea (in most
cases 2 g.) was added to the solution and dissolved under
reflux. After standing overnight at room temperature, the
solution was filtered from the precipitated urea complex.
The filtrate was again treated with urea (2 g.) to yield a
second precipitate of urea complex. This procedure was
continued until the precipitate consisted of urea only. The
complexes were separately decomposed with water and the
acetates recovered.

Chromatography on acid-washed aluming. Alumina (Peter
Spence, Widnes, grade H) was washed with hot 29, (w/v)
aqueous HNO, and then with warm water (distilled) and
reactivated at 200°.

The unresolved mixture (about 05 g.) of an w-hydroxy
ester and an unhydroxylated ester dissolved in hexane
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(6 ml.) was passed through a column (12 x 1 em.) of acid-
washed alumina (10 g.) and eluted successively with hexane
(85 ml.), hexane containing 109, (v/v) of dry ether (40 ml.)
and dry ether (80 ml.). The eluate was collected in 10 ml.
fractions which were evaporated and weighed. The un-
hydroxylated ester was contained in the hexane eluate and
the w-hydroxy ester in the ether eluate.

Isolation of cholesterol through the oxalic acid complex. The

"method was essentially that of Pickard & Seymour (1945);

the detailed procedure was as follows. The cholesterol-
containing material} was dissolved in anhydrous benzene
(20%, w/v, soln.). ! Anhydrous oxalic acid (109, of the
cholesterol-containing material) was added and the solution
refluxed for 1 hr. The precipitated complex was filtered off
the next day and washed with cold benzene. It was de-
composed with ethanolic KOH solution and cholesterol was
recovered in ether. The residual material was recovered in
the same way. |

Infrared absorption spectra. The spectra were recorded
with a Perkin Elmer Infrared Spectrometer Model 12C; rock
salt prism; path length, 0-5 mm. Alcohols (1:5%, w/v, in
CCl,) were examined in the 7-25 . region for the presence of
iso and normal structures (Freeman, 1952). Unsaturated
alcohols (159, w/v, in CS,) were examined in the 10-35 p.
region for trans configurations and in the 10-1 4. region for
terminal double bonds (Freeman, 1953).

EXPERIMENTAL AND RESULTS

Melting points are given corrected. They were measured in
capillary tubes immersed in a paraffin bath which was
electrically heated at a rate of 1°/6 min.

Eaxtraction of sebum

Hair (28 kg. in batches of about 1-5 kg.) from Africans
(Bantu) was obtained from the prison authorities. It was
dried at 65° and 20 mm. Hg for 16 lir. and subsequently
extracted continuously for 8 hr. with hot commercial
‘isoheptane’ in a stainless-steel percolator. The extracts
were left to stand until the suspended solids settled. The
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Fig. 1. Resolution of a mixture of pentanoic, hexanoic, heptanoic, octanoic, nonanoic, decanoic, hendecanoic and

dodecanoic acids (all # acids). Column 75 x 0-8 cm. Hold-up, 23 ml. Changes of solvent (%, v/v, aqueous acetone)

are indicated by the arrows.
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solutions were siphoned off, the solids washed with- ‘iso-
heptane’ and the combined solutions evaporated to give
" crude sebum (1450 g.).

Separation of sebum into free acids, acids released
Jfrom combination by saponification and unsaponi-
Jiable matter

A solution of crude sebum (1335 g.) in hexane (8 1.) was
extracted in a separating funnel with 60 9, aqueous ethanol
(4 1) containing KOH (200 g.). The ethanolic extract, after
being continuously extracted with hexane, was acidified
(H,80,) and the free acids (458 g.) were obtained by ex-
traction with hexane. Further extraction of the ethanolic
solution with ether gave a dark resinous material (24 g.). The
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(41-44; 13 g.) which were eluted with ethanolic HCI were
set aside. The remaining fractions were'combined into a
cholesterol-containing group (17-27; 273 g.) and a chol-
esterol-free group (10-16 and 28-40; 75 g.).

The cholesterol-containing (273 g.) and the cholesterol-
free (75 g.) grouped fractions were separately treated with
urea; aliphatic alcohols (100 and 16 g. respectively; sub-
sequently combined and referred to as fraction 4), and
residual fractions (160 and 55 g. respectively) were obtained.

The residual fraction (160 g.) which contained cholesterol
was treated with oxalic acid; cholesterol (29 g.) and a
residual fraction (125 g.) were obtained. The latter was
combined with the cholesterol-free residual fraction above
(55 g.). This combined fraction is referred to as fraction B.
These fractionations are shown in the diagram below:

Unsaponifiable matter (500 E.) chromatographed on Al,O,

Fracti([)ns 17-27

Fractions 10-16 and 2840 “Tail’

Hyd'roca,rbons
(120 g.) - (273 g.) (75 g.) fractions
’ containing free from cholesterol (13 g.)
cholesterol .
l = 1 i ]
" Urca complex Residue Residue Urea complex
(160 g.) (55|g.) )
Alcohols Alcohols
(100 g.) - (16 g.)
Oxalic acid Residue
complex (125 g.)
Cholesterol
(20 o
Fraction B

T
Fraction 4

"combined hexane solutions which contained the neutral
material were evaporated to a smaller volume (21.).
Ethanol (2 1.) containing KOH (170 g.) was added and the
mixture stirred for 24 hr. at 40°. Saponification was
complete under these conditions. The acids released from
combination (285 g.) were separated from the unsaponifiable
matter (533 g.) by extraction of the latter with hexane from
a solution of the saponified mixture in 609%, (v/v) aqueous
ethanol. A final continuous extraction (48 hr.) with hexane
gave another portion of unsaponifiable matter (14 g.) which
was not investigated further.

Sepamtz'oﬂ of hydrocarbons, aliphati¢ alcohols and
cholesterol from the unsaponifiable matter

-The non-aromatic hydrocarbons were separated from the
unsaponifiable matter by chromatography. Unsaponifiable
matter (500 g.) in hexane (101.) was passed through a
column (35 x 15 cm.) of alumina (Peter Spence, Type H;
5 kg.) and eluted with hexane (12-5 1.), ether (37-51.), ether
* containing 29, (v/v) of 969 (v/v) aqueous ethanol (15 L.},

ether containing 10 9%, of 969, ethanol (15 1.), 96 %, ethanol

(101.), and finally 969, ethanol contaln.mg 10% (v/v) of

aqueous 9-5N-HCI (10 L.). The eluate was collected in 2-5 1.
fractions (44 in all), samples from which were evaporated to
dryness and examined. The hydrocarbons (120 g.) were
contained in the fractions (2-9) which were eluted with
_hexane and subsequently combined. The ‘tail’ fractions

Acetylation of fractions A and B

Fraction 4 (aliphatic alcohols; 116 g.) was heated with
acetic anhydride (350 g.) on a water bath for 4 hr. The excess
of solvent was distilled off under vacuum to give the acetates
(133 g.). A portion of fraction B was similarly converted
into acetates (30 g.).

‘ Distillation of the acetylated fractions A and B

Two separate batches (30 and 103 g.) of the acetylated
fraction 4 were distilled at 1 mm. Hg through a Piros &
Glover micro spinning-band column (cf. Horn & Hougen,
1953). The distillation curve for the larger batch is shown in
Fig. 2 (curve 4).

The acetylated portion of fraction B (30 g.) was distilled
through the same column (Fig. 2, curve B). Only about half
of this material distilled over below 240° mm.

Isolation of sixz saturated normal alcohols

By crystallizations (from methanol, ethanol or acetone, as
suitable) of the appropriate distillation fractions (flats C,,
Cys> Cys, and fraction b of flat C,y; Fig, 2), pure acetates of

" tetradecan-1-ol, hexadecan-1-ol, octadecan-1-0l, and eico-’

san-1-ol were obtained. Impure 1-tetracosanyl acetate was
obtained by crystallization of fraction fof flat C,, . Fractional
crystallization of urea complexes was applied to fraction d of
flat Cy,. The first two complexes obtained were recovered to
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yield an impure preparation of 1-docosanyl acetate. The
acetates were hydrolysed with ethanolic KOH and the
recovered alcohols ecrystallized . to purity (methanol,
ethanol, hexane, ether). Analytical data for the alcohols
and their acetates are given in Table 1.

Isolation of three saturated iso alcohols

Fractions a, ¢ and e (Fig. 2), combined with the corre-
sponding distillation fractions from the smaller batch
(30 g.) of acetylated fraction 4, were separately fractionated
by crystallization of urea complexes. ¥raction a (14 g.) was
treated successively with 4 x 10 g. and 4 x 2'g. of urea. The
acetate of 18-methylnonadecan.-1-o0l was recovered from the
last (eighth) urea)» omplex; the residue left after urea
fractionation contained an unsaturated alcohol, as shown by
its high jodine value, but this residue was not used as a
source of eicos-10-en-1-ol since a better source (see below)
was available. Fractions ¢ (10 g.) and ¢ (8 g.) were treated
with 2 g. lots of urea and divided into 13 (numbered ¢1-
¢13) and 11 (numbered ¢1-¢11) urea complexes respectively.
Complexes ¢8 and ¢8 were decomposed to give the acetates
of 20-methylheneicosan-1-ol and 22-methyltricosan-1-ol
respectively. The acetates were hydrolysed and the re-
covered 7so alcohols crystallized to purity. Analytical data
are given in Table 1. The terminal ésopropyl structure of the
three 7so alcohols was confirmed by their infrared absorption
spectra which showed the characteristic splitting of the

7-25 . band (Freeman, 1952). The isolated 18-methylnon-

adecan-1-o0l and a synthetic specimen (Horn & Hougen,
1953) had identical infrared spectra.

Isolation and identification of three
unsaturated normal alcohols

Eicos-10-en-1-ol. The single flat which was obtained by
distillation of fraction B (¥ig. 2) contained the acetate of an
unsaturated C,, alcohol.

240
B A
220 |-
2 ~Cas
. e f
20200 |- -#~Ca
E‘ C
§ 180 —~Cao - > —Cy
o
o — g
“ 160
—Cie
140
—Cu ) | | | 1
0 20 40 60 80 100

Volume distitled (ml.)

Fig. 2. Distillation curves (for conditions see text):
A, acetates of the urea complex-forming material of
sebum unsaponifiable matter (hydrocarbons excluded);
B, acetates of the residual unsaponifiable matter.
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A sample of the crude acetate was hydrogenated (Pd on
BaS0, in glacial acetic acid) and took up 1-03 mol. prop. of
H, (based on eicosenyl acetate). The hydrogenated sample
melted at 39-41°. The acetate was saponified and the,
recovered alcohol crystallized from hexane and then
methanol to m.p. 64:2-64-6°, unchanged on admixture with
authentic eicosan-1-ol. (Found: C, 80-65; H, 14-4. Calc. for
CgoH 4 0: C, 80-5; H, 14-29%,.)

The total fraction of eicosenyl acetate (about 2 g. from
30 g. of acetylated fraction B) was saponified, and the
recovered alcohol (1-95 g.) crystallized from methanol at
—60° to m.p. 23-5-24-4° (analysis, see Table 1). Examina-
tion of the infrared spectra revealed that the double bond
had the cis configuration and that there was no terminal
double bond or terminal isopropyl group.

The alcohol (1-3 g.) was oxidized with performic acid in
acetic anhydride according to the method of Fietelson (1950)
for the oxidation of oleyl alcohol. The oxidation product
was saponified to give crude trihydroxyeicosane (1-29 g.).
Crystallization from hexane-methanol and from ether—
methanol gave trihydroxyeicosane having m.p. 86-0-86-3°.
(Found: C, 72-9; H, 12:9. C,H,,0, requires C, 72-7; H,
12-89%,.)

This product, combined with a less pure second crop from
the mother liquors (1-0 g.), was oxidized in benzene solution
with lead tetra-acetate and a stream of air according to
Mendel & Coops (1939; cf. Horn & Hougen, 1953). The
recovered acid reaction product (0-28 g.) was esterified with
methanol~H,30, and the mixed esters (0-27g.) were
separated by chromatography on acid-washed alumina into
unhydroxylated ester (0-089g.) and w-hydroxy ester
(0-124 g.).

The unhydroxylated ester was hydrolysed to give the acid
(0-080 g.). A portion of this acid (approx. 9 mg.) was
examined by reversed-phase partition chromatography,
and a single peak was obtained with no traces of neighbour-
ing homologues. A second chromatogram was run with the
unhydroxylated acid (4 mg.) in admixture with authentic
decanoic acid (4 mg.). The total material was eluted in
a gingle peak and the unhydroxylated acid was therefore
decanoic acid. '

The w-hydroxy ester (0-124 g.) was saponified to give the
acid (0-116 g.). The acid (in 40 9, v/v, aqueous acetone) was
passed through the chromatographic column in order to
free it from any admixed unhydroxylated acid. The re-
covered acid was crystallized from hexane-benzene to
m.p. 69-69-5° (10-hydroxydecanoic acid has m.p. 75-76°
according to Chuit & Hausser, 1929). The acid was dissolved
in aqueous alkali and oxidized with 59, (w/v) aqueous
KMnO, at 50°. The oxidation product was worked up in
ether, crystallized from water and extracted with boiling
hexane to give a product having m.p. 127-129° (raised to
m.p. 130-132° on admixture with sebacic acid of m.p. 133°).
(Found: C, 59-8; H, 8-4. Cale. for C,yH,,0,: C, 59:4; H,
9-09,.) Paper chromatograms of C;, C, and C,, dibasic
acids, of the acid oxidation product and of this last in
admixture with authentic sebacic acid, were run according
to the method of Long, Quayle & Stedman (1951), except
that the papers were sprayed with bromophenol blue and
citric acid (Kennedy & Barker, 1951). The C; dibasic acid
gave Ry, 0-46; Cyacid, 0-51; C,4 acid, 0-615; oxidation pro-
duct, 0-575; a mixture of the oxidation product and C,, acid
gave a singlespot (£,,0-585). Although the sebacic acid ob-
tained by the oxidation of the 10-hydroxydecanoic acid was
not entirely pure, there can be no doubt about its identity.
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SUMMARY

1. Twelve aliphatic alcohols of human sebum

" have been isolated and identified. They belong to

three homologous seriesas follows: saturated normal
alcohols (tetradecan-1-ol, hexadecan-1-ol, octa-
decan-1-ol, eicosan-1-ol, docosan-1-ol, tetracosan-
1-0l), saturated 4so-alchols (18-methylnonadecan-
1-0l, 20-methylheneicosan-1-0l, 22-methyltricos-
“an-1-0l) and unsaturated normal alcohols (eicos-
10-en-1-0l, docos-12-en-1-0l, tetracos-14-en-1-ol).

2. Thereversed-phase partition chromatographic
technique for resolution of fatty acid mixtures
(Howard & Martin, 1950) has been extended to
include six shorter-chain acids having odd and even
numbers of carbon atoms.

The author wishes to thank Dr W, S. Rapson for sug-
gesting this work and Dr D. A. Sutton for helpful discussions.
Dr D. H. S. Horn helped the author considerably with
advice and guidance on many occasions and this is very
gratefully acknowledged. The microanalyses were by
Mr F. W. G. Schéning and Miss J. M. Theron, infrared
absorption spectra by Mrs M. A. Raal and X.ray measure-
ments by Dr J. N. van Niekerk. This paper is published by
permission of the South African Council for Scientific and
Industiial Research.
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the minimum percentages present is given in the
last column of Table 1. The alcohols belong to three
homologous series, namely: saturated normal
alcohols (tetradecan-1-ol, hexadecan-1-ol, octade-
can-1-o0l, eicosan-1-ol, docosan-1-ol, tetracosan-1-ol),
saturated ¢so alcohols (18-methylnonadecan-1-0l,
20-methylheneicosan-1-ol, 22-methyltricosan-1-ol)
and unsaturated normal aleohols (eicos-10-en-1-ol,
docos-12-en-1-0l, tetracos-14-en-1-ol).

Isolation of the mixed aleoliols was effected by
precipitation of their urea complexes from un-
saponifiable matter that had previously been freed
from non-aromatic hydrocarbons. Because the
formation of urea complexes was not quantitative,
a smaller fraction of alcohols was left in the residue.
The mixed alcohols (as acetates) were separated by
distillation into six fractions of increasing molecular
weight (crude C,,, Cyq, Cys, Cop» Cye and Cy, alechols).
Each of the three lower-boiling fractions consisted
of one saturated normal alcohol only. The three
higher-boiling fractions were mixtures of normal,
280 and unsaturated alcohols, which could not be
resolved by distillation. These mixtures were
separated by fractional crystallization of their urea
complexes. One of the unsaturated alcohols (C,y)
was present in appreciable amount in the residual
unsaponifiable matter which did not form a urea
complex, and was isolated from this fraction by
distillation of the acetates; iodine values of the
distillation fractions indicated that there were un-
saturated alcohols present of chain lengths lower
than C,, and higher than C,,, but the quantities
were too small for their isolation. Some of these
distillation fractions, however, deposited small
amounts of crystals which in two of the fractions
were most probably anthracene and chrysene
(Hougen, 1954).

The saturated normal alcohols were identified by
their melting points, elementary compositions, and
X-ray long crystal spacings, and in some cases by
acetyl values and the melting points and ele-
mentary compositions of the acetates. The iso
alcohols were identified by their melting points,
elementary compositions and infrared absorption
spectra. There was sufficient material for measure-
ment of the X-ray long crystal spacing of only one of
the 4so alcohols (C,,). This aleohol gave no clear
X-ray pattern, and an impurity such as tetracosau-
1-ol might therefore have been present in the
sample. The unsaturated alcohols had one double
bond and an unbranched chain as shown by their
hydrogenation to the corresponding saturated
normal alcohols. The double-bond positions were
determined by oxidative cleavage of the alcohols
into two acid fragments (w-hydroxy acids and un-
hydroxylated acids) followed by the identification of
these acids. The possibility was considered that the
unsaturated alcohols were mixtures of double-bond

position isomers (cf. double-bond position isomers
in the free fatty acids of sebum; Weitkamp et al.
1947), in which case the acid fission products would
be homologous mixtures. The technique of reversed-
phase partition chromatography of fatty acids
(C5—Cgacids (Howard & Martin, 1950) ; C,—C,, acids
(Silk & Hahn, 1954)) was extended to include six
shorter-chain normal acids (Cg—~Cy;) ; the unhydroxy-
lated acid degradation products were analysed by
this method. The C,, C,, and C,, unsaturated
alcohols each yielded decanoic acid with no traces of
its homologues. In one case (degradation product
from C,; alecohol) a small fraction of unidentified
material appeared in the eluate in front of the
decanoic acid. This unidentified material was
neither a homologue of decanoic acid nor was it
14-hydroxytetradecanoic acid, as was shown by its
position in the elution curve and by the melting
point of the recovered material. Although this
material was not identified, its presence clearly
does not influence the argument about the structure
of the tetracosenol component. The identification of
decanoic acid as a degradation product of the C,,,
Cy, and C,, aleohols proved their structures to be
eicos-10-en-1-o0l, docos-12-en-1-0l and tetracos-14-
en-1-ol respectively. The corresponding derived
w-hydroxy acids (10-hydroxydecanoic,12-hydroxy-
dodecanoic and 14-hydroxytetradecanoic acids)
proved difficult to purify by crystallization. It was
considered sufficient to identify one of them (10-
hydroxydecanoic acid) by oxidation to the dibasic
acid (sebacic acid).

The saturated normal alcohols of sebum are
common constituents of natural waxes. The 4so
alcohols are apparently not of wide occurrence, but
have been found in wool wax (Murray & Schoenfeld,
1952). The unsaturated alcohols have not been
described before, but somewhat similar alcohols
have been found in the seed oil of Siémmondsia
chinensis (eicos-11-enol and docos-13-enol; Green,
Hilditch & Stainsby, 1936) and in sperm blubber oil
(eicos-9-enol; Toyama, 1938).

In many natural waxes the acids and alcohols are
structurally related, and this may suggest a common
path in the biosynthesis of these two classes of
compounds. Sheep sebaceous secretion (wool wax)
is a striking illustration of this phenomenon as the
acids and aliphatic alcohols belong to the same four
homologous series of normal, <so, ante-iso and o-
hydroxy compounds (Knol, 1954). A similar re-
lationship doeés not exist between the alcohols and
the free fatty acids of human sebum. Acids of
odd- as well as even-numbered chain lengths are
present, whilst <so acids have not been found
(Weitkamp et al. 1947). The double bonds are
differently situated in the acids and the alcohols.
The ‘combined’ acids of sebum have not yet been
reported upon in the literature.
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Docos-12-en-1-0l. As already described, fraction ¢ of
distillation flat C,, (Fig. 2) was divided into thirteen urea
complexes. The acetate which was recovered from complex
¢12 was hydrolysed to give an unsaturated C,, alcohol (see
Table 1), The double bond in this alcohol had the cis
configuration, as shown by its infrared absorption spectrum,
and there was no terminal double bond or terminal iso-
propyl group.

A sample of the alcohol was hydrogenated and took up
0-88 mol. prop. of hydrogen (based on docosenocl). The
recovered hydrogenated sample was crystallized from ether
to m.p. 70-1-70-2°, unchanged on admixture with authentic
n-docosanol. (Found: C, 81-0; H, 14-3. Calc. for C,,H,,O:
C, 80-9; H, 142%.)

A preparation of docosenol (containing also some 20-
methylheneicosanol) was obtained from the pooled urea
complexes ¢ 11-¢ 13 and the most pentane-soluble part of the
recovered alcohols from complexes ¢9 and ¢ 10, This material
(1-55 g.) was oxidized with performic acid and the product
saponified to give trihydroxydocosane (127 g.). Crystalliza-
tion from ethyl acetate, followed by many extractions with
boiling hexane to remove monohydric alcohol, and one
crystallization from ether, gave fine prisms, m.p. 87-4-88-1°.
(Found: C, 73:9; H, 12.7. C,H,,0; requires C, 73-7; H,
12:99%,.)

This product was pooled with a second crop obtained from
the mother liquors (total 0-66 g.) and oxidized with lead
tetra-acetate and air. The recovered acid reaction product
(0-52 g.) was converted into the methyl esters (0-43 g.), and
the latter were chromatographed on acid-washed alumina to
give unhydroxylated ester (0-15g.) and w-hydroxyester
(0-2g.).

The acid (0-093 g.) which was recovered from the un-
hydroxylated ester was examined by reversed-phase
partition chromatography and found to be decanoic acid
with no traces of neighbouring homologues. A mixed
chromatogram with authentic decanoic acid confirmed this.
The acid which was recovered from the first chromatogram
was converted into its p-bromophenacyl ester, which was
crystallized from aqueous ethanol to m.p. 65-1-65-4° (p-
bromophenacyl decanoate has m.p. 66° according to
Hopkin & Williams (1950)). Admixture with authentic p-
.bromophenacyl decanoate gave no depression of the melting
point, whereas authentic p-bromophenacyl nonanoate
depressed the melting point considerably.

The w-hydroxy ester (0-2g.) was crystallized from
pentane to m.p. 33-1-33-8° (methyl 12.hydroxydode-
canoate has m.p. 34-34-5° according to Chuit & Hausser
(1929)). Chromatography of the ester on acid-washed
alumina followed by crystallization from pentane failed to
raise the melting point of the ester. The ester was saponified
and the recovered w-hydroxy acid crystallized (benzene,
hexane-ethyl acetate) to m.p. 78-1-81-7° (12-hydroxydode-
canoic acid, m.p. 84-85° (Chuit & Hausser, 1929)).

Tetracos-14-en-1-0l. As described before, fraction e of
distillation flat C,, (Fig. 2) was divided into eleven urea
complexes. The acetate contained in complex ¢10 was
saponified to give an unsaturated C,; alcohol. The alcohol was
crystallized (methanol, acetone, benzene) to m.p. 43-3—
43-5° (see Table 1). The infrared absorption spectrum
proved the double bond of the alcohol to have the cis
configuration, and that no terminal double bond or so-
propyl group was present.

A sample of a less pure preparation of the alcohol (m.p.
41-6—42-0°) was hydrogenated and took up 1-06 mol. prop.
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of hydrogen (based on tetracosenol). The hydrogenated
sample was recovered and crystallized from ether to m.p.
75-1-75-3°, unchanged on admixture with authentic
tetracosanol. (Found: C, 81-2; H, 14-4. Cale. for C; H O
C, 81-3; H, 14-1%,.)

A preparation (1-6 g.) of tetracosenol (containing some
22-methyltricosanol) was obtained from the pooled urea
complexes e8—¢11. The material was oxidized with performic
acid and the product saponified to give tribydrozytetracosane
(1-5g.), crystallized from hexane, ether at -25° and
methanol to m.p. 89-904°. (Found: C, 74-5; H, 13-1.
C,,HyoO4 requires C, 74-55; H, 13-09,.)

A less pure preparation of trihydroxytetracosane (0-95 g.)
was oxidized with lead tetra-acetate and air, and the acid
oxidation products (0-56 g.) were converted into the methyl
esters (05 g.). The esters were chromatographed on acid-
washed alumina to give unhydroxylated ester (0-15 g.) and
w-hydroxy ester (0-2 g.).

The -unhydroxylated ester was hydrolysed to the acid
(65 mg.) and the latter was examined by chromatography -
on the reversed-phase column. A small fraction of the total
material (10-159%,) was eluted with 459, acetone and the
rest of the material with 50 % acetone. The acid contained in
the second peak was recovered and converted into its p-
bromophenacyl ester, m.p. 65-3-65:5° (p-bromophenacyl
decanoate, m.p. 66°) unchanged on admixture with an
authentic specimen of p-bromophenacyl decanoate.
(Found: Br, 21-5. Cale. for C;gH,,0,Br: Br, 21-79%,.) Con-
firmation that the unhydroxylated acid fraction was sub-
stantially decanoic acid was obtained by a chromatogram of
this material admixed with authentic decanoic acid. The
smaller fraction of the unhydroxylated acid material which
was eluted in front of decanoic acid wasrecovered and melted
at 40°.

The w-hydroxy ester (0-2 g.) was erystallized from hexane
to m.p. 41-7-43-0°. The ester was saponified and the re-
covered acid crystallized from hexane to m.p. 75-85-5°
(14-hydroxytetradecanoic acid, m.p. 91-91-5°; Chuit &
Hausser, 1929). (Found: C, 68-85; H, 11-6. Calc. for
Cy Hp504: C, 68-8; H, 11-55%.) The acid in 459, aqueous
acetone was passed through the reversed-phase column, but
there was no improvement in the melting point of the acid
recovered from the eluate.

DISCUSSION

The sebum was obtained by extraction of hair from
a large number of people, and it might therefore
have been contaminated with extraneous matter
such as hair dressings, though these are not normally
accessible to the subjects from whom the hair was
obtained. Hair dressings consist mostly of neutral
fats (glycerides) and mineral oils (cf. Weitkamp
et al. 1947), and such materials do not yield a high
percentage of long-chain alcohols on saponification.
Contamination of the material reported upon here
is therefore not likely to be appreciable in amount.

Twelve aliphatic alcohols of human sebum were
identified. It is not possible to state with certainty
the relative proportion of each present, since inter-
mediate fractions and residues obtained during the
lengthy fractionation contain unknown amounts of
the various compounds; however, an indication of



Table 1. .P'rope'rties of the isolated alcohols and their acetates

Cale. values for scetyl, C and H percentages are in brackets.

Acetates
[ A Y
M.p. Acetyl C H
) (%) (%) (%)
Tetradecan-1-ol 13-4-14-0 17-0 74-6 126
: , © 14:08 (168) (74:9) (12-6)
Hexadecan-l-ol 24-3-24-5 153 76-1 127
. 24-2¢ . (151) (76-0) (12-8)
- Octadecan-1-o0l ) 32-7-329 139 77-05 13-0
. .32.80 (13-75) (76-9) (12:9)
Eicosan-l1-ol .39.7-39-8 130 77-5 130
. : 40+ 0-5° (12:6) (77-6) (13-0)
Docosan-1-ol 47-6-47.8¢ — — -
~ 49-51¢ — — —
Tetracosan-1-ol ca. 53-5¢ — — —
575 — — —

_ 18-Methylnonadecan-1-ol ~ 30-9-32:9¢

20-Methy]heneicosb.n- 1-0l —

22-Methyltricosan-1-ol —

- Eicos-10-en-1-0l —

Docos-12-en-1-0l —

Tetracos-14-en-1-0l - —

@ Phillips & Mumford (1934).
¢ Tiedt & Truter (1952). .

¢ Murray & Schoenfeld (1952).
9 Ralston (1948).

" Alcohols
r A Y
Minimum
percentage
present
X.-ray long crystal (g./100 g.
M.p. C H spacings (&) non-saponi-
) _ (%) (%) fiables)
37-7-38-0 78-2 14-0 — 39-6 0-2
38:26¢ (784) (14-1) — 39.7/ —
49-3-49-47 79-1 141 36-8 44-0 14
49-629 (79-3) (14-1) 37-4f 44-9¢ —
58-0 79-9 14-15 41-2 —_ 2:5
57-989 (79-9) (14-2) . 41-3f 50-27 —
65-05 80-4 142 454 - 30
6559 (80-5) (14-2) — — —
70-3-70-4 810 141 49-8 — 13
70-69 (81-0) (14-2) 49-95 — —
75:5-757 81-3 14-2 53-2 — 2-0
74-8¢ (813) (14-2) 54-0¢ — —
49-2-49-4% 80-3 142 — — 05
50-3° (80-5) (14-2) — — —
554-559 80-9 14-3 — — 0-4
“57-1¢ (80-9) (14-2) — — —
62:4-62-7 81-15 143 — — 0-5
62:4° . (81-3)-— - -- (14-2) — —
23-5-24-4 810 13-7 — — 06
(81-0) (13-6) — — —
— 814 138 — — 0-4
(81-4) (13-7) — — —
43-3-43-5 816 13-8 — — 05
(81-7) (137) — — —

% The m.p. was unchanged by admixture with an authentic sample,

¢ The acetate was not obtained pure.

¥ Malkin (1930).
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Woal Wax. Part V.* The Constitution of the
a-Hydroxy-acids derived therefrom.

By D. H. S. Horn, F. W. Houcen, E. voN RupLOFF, and D. A. SUTTON.
[Reprint Order No. 4552.]

The saponifiable fraction of wool wax from merino wool yields nearly 309,
of a mixture of optically active 2-hydroxy-n-dodecanoic, -n-tetradecanoic,
-n-hexadecanoic, -n-octadecanoic, and -16-methylheptadecanoic acid.

EARLIER investigations of the saponifiable fraction of wool wax (Lewkowitsch, J. Soc.

« Chem. Ind., 1892, 11, 134 ; 1896, 15, 14; Darmstaedter and Lifschiitz, Ber., 1896, 29, 1474,
2890 ; Rohmann, Biochem. Z., 1916, 77, 298 ; Abraham and Hilditch, J. Soc. Chem. Ind.,
1935, 54, 398T; Bertram, J. Amer. Oil Chem. Soc., 1949, 26, 454) led to the view that it
contains hydroxy-acids. Kuwata (J. Amer. Chem. Soc., 1938, 60, 559) isolated a 2-hydroxy-
n-hexadecanoic acid in 79, yield and Weitkamp (ibid., 1945, 87, 447) isolated ‘also a 2-
hydroxy-n-tetradecanoic acid in 0-29 yield.

Reduction, with lithium aluminium hydride, of a sample of the acids of wool wax
extracted from merino wool and estimation of the 1 : 2-diols in the products with periodic
acid indicated the presence of about 309, of a-hydroxy-acids in the original acid mixture.
By solvent distribution, the mixture was separated into three broad groups (Figure) :
a resinous, polar group of acids (119,) of high molecular weight, a-hydroxy-acids (27%,),
and unhydroxylated acids (62%,).

As it was not possible to purify all the individual a-hydroxy-acids completely by solvent
distribution with the 30-tube apparatus available, their methyl esters were first distilled,
at 1 mm. pressure, in a micro-spinning-band fractionating column described previously
(Part IV *). The pure components were isolated from the appropriate distillates by
crystallisation, together, where necessary, with solvent distribution. The three pure
a-hydroxy-acids obtained were identified, by oxidation with lead tetra-acetate in a current
of air to the corresponding fatty acids containing one carbon atom less (cf. Mendel and
Coops, Rec. Trav. chim., 1939, 58, 1140), as 2-hydroxy-n-dodecanoic, -n-tetradecanoic, and
-n-hexadecanoic acid. The Cy4 ester fraction of the mixture is more thermolabile than the
lower homolgues and could not be resolved readily by fractional distillation. Also its
physical properties were rather different from those of the other fractions and an infra-red
study showed that it contained a large proportion of a branched-chain acid.

The wool wax acids were reduced with lithium aluminium hydride, and the 1 : 2- dlols
originating from the «-hydroxy-acids were separated in a yield of 22% by chromato-
graphy on active alumina. Distillation of the acetates, -hydrolysis, and crystallisation
of appropriate fractions yielded pure #-tetradecane-, n-hexadecane-, n-octadecane-, and

Acid, Diol,
Me ester, r % ] ~— A Al

R in P A \ [«]lp diacetate,
R-CH(OH)-CO,H m. p. b. p./1 mm. m. p. (CHCI,) % m. p. b. p.
CroHay creneennn. 24—25° — 78:0—78-5° —2-8° 2-2 — —_
CisHps v 34-8—35-0 133-5—136-5° 88.2—88:5¢ —3-1 135 77-6—77-9° 154-5°
CuaHyy e 45-5—45-7 153-5—154-0 93-3—93-5¢ 3.2 67-8 84-0—84-2 172
CieHss ... — —-— — } 3.8 3-3 87-7—879 185
CHMe2 C13H28 ca. 40° — ca. 78° - 12-2  75-0—175-8 ca. 188

s Weitkamp (loc. cit.) gives 88-2—88-5°, and Kuwata (loc. cit.) gives 86—87°. b Weitkamp (loc.
cit.) gives 93-6°. ’ .
16-methylheptadecane-1 : 2-diol. After purification of the octadecanediol, too little
remained for further characterisation by oxidation. However, the infra-red absorption is
: * Part IV, J., 1953, 3533. B



identical with that of synthetic (4-)-octadecane-1: 2-diol. 16-Methylheptadecane-1 : 2-
diol, on the other hand, showed the characteristic doublet in the 1360—1400-cm.™! range
of the infra-red absorption spectrum (cf. Part IV). The material was further characterised
by oxidation to 15-methylhexadecanoic acid, identical with a specimen prepared from 12~
methyltridecanoic acid (Part III, J., 1953, 98) by anodic coupling with the half ester of
glutaric acid.

The two remaining «-hydroxy-acids in the mixture are thus characterised as 2-hydroxy-
n-octadecanoic acid and -16-methylheptadecanoic acid. The properties of the compounds.
isolated are summarised in the Table '

6

A, Resin acids.
B, Hydroxy-acids.
C, Unhydroxylated acids.

8

0 A\ | i ] i N
0 70 20 30 40 50 60 70
. No. of transfers

EXPERIMENTAL

Preparation of the Wool Wax Acids.~—Saponification of wool wax extracted from merino wool
and removal of the unsaponifiable material were carried out as described in Part IV (loc. cit.).
The combined alcoholic solutions of the soluble potassium soaps were diluted with water and
acidified and the fatty acids extracted with ether. After drying (Na,SO,), the ethereal
extracts were evaporated to yield the main acid fraction. The yield (45—47 g. from 100 g. of
wax) is about 909, of the acids present in the wax because the acids of low molecular weight
which are very soluble in water and those with very high molecular weight which form potassium
soaps insoluble in 60%, ethanol were isolated separately.

" Isolation of the Hydroxy-acid Fraction.—The o-hydroxy-acids were separated from the
““resin acids "’ and the unhydroxylated acids by counter-current distribution of their methyl
esters in an all-glass, 30-tube apparatus (Messrs. Otto Post & Co., New York, U.S.A)), each
tube of which accommodated 100 c.c. of each phase. The methyl esters (30 g.) of the main acid
fraction were introduced into the first three tubes and distributed between commercial hexane
and 859, ethanol. Each fraction was separately evaporated and weighed (see Figure). The
quantity of a-hydroxy-ester present in each fraction was determined by Hochstein’s active
hydrogen method (J. 4mer. Chem. Soc., 1949, T1, 305). Those fractions which contained
considerable quantities of hydroxy-esters were amalgamated (11-4 g.) and redistributed as
before. In this way the esters were separated into three main groups: (a) .those of high
molecular weight, dark and polar methyl esters of the ‘‘ resin acids ”’ (3-3 g., 10-8%); (b) «-
hydroxy-esters (8-2 g., 27-3%); and (¢) unhydroxylated esters (18-6 g., 61-9%,).

Separation of the a-Hydvoxy-acids.—The material (4-5 g.) representing the peak of the second
distribution curve was nearly pure methyl 2-hydroxy-n-hexadecanoate. Crystallised from
ether and then from acetone, it formed a white powder (3-1 g.), m. p. 45:5—45-7° (Weitkamp,
loc. cit., records m. p. 45:6°), [«], —3:6° (¢, 10 in CHCL,) (Found : C, 71-4; H, 12:0; active H,
0-72%, ; sap. equiv., 288. Calc. for C,,1,,0,: C, 71-3; H, 12:0; active I, 0:70%, ; equiv., 286).
Saponification yielded 2-hydroxy-n-hexadecanoic acid, a white powder (from acetone, then hex-
ane), [«]y, + 3:6° (¢, 6 in pyridine) (cf. Table) [Kuwata, loc. cit., records [«], —1-0° (¢, 5-2in EtOH)]
(Found : C, 70-4; H, 11-9; active H, 0:75%,; equiv., 272. Calc. for C,;H;,0;: C, 70-5; H,
11-8; active H, 0-74%,; equiv., 272). Oxidation of the acid with lead tetra-acetate (method :
Mendel and Coops, loc. cit.) yielded pentadecanoic acid, m. p. 51-5—52-0° (Found : C, 74-5; H,
12-3%; equiv., 241. Calc. for Cy;H,yO0,: C, 74:3; H, 125%; equiv. 242), which did not
depress the m. p. of pentadecanoic acid (m. p. 52-0—52-5°) prepared by oxidation of synthetic
(+)-2-hydroxy-#-hexadecanoic acid. ,

The remaining fractions from the second distribution, together with the mother-liquors from



the crystallisation of the methyl-2-hydroxy-n-hexadecanoate (altogether 5-1 g.), were re-
distributed in a 90-transfer experiment, being separated into three well-defined groups.
Analysis of the material from the tube at the middle of each group, after crystallisation, corre-
sponded very closely to the values expected for methyl 2-hydroxytetradecanoate, 2-hydroxy-
hexadecanoate, and 2-hydroxyoctadecanoate, respectively. A value was assumed for the
partition coefficient of methyl 2-hydroxydodec¢anoate (which did not form a well-defined peak
in the distribution curve) based on the differences found between the coefficients of the other
members (C,,, C,5, C1s) of the homologous series. Then, allowing for the quantity of 2-hydroxy- ~
n-hexadecanoic acid removed by crystallisation, it was possible to calculate fairly accurately the
proportions of the individual hydroxy-acids present. These were in close agreement with those
obtained later from the distillation curves of the diol acetates.

The methyl esters (20 c.c.) of the hydroxy-acids obtained by solvent distribution of total
wool-wax fatty acids were separated further by distillation at 1 mm. in the micro-spinning-band
fractionating column described in Part IV (loc. ¢it.) into the following main fractions : (1) b. p.
100—127° (0-8 c.c.); (2) b. p. 133-5—136-5° (1-0 c.c.); (3) b. p. 153-5—154-0° (9-8 c.c.}); and
{(4) b. p. 165-5—172-5° (3-8 c.c.). '

Methyl 2-hydrvoxy-n-dodecanoate. Fraction 1 was purified by counter-current distribution
between hexane and 859, ethanol (40 transfers). The middle fraction, recrystallised from ether
at —10° to —20°, formed a microcrystalline powder, m. p. 24—25°, [«], —3:0° (¢, 9 in CHCl,)
(Found : C, 68:0; H, 11-1; active H, 0-439%,; sap. equiv., 234. C,,H,.O, requires C, 67-8; H,
11-4; active H, 0-449, ; equiv., 230). The ester (94-3 mg.) was reduced with lithium aluminium
hydride, the diol produced (48:1 mg.) was oxidised with periodic acid (Karnovsky and Rapson,
J. Soc. Chem. Ind., 1946, 65, 138), and the formaldehyde precipitated as the dimedone com-
pound (74-6 mg.), m. p. 184—185° [C,,H,;O, (48-1 mg.) requires 69-2 mg. of dimedone compound,
m. p. 189°).

The ester (182 mg.) gave the acid (128 mg.) which, twice recrystallised from acetone at —30°,
formed a white powder (see Table) (Found : C, 66-9; H, 11-3; active H, 0-90%,; equiv., 220.
C,,H,,0, requires C, 66-6; H, 11-2; active H, 0-93%,; equiv., 216). The acid (20 mg.) was
oxidised with lead tetra-acetate, and the acid produced recrystallised from pentane at —20° as
white powder, m. p. 26-5—27-0° (Found : equiv., 188. Calc. for C;,H,,0,: equiv., 186), not
depressing the m. p. of undecanoic acid, m. p. 27—27-5°, prepared by hydrogenation of undec-
10-enic acid. The 1° discrepancy in m. p. indicates slight impurity.

Methyl 2-hydvoxy-n-tetvadecanoate. Fraction 2 (1 c.c.) was purified by counter-current
distribution and crystallised from ether and then acetone as a white powder, [«], —3:6° (¢, 9
in CHCL) (Found : C, 70-1; H, 12-0; active H, 0-399,; sap. equiv., 261. Calc. for C,;H;,0; :
C, 69-7; H, 11-7; active H, 0-399%,; sap. equiv., 258).

The derived free acid crystallised from acetone at —30° as a white powder (see Table}
(Found : C, 68:8; H, 11-5; active H, 0-899,; equiv., 243. Calc. for C,,H,30,: C, 68:8; H,
11-6; active H, 0-829%,; equiv., 244). o

Oxidation of the acid with lead tetra-acetate yielded n-tridecanoic acid, m. p. 40-5—41-0°
(Found : equiv., 215. Calc. for C;;H,,0,: equiv., 214), alone or mixed with an authentic
sample, m. p. 41-0—41-5°, prepared by oxidation of synthetic (+)-2-hydroxy-»-tetradecanoic
acid.

Methyl 2-hydroxyoctadecanoate isomers. Fraction 4 was purified by counter-current distri-
bution and crystallised from ether and then acetone as a white powder, m. p. 38:5—39-5°,
[e]p —4-5° (¢, 6 in CHCl,) (Found : C, 72-3; H, 12-29%,; active H, 0-329,; sap. equiv., 316.
Calc. for C,;,H,40,: C, 72-6; H, 12-2; active H, 0-32%,; equiv., 315).

The derived mixed acids crystallised from acetone as a white powder (cf. Table) (Found :
C, 71-8; H, 12-09, ; active H, 0-649%,; equiv., 302. Calc. for C;;H;;0,: C, 72-0; H, 12-1; active
H, 0-64%, ; equiv., 300). Oxidation with lead tetra-acetate yielded an acid, m. p. 57—58° (Found:
C, 75-5; H, 12-89,; equiv., 268. Calc. for C;,;H;,0,: C, 75-5; H, 12:79,; equiv., 270). The
mixed m. p. with synthetic 15-methylhexadecanoic acid, m. p. 60-3—60-5°, was about 58—59°.

Synthesis of 15-Methylhexadecanoic Acid.—12-Methyltridecanoic acid (4-56 g.) (Part III,
J.. 1953, 101) and ethyl hydrogen glutarate (9-4 g.; Hesse and Biicking, Annalen, 1949, 563, 31)
were added to a solution of sodium (0-003 g.) in methanol (250 c.c.), and the mixture electrolysed
to yield 15-methylhexadecanoic acid (1-88 g.). It was purified by counter-current distribution
(see Part III). It crystallised from acetone in plates, m. p. 60-3—60-5° (Weitkamp, loc. cit.,
records m. p. 60-2°) (Found: C, 75-6; H, 12:79%,; equiv., 270. Calc. for C;,H;,0,: C, 75:5;
H, 12-79%,; equiv., 270).

Symthesis of (d:)-a-Hydroxy-acids.—In the synthesis of (4)-x-hydroxy-acids by bromination



of a fatty acid and subsequent hydrolysis, Bagard’s method (Bull. Soc. chim., 1907, 1, 30) which
uses 0-33 mol. of phosphorus trichloride, gave a purer bromo-acid than did that of Clark and
Taylor (Org. Synth., 1941, Coll. Vol. I, p. 115).

Characterisation of the Hydroxy-acid Mixture by Fractionation of the Diols.——Wool-wax acids
(300 g.), after methylation, were reduced with lithium aluminium hydride in the usual way, to
yield a mixture of monohydric and dihydric alcohols (258 g.). Acetylation yielded the corre-
sponding acetates which were distilled at 1 mm. into two main fractions : (a) b. p. up to 158°
and (b) b. p. 1568—205°. These were separately saponified and chromatographed on alumina
(cf. Part IV). The two glycol fractions obtained were combined (ca. 56 g., 809%,), acetyated, and
distilled at 1 mm. in the micro-spinning-band fractionating column to yield main fractions :
(1) b. p. 154:5°; (2) b. p. 172°; (3) b. p. 185°; and (4) b. p. 187—192°. '

n-Tetradecane-1 : 2-diol. Fraction 1 was hydrolysed and the diol produced crystallised from
hexane, and then methanol, as plates (Found : C, 73:0; H, 13-1. C,,H,,0, requires C, 73:0;
H, 13-1%,).

n-H exadecrme 1.: 2-diol. Fraction 2, the diacetate, crystallised from methanol as long needles,
f.p.18:4° »¥ 1-4394 (Found : C, 70-1; H, 11-3; Ac, 250. C,,H,,0, requires C, 70-1; H, 11-2;
Ac, 25:1%,), and gave the diol, plates (from hexane and then acetone) (Found : C, 74-5; H, 13-4.
Calc. for C,H;,0,: C, 74:4; H, 13-3%).

16-Methylheptadecane-1 : 2-diol. Fraction 3 was hydrolysed to the diol, plates (from hexane)
(Found: C, 75-6; H, 13:5. Calc. for C,jH;30,: C, 75-5; H, 13-4%). The pure diol was
oxidised with lead tetra-acetate to 15-methylhexadecanoic acid, plates, m. p. 60-2° (Found : C,
75-4; H, 12:7%; equiv., 270. Calc. for C,,H,,0,: C, 75-5; H, 12:7%;. equiv., 270). The
infra-red spectra of both the diol and the degraded acid confirmed the view that they contain a
terminal {sopropyl group.

n-Octadecane-1 : 2-diol. Fraction 4 was hydrolysed and crystallised from hexane, ethanol,
carbon tetrachloride and methanol, to give the diol as plates (Found: C, 75-3; H, 13-5.
C,sH,,0, requires C, 75-5; H, 13-49,). The infra-red absorption spectrum was identical with
that of synthetic (4-)-octadecane-1 : 2-diol (see Part IV). '

For other physical constants see the Table.
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