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ABSTRACT 

Wool wax alcohols consist of aliphatic mono- 
alcohols and alkane 1,2 diols, cholesterol, triterpene 
alcohols, and small amounts of hydrocarbons and 
autoxidation products. The monoalcohols and the 
diols consist of normal, iso and anteiso series. The 
average composition of the wool wax alcohols is 
based on data which were published during the past 
25 years. 

INTRODUCTION 

Wool wax alcohol is a material which derives from the 
saponification of wool wax. The composition of this 
material has been extensively studied for the past 100 years 
by using a variety of fractionation techniques and analytical 
methods. This review is an attempt to summarize the work 
and results of various investigators as well as the average 
composition of wool wax alcohols. 

EARLY INVESTIGATIONS 

Lanolin was launched as a commercial product in 
Germany during 1885 by Jaffe and Darmstadter. What was 
known around that time about the composition of wool 
wax alcohols is as follows. 

1. Chevreul was able to establish in 1856 that wool 
wax does not contain glycerides. This finding was con- 
firmed by Hartman (1) and Schulze (2). 

2. Hartman (I)  identified cholesterol as a component 
of wool wax alcohols during 1868. The identification 
was made solely on the basis of cholesterol's physical 
properties. 

3. Schulze (2) published three articles during 1870- 
1873 in which he confirmed the presence of cholesterol 
in wool wax alcohols. Schulze saponified the wool wax 
with NaOH, extracted the wool wax alcohols with ether 
and recrystallized the extract from alcohol plus ether. 
tie thus collected a large amount of cholesterol which he 
identified by its melting point, color reactions and 
elemental analysis. 

It should be noted that both ttartman and Schulze had 
available to them substantial information concerning the 
physical and chemical properties of cholesterol. Prior to 
1816, when Chevreul (3) coined the term "cholesterine" 
(thole-bile, steros -solid), it was known that this material is 
present in gallstones and that it can be crystallized from 
alcohol as white platelets. It was also Chevreul (4) who 
established in 1815 that cholesterine is an unsaponifiable. 
The term "cholesterine" was changed to "cholesterol" 
when Berthelot (5) demonstrated the presence of a 
hydroxyl group in this material. Shortly afterwards, 
Wislecenus and Moldenauer (6) reported a dibromide of 
cholesterol, thus establishing the presence of  a double 
bond. 

While attempting to separate cholesterol from wool wax 
alcohols by crystallization, Schulze noted the presence of 
another substance which appeared to be gelatinous rather 
than crystalline. In order to accomplish an efficient separa- 

tion, Schulze converted the alcohols into benzoates and 
crystallized the mixture from ether. After separating the 
platelets (cholesterol benzoate) from the needles, Schulze 
established that wool wax alcohols contain, besides the 
levorotatory cholesterol, a dextrorotatory alcohol which 
has a different melting point and crystalline form, but 
approximately the same elemental analysis as cholesterol. For 
this alcohol Schulze coined the name "isocholesterol." 
Since this material changed its melting point on purifica- 
tion, Schulze concluded years later, that "isocholesterol" is 
likely to be a mixture of alcohols. 

Schulze made another important contribution to the 
investigation of wool wax alcohols: based on the hydroxyl 
number of  wool wax alcohols and the acid number of the 
wool wax acids, Schulze concluded that: 1. wool wax 
alcohols must contain some alcohols with higher hydroxyl 
numbers than cholesterol and isocholesterol; 2. these 
additional alcohols must belong to the aliphatic series. 

It does therefore appear from the above that before the 
end of  the 19th century, the following basic characteristics 
of wool wax alcohols were established: wool wax alcohols 
do not contain glycerol; they do contain cholesterol, 
"isocholesterol," and aliphatic alcohols. 

Consequently, a large volume of publications which 
appeared until 1945 dealt with detailed investigations of 
the components of wool wax alcohols. In reviewing this 
literature, one cannot fail to notice that a very large part of 
the publications was devoted to the identification of the 
alcohols in the aliphatic series. This should not be surprising 
since this group of 'alcohols is the most complex one. 

In an excellent review of the work devoted to the 
identification of the aliphatic alcohols, Knol (7) analyzed 
the evidence which various authors presented as proof of 
identity. The aliphatic alcohols which Knol reviewed were 
reported during 1884-1944; they are listed in Table I. 

Based on his critical evaluation of the evidence presented 
by each of the authors for the identity of these alcohols, 
Knol concludes that: " . . .  exceedingly few reliable results 
have been obtained by the classical methods of analysis. 
The main reason is that the aliphatic wool wax alcohols are 
a mixture of many complex substances for which only 
modern methods of  analysis can give reliable results . . . .  " 

The investigation of isocholesterol was hampered by the 
lack of an adequate method to separate isocholesterol from 
wool wax alcohols. Such a method became available in 
1926 when I.ifschutz and Vietmeyer (8) reported that 
isocholesterol does precipitate from a hot solution of 
methanol at ca. 55 C. Shortly afterwards Drummond and 
Baker (9) precipitated a mixture of cholesterol and isocho- 
lesterol from methanol at room temperature and separated 
the cholesterol from isocholesterol by the digitonin 
method. The recrystallized isocholesterol is described by 
Drummond et al. as follows: "Its color reactions have been 
examined. In some respects they resemble those of certain 
members of the sterol group. It is unsaturated, but the 
degree of unsaturation has not been established . . . .  Its 
analysis indicated a smaller carbon content than would be 
required for an isomeride of cholesterol, C27H460, and 
further work will be necessary before a satisfactory formula 
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TABLE I 

Various Aliphatic Alcohols Reported as Constituents of Wool Wax Alcohols (1884-1944) 

Alcohol Formula Author a 

n-Octanol C8H 17 OH Guetta 
Decenol CIoHI9OH (unsaturated) Darmstadter & Lifschutz 
Hendecenol C 11 H21 OH Darmstadter & Lifschutz 
Dodecenol C12H23OH (unsaturated) Lower 
Lanolin Alcohol C12H23OH (unsaturated) Marchetti 
n-Hexadecanol C 16H33OH (cetyl alcohol) Cochenhausen 
Lanooctadecanol C 18H37OH Kuwata & Katuno 
Oleine Alcohol C 18H35OH Linder 
Lanyl Alcohol C 21H40(OH)2 Kuwata & Katuno 
Carnaubyl Alcohol C24H49OH Darmstadter & Lifschutz 
Ceryl Alcohol C26H53OH Various Authors 
Isoceryl Alcohol C27H55OH Bourdet 
Myricyl Alcohol C30H61 OH Bourdet 
Melissyl Alcohol C31H63OH Bourdet 
Unsaturated Alcohols Darmstadter & Lifschutz 

aReferences to authors can be found in Knol's review (7). 

can be assigned to the  subs tance .  Meanwhi le ,  we recom-  
m e n d  tha t  the  mis leading n a m e  i socholes te ro l  be replaced  
by  the  less commi ta l  l anos te ro l  . . . .  " 

Shor t ly  a f t e rwards  Windaus  and  Tschesche  (10)  at- 
t e m p t e d  to  iden t i fy  the  c o m p o n e n t s  of  i socholes tero l .  To 
th is  end,  t hey  separa ted  crude  i socholes te ro l  f rom wool  
wax a lcohols  us ing m e t h a n o l  as the  solvent ,  conve r t ed  it  to  
an ace ta te ,  and  f rac t iona l ly  crystal l ized the  ace ta te  f rom 
e thy l  aceta te .  This  p rocedure  led to  the  i so la t ion  of  an 8% 
f rac t ion  which  was called Agnos te ro l  ( C 3 0 H 4 8 0 ) .  The  
ma jo r  f rac t ion  was n a m e d  Lanos te ro l  ( C 3 0 H s 0 0 ) ,  the  same 
t e rm as used by  D r u m m o n d  et al. to  descr ibe the  to ta l  
i socholes terol .  Since agnos te ro l  and  l anos te ro l  con ta in  30 
ca rbon  a toms ,  Windaus  et  at. conc luded  t ha t  these  two  
c o n s t i t u e n t s  of  i socholes te ro l  are no t  derived f rom choles- 
terol .  Bo th  are d e x t r o r o t a t o r y  and  u n s a t u r a t e d :  l anos te ro l  
has two  doub le  bonds ,  while  agnos tero l  has th ree  doub le  
bonds .  B o t h  give color  reac t ions  wi th  the  L iebe rman-  
Burcha rd  reagent .  

A f u r t h e r  i m p o r t a n t  c o n t r i b u t i o n  to  the  i den t i f i ca t ion  of  
i socholes te ro l ' s  c o n s t i t u e n t s  was made  by  Ruzicka ,  Rey and  
Muhr  (11)  in 1944.  These  invest igators  used an ace tone  
ex t r ac t  of  wool  wax a lcohols  f rom wh ich  they  separa ted  
the  a l iphat ic  a lcohols  by  co lumn c h r o m a t o g r a p h y .  F r o m  
the  r ema in ing  a lcohols  Ruz icka  et  al. r em oved  choles te ro l  
us ing boi l ing m e t h a n o l  and  conve r t ed  i socholes te ro l  to  an 
ace ta te  which  was f rac t iona l ly  crystal l ized.  This  m e t h o d  led 
to  the  i so la t ion  and  iden t i f i ca t ion  of  two more  c o n s t i t u e n t s  
of  i socholes tero l :  

dihydrolanosterol (C30H520) 
dihydroagnostero! (C30H50 O) 

Agnos te ro l  was found  to  be p resen t  in t race  amoun t s .  
Very  l i t t le  work  which  is devo ted  to  sepa ra t ion  f rom 

wool  wax a lcohols  of  any  s terols  besides choles te ro l  can be 
t raced  dur ing  1900-1944 .  The  on ly  s ignif icant  work  in th is  
field was pub l i shed  in 1930 by  Behr ing,  H u m m e l ,  and  
S c h o e n h e i m e r  (12):  these  au t ho r s  claim t h a t  wool  wax 
a lcohols  con ta in  a few pe r cen t  o f  s a tu ra t ed  s terols  such as 
cho les t ano l  (d ihydrocho le s t e ro l ) .  

IDENTIFICATION OF THE 
ALIPHATIC WOOL WAX ALCOHOLS 

The  year  1945 is an i m p o r t a n t  date  in the  s tudy  of  the  
c o m p o s i t i o n  o f  wool  wax alcohols .  I t  was dur ing  1945 tha t :  
1. Daniel ,  Lederer ,  and  VeUuz ( 1 3 ) p u b l i s h e d  the  resul ts  of  
t he  comple t e  c h r o m a t o g r a p h i c  separa t ion  of  wool  wax 
a lcohols ;  2. Wei tkamp (14) ,  by  his work  on  s t ruc tu re -  
e luc ida t ion  of  wool  wax fa t ty  acids, p roved  t ha t  more  
soph is t i ca ted  m e t h o d s  will have to  be used in the  s tudy  of  

wool  wax c o m p o n e n t s  because  of  the  excep t iona l  com- 
p lex i ty  of  the  mater ia l .  

Daniel  et  al. (13)  carr ied ou t  a separa t ion  o f  wool  wax 
a lcohols  on  a l u m i n u m  oxide  by  passing t h r o u g h  the  adsor- 
b e n t  a p e t r o l e u m  e the r  so lu t ion  of  the  a lcohols  and  e lu t ing  
the  co lumn  wi th  p e t r o l e u m  e the r ,  benzol ,  e ther ,  m i x t u r e  of  
the  above  solvents  and  ace tone .  A m o s t  in t e res t ing  f inding 
in th is  s tudy  is the  presence  of  0.2% h y d r o c a r b o n s  in wool  
wax a lcohols  wh ich  was f o u n d  in the  first c h r o m a t o g r a p h i c  
f rac t ions .  The claim is made  t ha t  the  h y d r o c a r b o n s  are n o t  
impur i t i e s  acqui red  dur ing  process ing;  they  are p resen t  in 
the  wax w h e n  ex t r ac t ed  f rom the  wool .  

The  compos i t i on  o f  wool  wax a lcohols  as found  by  
Daniel  et  al. is l is ted in Table  II. 

Accord ing  to  Daniel ,  the  choles ta -3 ,5-d iene-7-one  is n o t  
a c o n s t i t u e n t  of  wool  wax;  it is be ing  f o r m e d  dur ing  the  ho t  
sapon i f i ca t ion  of  the  wool  wax.  

What  is l isted in Table  II as ceryl  a lcohol  is p r o b a b l y  a 
m ix tu r e  of  several a l iphat ic  a lcohols .  

We i tkamp  (14)  con f ined  h imse l f  to  the  s tudy  of  the  
c o m p o s i t i o n  and s t ruc tu re  of  the  wool  wax acids. He was 
able to  prove the  complex i ty  of  the  wool  wax acids by  
es tabl i sh ing the  presence  of  normal - ,  h y d r o x y -  and  
b r a n c h e d  chain (iso and  ante iso)  f a t ty  acids. W e i t k a m p ' s  
work  had  a great  i m p a c t  on  t he  s u b s e q u e n t  s tud ies  of  wool  
wax c o n s t i t u e n t s  by i nduc ing  var ious  inves t igators  to  use 
m o d e r n  isola t ion  and  iden t i f i ca t ion  t echn iques .  

A few years a f te r  W e i t k a m p ' s  work  was pub l i shed ,  a new 
f r ac t iona t ion  m e t h o d  became  k n o w n  which  had  a great  
i m p a c t  on  the  i den t i f i ca t ion  of  the  c o m p o n e n t s  of  wool  
wax alcohols .  

In a G e r m a n  p a t e n t  app l ica t ion ,  12438,  1940,  Bengen 
r epo r t ed  the  abil i ty o f  urea  to  complex  wi th  n o r m a l  ali- 
pha t i c  chemicals ,  bu t  n o t  w i th  b r a n c h e d  chain  or cyclic 
chemicals .  

Bengen ' s  work  became  k n o w n  af te r  World  War II w h e n  

TABLE II 

Composition of  Wool Wax Alcohols (Daniel, 1945) 

Component Weight % 

Insoluble in acetone 15-20 
(predominantly ceryl alcohol) 

Hydrocarbons 0.2 
Unsaturated dextrorotatory ketone 0.05 
Cholesta - 3,5 - diene - 7 - one 0.6 
Ch oleste rol 20-30 
fl-Cholestanol 2-6 
Isocholesteroi 20-26 
Dextrorotatory product 5 

(last filtrate) 
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T A B L E  III 

C o m p o s i t i o n  o f  A l i p h a t i c  Woo l  Wax  A l c o h o l s  ( M u r r a y  e t  al. 1 9 5 2 ,  1 9 5 5 )  
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A l i p h a t i c  N u m b e r  o f  Cha in  l e n g t h  % o f  w o o l  
a l c o h o l s  i den t i f i ed  a l c o h o l s  C h a i n q e n g t h  o f  m a j o r  f r a c t i o n s  w a x  a l c o h o l s  

M o n o a l c o h o l s  - n o r m a l  7 C 18 " C 3 0  C 2 6  " C 18 2 - 3 2  
in d e c r e a s i n g  
a m o u n t  

M o n o a l c o h o l s  - iso 4 C 2 0  " C26  1 8-1 9 2  (1 1 ) 
M o n o a l c o h o l s  - a n t e i s o  6 C 17 " C 2 7  / 

1,2 Diols - n o r m a l  
1,2 Diols - iso ~1.5% 
1,2 Diols - a n t e i s o  

To ta l  2 2 . 5 2  

T A B L E  IV 

C o m p o s i t i o n  o f  U n s a p o n i f i a b l e  Ma t t e r  o f  W o o l  Wax  Sample s  ( H o r n ,  1 9 5 8 )  

U n s a p .  m a t t e r  o f  U n s a p .  m a t t e r  o f  
i n n e r  f leece o u t e r  fleece H a r t o l a n  a 

% H y d r o c a r b o n s  0 .9  0 .5  1.4 
% U r e a - c o m p l e x i n g  a l c o h o l s  14.7  23 .7  17.0  
% I s o c h o l e s t e r o l  44 .2  7 .3  15.0  
% C h o l e s t e r o l  32.5  8 .0  16.0  
% Diols 3.2 2 .4  4 . 0  
% Unre so lved  r e s inous  res idue  3.0 53 .5  4 1 . 0  

To ta l  r e c o v e r e d  98 .5  95 .4  9 4 . 4  

a C o m m e r c i a l  w o o l  w a x  u n s a p o n i f i a b l e s .  

the Technical Missions studied the German technical 
literature which was not available to the Allied countries 
during the war. No time was wasted to check this method 
and its utility. Truter (15) realized soon the importance of 
this method for the separation of wool wax components 
and published in 1951 a study of "Urea Complexes of 
Some Branched Chain and Cyclic Esters." 

The complex which urea is forming with straight chain 
compounds is of the clathrate-type. "The most important 
requirement for the formation of a urea clathrate com- 
pound is that the endocytic component should have a 
straight chain. As in all clathrate compounds, the chemical 
class of the components to be enclosed does not matter. 
Thus, urea will form complexes with hydrocarbons, ethers, 
alcohols, aldehydes, ketones, acids, esters, nitriles, amines, 
halides, etc., and with molecules containing one or more 
functional groups . . . .  " (Truter [ 161 .) 

During 1951, Tiedt and Truter (17) published the results 
of the fractionation of a commercial wool wax alcohol 
("Hartolan") using urea. These investigators found that 
20% of Hartolan formed an additional compound with 
urea, The alcohols were recovered from the complex, 
acetylated and complexed again with urea: one-fifth of the 
acetates did not  form urea complexes, this fact leading to 
the belief that these alcohols must have secondary alcohol 
groups which yield branched chain esters on acetylation. 

The remaining complexed alcohols were fractionated 
from benzene-ethanol and recovered. The five normal 
monoalcohols which were identified by Tiedt and Truter 
range in chain length from C 18 to C 26. 

The previous investigation was reported in more detail 
by Tiedt and Truter in 1952 (18). In addition to n-alcohols, 
they see some evidence for the presence of a group of 
optically active alcohols. 

While Tiedt and Truter's work was earned out at the 
Textile Chemistry Laboratory of the University of Leeds, 
similar work was going on at the South African Council for 
Scientific Research and the Australian Commonwealth 
Scientific and Industrial Research Organization. 

Horn and Hougen (19) reported in 1951 the presence of 
alkane-l,2-diols in wool wax alcohols. These were "isolated 
from that portion of the unsaponifiable material which is 

relatively strongly adsorbed in activated alumina from an 
ether solution (and) by fractional distillation of the acetates 
of this material through a small spinning-band fractionating 
column. The five main fractions were crystallized to purity 
from m e t h a n o l . . ,  and the respective acetates saponified to 
yield the corresponding diols." The molecular weight of  the 
diols was determined by oxidation with periodic acid: each 
diol yielded about one equivalent of formaldehyde. The 
five diols range from C16H3402 to C24H5002. 

Horn and Hougen isolated ca. 2% diols from "Hartolan" 
and 4-5% diols from the unsaponifiable of the wax ex- 
tracted from a local Merino fleece. 

The same investigators found a considerable depression 
in the melting point of a synthetic n-octadecane-l,2-diol 
with the corresponding natural diols. It therefore seemed to 
them likely 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." 

Thus we have here the interesting indication that there 
may exist a structural similarity between the wool wax 
fatty acids and the aliphatic portion of wool wax alcohols. 

In order to establish the structure of the diols, Horn and 
Hougen (20) oxidized the individual diols with lead tetra- 
acetate in a stream of air and obtained acids which were 
compared with synthetic acids. This method, in addition to 
infrared studies of the diols, established the structure of 
one normal diol and four iso diols. 

Von Rudloff (21) attempted in 1951 to use the urea 
complexing method to separate the aliphatic alcohols from 
the total wool wax alcohols. Von Rudloff was able to 
separate 21% of the total alcohols and a small amount of 
dihydric alcohols. However, Von Rudloff was not able to 
separate the monohydric alcohols into individual compo- 
nents. 

Murray and Schoenfeld (22) attempted during the early 
fifties to fractionate the aliphatic wool wax alcohols as 
acetates using Weitkamp's low pressure distillation techni- 
que (14). The crude aliphatic alcohols were derived from 
wool wax which was extracted from Merino wool and 
saponified by the Barnes et al. method (23). The total 
recovered alcohols (44% of the wool wax) were freed from 
the triterpene alcohols by crystallization from methanol 
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TABLE V 

Analysis of Wool Wax Samples (Horn, 1958) 

VOL. 56 

S a p  A c i d  E s t e r  % U n s a p .  % a - k e t o - e n e  in  
W a x  s a m p l e s  v a l u e  v a l u e  v a l u e  m a t t e r  U n s a p .  m a t t e r  

W o o l  f r o m  M e r i n o  e w e  T r a n s v a a l  
A .  I n n e r  f l e e c e  92  4 88  51 5 
B. O u t e r  f l eece  123  17 1 0 6  39  24  

W o o l  f r o m  M e r i n o  e w e  C a p e  P r o v i n c e  
C. I n n e r  f l e e c e  104  5 99  51 1 .0  
D.  I n n e r  f l e e c e  s t o r e d  in  t h e  d a r k ,  

9 m o n t h s  102 6 96  4 8  10 
E.  O u t e r  f l e e c e  112  11 101 --- 15 
F. I n n e r  f l e e c e  e x p o s e d  t o  t h e  

w e a t h e r ,  9 m o n t h s  148  38  110  25  19 
G.  C o m m e r c i a l  w a x  b y  a c i d  c r a c k i n g  120  34  86  38  --- 

and subsequently from cholesterol by Hackman's zinc 
chloride method (24). At this point, the composition of the 
total alcohols was found to be as follows: 

T r i t e r p e n e  a l c o h o l s  2 0 %  

C h o l e s t e r o l  3 0 %  

R e s i d u a l  a l c o h o l s  5 0 %  

The residual alcohols were converted to acetates and 
these were fractionally distilled using a column of the 
spinning-band type. An involved distillation scheme, urea 
complexing, and column chromatography led to the isola- 
tion of 10 alcohols which were identified by oxidation to 

T A B L E  V I  

S t r u c t u r a l  F o r m u l a e  o f  A u t o x i d a t i o n  P r o d u c t s  

Cholesta-3.5-diene-7-one 7-Oxocholesterol 

OH 
Cholestane 33, 5c< 63triol 33-Hydroxylanost-8-ene-7-one 

3j3-Hydoxylanost 
-8-ene-7:1 l<lione 

33-Hydroxylanost 
-8,24-diene-7-one 

33-Hydroxylanost-7:11 -dione 

the corresponding acids. These in turn were identified using 
known iso- and anteiso- acids. 

Murray and Schoenfeld were able to identify six anteiso- 
alcohols (C17 to C27) and four iso-alcohols (C2o to C26), 
but could not isolate any normal alcohols. The amount of 
the identified alcohols represents 22.5% of the total alco- 
hols. The diols were estimated to be 1.5% of the total 
alcohols. 

Because of their failure to identify the normal aliphatic 
alcohols, Murray and Schoenfeld (25) fractionated the 
acetylated unsaponifiable with urea. The acetylated ali- 
phatic alcohols were converted to isobutyrates and these 
were again fractionated with urea. The recovered normal 
alcohols were converted to acetates and fractionally dis- 
tilled. This step was followed by the recovery and recry- 
stallization of  the alcohols. Seven alcohols ( C 1 8  t o  C30) 
were identified as normal alcohols by their m.p., crystal 
spacing, the b.p. of the acetates, and microoxygen analysis. 

Based on Murray and Schoenfeld's total work, the 
composition of the aliphatic wool wax alcohols appears as 
listed in Table III. 

At this point in the study of  aliphatic wool wax alcohol, 
it has been definitely established that there is a structural 
similarity between the aliphatic wool wax alcohols and the 
wool wax acids. This can be seen from the following 
comparison of the structural characteristics of the acids and 
aliphatic alcohols: 

C o n s t i t u e n t s  o f  

W o o l  w a x  a c i d s  W o o l  w a x  a l i p h a t i c  a l c o h o l s  

n - a c id s  n - a l c o h o l s  
i s o  - acids iso - a l c o h o l s  
~mteiso  - ac ids  a n t e i s o  - a l c o h o l s  
c~ - h y d r o x y  - n - a c i d s  n - a l k a n e  - 1,2 d i o l s  
a - h y d r o x y  - i s o  ac ids  i so  - a l k a n e  - 1,2 d i o l s  

Since the presence of cholesterol and triterpene alcohols 
in wool wax alcohols has been established be fore 1945, the 
attention of some investigators was turned to the identifica- 
tion of  the autoxidation products in wool wax alcohols. At 
the same time, advantage was being taken of new analytical 
methods such as gas chromatography, mass spectroscopy, 
and TLC. 

IDENTI FICATION OF A U T O X I D I Z E D  
WOOL WAX ALCOHOLS 

Horn and Ilse (26) published an article in 1956 dealing 
with the autoxidation of wool wax. Since the analysis of  
both the acid fraction and the unsaponifiable was about 
complete at that time, Horn and Ilse felt that it "now 
remains only to identify the autoxidation products which 
are normal constituents of  the commercial product."  

Horn and Isle's findings were published in greater detail 
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FIG. 1. Fractionation of wool wax into classes of constituents (Downing et al. 1960). 

dur ing 1958 by  Horn  (27) .  The unsapon i f i ab le  mater ia l  
wh ich  H o r n  used in his inves t iga t ion  derived f rom:  1. 
f reshly secre ted Merino wax o b t a i n e d  f rom the  i nne r  th i rd  
of  wool  f iber  and  the  ou t e r  th i rd  o f  the  same fiber;  2. 
commerc ia l  wax.  

The  a -ke to -ene  sys tem,  which  results  f rom a u t o x i d a t i o n ,  
was d e t e r m i n e d  by in f ra red  abso rp t ion  at  5.95/1, using 
7 - k e t o d i h y d r o l a n o s t e r o l  as a s tandard .  

The  c o m p o s i t i o n  o f  the  unsapon i f i ab le  mater ia ls  can be 
found  in Table  IV. 

The  acid value,  sap value and es ter  value of  the  original  
wool  wax samples ,  as well as the  % unsapon i f i ab le  and % 
a -ke to -ene  in the  unsapon i f i ab le  are l is ted in Table V. 

The  da ta  in Table  IV and  V suggest the  fol lowing conclu-  
sions: 1. a u t o x i d a t i o n  reduces drast ical ly the  % choles te ro l  
and  i socholes te ro l  in the  unsaponi f i ab le ;  2. the  drop  in % 
choles te ro l  and  i socholes te ro l  is parallel  to  an increase in 
res inous residue;  3. a u t o x i d a t i o n  leads to  an increase o f  the  
acid and  es ter  values of  the  wool  wax and  a decrease in the  
% unsaponi f iab le .  

The  m e t h y l e n e  groups  adjacent  to  the  double  b o n d s  in 
the  wax are, accord ing  to  Horn ,  the  site o f  p r imary  au tox i -  
da t ion .  

It is H o r n ' s  conc lus ion  t h a t  "bes ides  ( the )  h y d r o c a r b o n s ,  
the  unsapon i f i ab le  o f  Mer ino  wool  wax conta ins ,  as its 
major  c o m p o n e n t s ,  t h e . . ,  a l iphat ic  a lcohols  and  diols,  
lanos tero l ,  d ihyd ro l anos t e ro l ,  and  choles terol .  O t h e r  
subs tances ,  such as agnosterol ,  d i h y d r o a g n o s t e r o l  and 
o x y g e n a t e d  derivat ives of  choles te ro l  and  l anos te ro l  wh ich  
have been  i so la ted  f rom the  commerc ia l  wax and  no t  
de tec ted  in the  fresh unsapon i f i ab le  mater ia l ,  are clearly 
ar tefac ts  p r o d u c e d  by a u t o x i d a t i o n . "  

The  presence  of a u t o x i d a t i o n  p r o d u c t s  in wool  wax 
alcohols  was r epo r t ed  by  several invest igators .  Daniel  et  al. 
(13)  r e p o r t e d  choles ta-3 ,5-diene-7-one  as being f o r m e d  
dur ing h o t  saponi f ica t ion .  Mi lburn ,  T r u t e r  and  Woodfo rd  
(28)  inves t iga ted  the  presence  of  7 -oxocho les t e ro l  wh ich  
accord ing  to T r u t e r  (29)  " . . .  is fo rmed  dur ing  storage of  
the  wool  wax alcohols  or the i r  es ters ."  

Besides 7 -oxocho les te ro l ,  Mi lburn  et  al. (28)  r epo r t ed  
the  fo l lowing a u t o x i d a t i o n  p roduc t s  in wool  wax alcohols :  
Cho les t ane  - 3/3: 5a.  6/3 t r iol ;  3~3 H y d r o x y l a n o s t  - 8 - erie - 7 - 
one;  3/3 H y d r o x y l a n o s t  - 8 - ene - 7:11 - d ione .  

Br ieskorn  and Der t inger  (30)  r epo r t ed  in 1968 two  more  
a u t o x i d a t i o n  p roduc t s  in wool  wax a lcohols :  3/3 Hydroxy l -  
anost  - 8 ,24 - d iene - 7 - one;  3/3 H y d r o x y l a n o s t  - 7 : 1 1  - 

dione.  
The  presence  o f  the  m e m b e r s  of  the  V i t amin  D group  or  

the i r  precursors  is qui te  controvers ia l .  I t  does  appear  to  
T r u t e r  (31)  " . . .  t ha t  wool  wax i t se l f  con ta ins  no  precur-  
sors of  V i t amin  D, bu t  t h a t  the  a lcohol ic  f r ac t ion  (poss ibly  
by  au to -ox ida t i on  af te r  sapon i f i ca t ion)  does . "  

It  shou ld  be n o t e d  t ha t  the  pub l i ca t ions  deal ing wi th  
a u t o x i d a t i o n  p r o d u c t s  in wool  wax or wool  wax a lcohols  
con ta in  n u m e r o u s  analy t ica l  m e t h o d s  for  the  i den t i f i ca t ion  
of  these  ar t i facts .  

In R o b e r t  P. Cook ' s  m o n o g r a p h ,  " C h o l e s t e r o l , "  (Aca-  
demic  Press, 1958)  one  can f ind ample  i n f o r m a t i o n  con-  
cerning the  ox ida t ion  of  choles te ro l  (pp.  76-77) .  After  
reviewing the  var ious  a u t o x i d a t i o n  p r o d u c t s  derived f rom 
choles te ro l  and  the  m e c h a n i s m  by which  they  are fo rmed ,  
the  a u t h o r  s ta tes  t ha t  " . . .  t he  view held  general ly  n o w  is 
t h a t  w h e n  large a m o u n t s  o f  these  subs tances  are i so la ted  
f rom na tu ra l  sources,  t hey  are p r o b a b l y  ar t i facts ,  bu t  t ha t  
small  a m o u n t s  are indeed  p resen t  in tissues, where  they  are 
i n t e rmed ia t e s  in choles te ro l  me tabo l i sm.  (cf. Prelog et at. 
1943 ; Has lewood,  1944 . ) . "  

The  s t ruc tu ra l  fo rmulae  of  possible  a u t o x i d a t i o n  
p r o d u c t s  in woo l  wax alcohols  can  be f o u n d  in Table VI. 

C O M P L E T E  A N A L Y S I S  O F  W O O L  W A X  A L C O H O L S  

An inves t iga t ion  of  wool  wax c o n s t i t u e n t s  wh ich  ap- 
peared  in 1960 and  was a u t h o r e d  by  Downing ,  Kranz ,  and  
Murray  (32)  is an in -dep th  s tudy  of  b o t h  the  fa t ty  acids and  
a lcohols  using gas c h r o m a t o g r a p h y .  S ta r t ing  wi th  fresh 
wool  wax,  Downing  et al. p roceeded  w i th  sapon i f i ca t ion  

TABLE VII 

Composition of the Unsaponifiable Fraction of Wool Wax 
(Downing et al. 1960) 

Unsaponifiable fraction Horn and Ilse (1956) 
(51.8% by wt. of wax) Weight % Weight % 

Urea-adducted (13.7) 14.7 
Hydrocarbons 0.3 0.9 
Monoalcohols 9.5 --- 
1,2-Diols 1.5 --- 
Not urea-adducted 
Cholesterol 31 32.5 
Lanosterol 44 44.2 
1,2-Diols 5 3.2 

Undetermined 8.7 4.5 
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TABLE VIII 

Composition of Wool Wax Alcohols (Downing et al. 1960) 

VOL. 56 

% o f  
Number of  Chain length wool wax 

Components identified alcohols Chain length o f  major fractions alcohols 

Monoalcohols, normal 8 C16 - C30 C20, C22, C24, C26 
Monoalcohols, iso 7 C16 - C28 C20, C26 
Monoalcohols, anteiso 9 C17 - C33 C25, C27, C29 
1,2-diols, normal 10 C14 - C24 C16 

1,2-diols, iso 
1,2-diols, anteiso 
Cholesterol 
Lanosterol 
Hydrocarbons 
Undetermined 

Total 

6 C16-C26  C18, C20, C22, C24 
6 C15-C25 C21,C23 

1.8 
3.5 
4.2 
1.5 (urea 

adducted) 

5.0 

31 
44 

0.3 
8.'/ 

100.0 

TABLE IX 

Composition of  Wool Wax Alcohols (Fawaz et al, 1974) 

%of 
Number of  Chain length wool wax 

Components identified alcohols Chain length of major fractions alcohols a 

Monoalcohols, normal 16 C14 - C34 C24 , C26 1.6 
Monoalcohols, iso 11 C14 - C36 C20 , C22 , C26 6.5 
Monoalcohols, anteiso 11 C17 - C35 C21, C25, C27 9.0 
1,2 diols, normal 14 C12 - C25 C16 , C18 , C20 0.4 
1,2 diois, iso 9 C14 " C30 C18, C20, C22, C24 5.9 
1,2 diols, anteiso 8 C 15 - C29 C21, C23 2.4 
Ch oleste rol 38 
Dihydrocholesterol trace 
Cholesta-3,5-diene-7-one 3.6 
Lanosterol 14.8 
Dihydrolanosterol 10.3 
3-hydroxy-lanosta-8-ene-7-one 1.6 
Hydrocarbons 5.9 
Undetermined ! 

Total 100.0 

aCalculated from Fawaz's data. 

and fractionation which involved urea complexing and 
column chromatography for the unsaponifiable. The 
fractionation method as used by Downing can be found in 
Figure 1. 

The quantitative results derived from the fractionation 
method in Figure 1 can be found in Table VII. 

In order to investigate the composition of  each mixture 
of aliphatic alcohols, these were converted to iodides and 
reduced with lithium aluminum hydride to hydrocarbons. 
The hydrocarbon mixtures were gas chromatographed, and 
the identities of  the individual corresponding alcohols were 
established. 

As can be seen from the data in Table VII, Downing's 
figures for the composition of the unsaponifiable match 
closely the figures given by Horn. The composition of wool 
wax alcohols was calculated from Downing's data on 
hydrocarbons derived from the wool wax fractions (Table 
VIII). 

What appears from Table VIII is as follows. 
1. Monoalcohols, normal: Besides the seven C 18 to 

C30 alcohols reported by Murray (25), Downing reports 
the presence of a small amount of C16 alcohols and 
small amounts of three alcohols with odd carbon num- 
bers (C19 , C 21,  C23)-  

2. Monoalcohols, branched: Besides the branched 
alcohols reported by Murray (22), Downing found six 
more constituents of this series. 

3. Diols: Besides the normal- and iso-diols reported 
by Horn and Hougen (19,20), Downing claims to have 
found some anteiso-diols. 
As for the similarity between the acid and aliphatic 

alcohols fraction, Downing claims on the basis of the 
chromatograms that " . . .  the monohydric alcohols and 
non-hydroxylated acid fractions, as well as the 1,2 diols and 
a-hydroxylated acid fractions have somewhat similar 
compositions above C20 , but are quite different below this 
carbon number."  

The gas chromatography of the hydrocarbons which 
derived from the various fractions of the aliphatic alcohols 
offers great advantages over previously used methods 
because of  the stability and rapid elution of the hydrocar- 
bons and the availability of reference hydrocarbons. 

Recently, Fawaz, Chaigneau and Puisieuz (33,34) 
published the results of  an extensive analysis of the un- 
saponifiable derived from lanolin. The fractionation was 
carried out by separating the alcohols into two fractions 
with digitonin followed by chromatography of  each frac- 
tion on silica gel. This method established the composition 
of the alcohols as follows: 

Aliph atic monoalcohols 17.1% 
Aliph atic alkane-diols 8.7% 
Sterols and Triterpene alcohols 68.3% 
Unidentified and polyols 5.9% 

On further investigation using gas chromatography, mass 
spectroscopy and TLC, the authors identified 38 mono- 
alcohols, 31 alkane-diols and 68.3% of sterols and triter- 
pene alcohols. 

The monoalcohols consist of  normal - (9.3%), iso - 
(37.8%) and anteiso - (52.9%) alcohols. 

The 1,2 - alkane-diols consist of normal (4.5%), iso 
(67.5) and anteiso (2.8%) diols. 
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TABLE X 

Structural Formulae of Sterols and Isocholesterol Components 
in Wool Wax Alcohols 

Cholesterol C27H460 Dihydrocholesterol C 27 H48 O 

Lanosterol C30H500 Dihydrolanosterol C30H520 

Agnosterol C30 H48 O Dihydroagnosterol C 30 H500 

The  c o m p o s i t i o n  of  the  lanol in  a lcohols  can be f o u n d  in 
Table  IX. 

The  au tho r s  conc lude  t ha t  the  on ly  real cons t i t uen t s  in 
the  group of  s terols  and  t r i t e rpene  a lcohols  are choles te ro l ,  
l anos te ro l  and  d ihydro lanos t e ro l .  No agnos tero l  or d ihy-  
d roagnos te ro l  were f o u n d  in this  group.  Any o t h e r  
mater ia ls  iden t i f i ed  in th is  group are cons idered  as au tox i -  
da t ion  p roduc t s .  These  conc lus ions  are s imilar  to  the  ones  
made  by Horn  (27) .  

The  s t ruc tu ra l  fo rmulae  of  the  s terol  and  i socholes te ro l  
c o m p o n e n t s  of  wool  wax a lcohols  can be f o u n d  in Table  X. 

SUMMARY 
The  ef for t s  made  dur ing  t he  past  25 years  by  var ious  

inves t igators  to  de t e rmine  the  compos i t i on  of  wool  wax 
a lcohols  p r o d u c e d  deta i led  data  for  b o t h  the  a l iphat ic  and  
cyclic alcohols .  

While the  to ta l  a m o u n t  of  a l iphat ic  a lcohols  is e s t ima ted  
to  be  22% of  the  unsapon i f i ab l e ,  t he  n u m b e r  of  the  com-  
p o n e n t s  of  a l iphat ic  a lcohols  r epo r t ed  b e t w e e n  1955 and  
1974 rose f rom 17 to  69;  the  more  detai led resul ts  are o f  
course  due to  the  use of  more  soph is t i ca ted  analy t ica l  
me thods .  

In our  a t t e m p t s  to  p resen t  the  average c o m p o s i t i o n  o f  
wool  wax alcohols ,  we could  n o t  over look  the  fact t h a t  
each  inves t iga tor  uses  a wool  wax of his  cho ice  which  he  
saponif ies  by  his p re fe r red  m e t h o d ,  separa tes  and  f ract ion-  
ates the  a lcohols  accord ing  to  his  own  scheme,  and  ident i -  
fies the  c o m p o n e n t s  using the  mos t  advanced  ana ly t ica l  
me thods .  In view of  the  above,  i t  is u n d e r s t a n d a b l e  t ha t  the  
averaging of  the  r epo r t ed  resul ts  for  the  pe rcen t  o f  var ious  
a lcohols  in the  unsapon i f i ab le  can at best  ref lect  an approx-  
ima te  result .  Nevertheless ,  the  resul ts  r epor t ed  by Murray et  
al. (1955) ,  Horn  (1958) ,  Downing  et  al. ( 1960) ,  and  Fawaz 
et al. ( 1 9 7 4 )  do have this  in c o m m o n :  they  were ob t a ined  
from wool  wax alcohols  which  these  au tho r s  p repa red  
themselves .  Also, wi th  the  e x c e p t i o n  of  Fawaz,  who  used 
lanol in  as a s ta r t ing  mater ia l ,  the  o t h e r  au tho r s  ex t r ac t ed  
the i r  woo l  wax f rom the  wool.  Because of  the care which  
every one  of  the  au thors  gave to  each s tep,  the  resul t ing  
wool  wax a lcohols  had  only a small  a m o u n t  of  au tox id ized  
mater ia l .  It would  the re fo re  appea r  t ha t  the  percentages  
given by  these au tho r s  for  the  var ious a lcohols  are close to 
the  pe rcen t  c o m p o s i t i o n  of  the  wool  a lcohols  originally 
p re sen t  in a wool  wax con ta in ing  very l i t t le ,  if any,  au toxi -  
d ized  p roduc t s .  

With  this  in mind ,  we p roceeded  to  average the  pe rcen t  
c o m p o s i t i o n  using the  data p resen ted  by  Murray ,  Horn ,  
Downing ,  and  Fawaz. These  averages can be f o u n d  in Table  
XI. 

As it  will appear  f rom Table  XI,  cho les te ro l  and  the  
t r i t e rpene  a lcohols  (also k n o w n  as i socholes te ro l )  are the  
ma jo r  c o m p o n e n t s  o f  wool  wax a lcohols .  T h e y  are present  
in a b o u t  equal  a m o u n t s  and  t oge the r  they  rep resen t  ca. 
72% of  the  to ta l  alcohols .  The  a l iphat ic  m o n o a l c o h o l s  as 
well as the  a lkane 1,2-diols are p r e d o m i n a n t l y  b r a n c h e d  
chain  mater ia ls ;  the  to ta l  a l iphat ic  po r t i on  represen t s  ca. 
22% of  the  to ta l  alcohols .  The  h y d r o c a r b o n s  fo rm ca. 1% of  
the  a lcohols ,  whi le  the  pe rcen t  of  a u t o x i d a t i o n  p roduc t s  
will depend  on  the  qual i ty  of  the  original  wool  wax,  saponi-  
f i ca t ion  p rocedure ,  and  m e t h o d  for the  sepa ra t ion  of  the  
a lcohols .  
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TABLE XI 

Summary of the Average Composition of Wool Wax Alcohols (1955-74) 

Components Chain length a % of  wool wax alcohols 

Normal mono-alcohols C14 - C34 2 
Iso mono-alcohols C14 - C36 J13 (1:1) Anteiso mono-alcohols C17 - C35 / 
Normal alkane 1,2-diols C12 - C25 1 
Iso alkane 1,2 diols C14 - C30 J 6 (l:0.S) 
Anteiso alkane 1,2 diols CI 5 - C29 ! 
Cholesterol 34 
Lanosterol { 38 
Dihydrolanosterol 
Hydroearbons l 
Autoxidation products and undetermined 5 

Total 100 

aFawaz et al. 



658  JOURNAL OF THE AMERICAN OIL CHEMISTS' SOCIETY (SD&C 96)VOL. 56 

REFERENCES 

1. Hartman, "Uber den Fettschweiss der Schaffwolle," Gottingen, 
1868. 

2. Sehulze, E., Ztschr. Chem. 453 (1870); Ber. Chem. Ges. 
5:1075 (1872),6:251 (1873). 

3. Chevreul, M.E., Ann. Chim. Phys. 2:339 (1816). 
4. Chevreul, M.E., Ann. Chim. 95:5 (1815). 
5. Berthelot, M., Ann. Chim. Phys. 56:51 (1859). 
6. Wislecenus, J., and W. Moldenauer, Ann. 146:175 (1868). 
7. Knol, N.V., JAOCS 31:59 (1954). 
8. Lifschutz, I., and O. Vietmeyer, Z. Physiol. Chem. 155:240 

(1926). 
9. Drummond, J.C., and L.C. Baker, J. Soc. Chem. Ind. 48:232 

(1929). 
10. Windaus, A., and R. Tschesche, Z. Physiol. Chem. 190:51 

(1930). 
11. Ruzicka, L., Ed. Rey, and A.C. Muhr, Helv. Chim. Acta. 

27:472 (1944). 
12. Behring, H., R. Hummel, and R. Schoenheimer, Z. Physiol. 

Chem. 192:93 (1930). 
13. Daniel, D., E. Lederer, and L. Velluz, Bull. Soc. Chim. Biol. 

27:218 (1945). 
14. Weitkamp, A.W., J. Am. Chem. Soc. 67:447 (1945). 
15. Truter, E.V., J. Chem. Soc. 2416 (1951). 
16. Truter, E.V., ''Wool Wax," Cleaver Hume Press, Ltd., London, 

(1956), p. 202. 
17. Tiedt, J., and E.V. Truter, Chem. & Ind. 911 (1951). 

18. Tiedt, J., and E.V. Truter, J. Chem. Soc. 4628 (1952). 
19. Horn, D.H.S., and F.W. Hougen, Chem. &Ind .  670 (1951). 
20. Horn, D.H.S., and F.W. Hougen, J. Chem. Soc. 3533 (1953). 
21. Von Rudloff, E., Chem. & Ind. 338 (1951). 
22. Murray, K.E., and R. Schoenfeld, JAOCS 29:416 (1952). 
23. Barnes, C.S., R.G. Curtis, and H.H. Hart, Aust. J. Appl. Sci. 

3:88 (1952). 
24. Hackman, J.T., Dutch Patent 65,260, 1950. 
25. Murray, K.E., and R. Schoenfeld, Aust. J. Chem. 8:424 

(1955). 
26. Horn, D.H.S., and D. Ilse, Chem. & Ind. 524 (1956). 
27. Horn, D.H.S., J. Sci. Food Agric. 9:632 (1958). 
28. Milburn, A.H., E.V. Truter, and F.P. Woodford, J. Chem. Soc. 

1740 (1956). 
29. Truter, E.V., "Wool Wax," Cleaver Hume Press, Ltd., London, 

1956, p. 57. 
30. Brieskorn, C.H., and G. Dertinger, Tetrahedron Lett. No. 

59:6237 (1968). 
31. Truter, E.V., "Wool Wax," Cleaver Hume Press, Ltd., London, 

1956, p. 51. 
32. Downing, D.T., Z.H. Kranz, and K.E. Murray, Aust. J. Chem. 

13:80 (1960). 
33. Fawaz, F., M. Chaigneau, and F. Puisieux, Ann. Pharm. Fr. 32 

(3):215 (1974). 
34. Fawaz, F., M. Chaigneau, and F. Puisieux, Ibid. 32(5):301 

(1974). 

[Rece ived  May 25,  1978]  


