
Discussions the Renards  procedure which estimates the presence of 
arachidic and lignoceric acids can be adapted to chro- 
matographic technique such as described. The lead salt 
separation which also separates trans acids e.g. iso- 
oleic acid from hydrogenated fats and high molecular 
weight monoethenoid acids e.g. erucic acids can be 
followed by thin-layer chromatography on silver nitrate 
impregnated plates as described by B. Delrries" for the 
detection of such acids. 
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The chromatographic evidence shows that the natural 
presence of varying proportion of minor quantities of 
higher saturated fatty acids can be easily detected by 
the concentration of saturated fatty acids by lead salt 
separation procedure followed by thin-layer chromato- 
graphy. Any other procedure for concentration of satu- 
rated fatty acids would of course lead to similar impro- 
vement such as low temperature crystallisation, urea 
adduct separation or Bertram's oxidation subject of 
course to limitation of particular procedures. Similarly 
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Hydration of Acetylenic Fatty Acids 
B y  R .  K a n n a n ,  M .  Sc., D r .  M .  W. R o o m i , D r .  M .  R. S u b b a r a m  and Dr .  K .  T .  A c h a y a  

Regional Research Laboratory, Hyderabad-9, India 

Hydration of 9,lO-stearolic and 13,14-behenolic acids with con- 
centrated sulphuric acid produces almost equal amounts of the 
corresponding 0x0 acids. On the other hand 6,?-stearolic acid 
yields a mixture of ?4.50/0 of C, and 25.5010 of C, oxostearic 
acids, perhaps because of the proximity of the acetylenic bond 
to the carboxyl group. Undec-10-ynoic acid yields 10-ketounde- 
canoic acid as the sole product thus exhibiting Markownikoff 
addition during hydration of a terminal triple bond. 

Uber die Anlagerung von Wasser an dreifach ungesiittigte Fett- 
siiuren 

Die Wasser-Anlagerung an 9,lO-Stearol- und 13,14-Behenolsaure 
mit konzentrierter Schwefelsaure liefert nahezu gleiche Mengen 
der entsprechenden Oxosauren. Andererseits ergibt 6,?-Stearol- 
siiure ein Gemisch aus 74.5 O/o C,- und 25.5 O/o Ce-Oxostearinsaure, 
wahrscheinlich weil hier die Dreifachbindung naher an der 
Carboxylgruppe liegt. Aus 10-Undecinsaure erhalt man 10-Keto- 
undecansaure als einziges Additionsprodukt gemaD der Markow- 
nikoff'shen Regel. 

Freezing-point curves *, phase diagram and thermal 
data' have so far  been used to investigate the hydration 
of acetylenic fatty acids, more especially 9,lO-stearolic 
acid. G .  M. Robinson and R. Robinson' were the first 
to show that the hydration of 9,lO-stearolic acid pro- 
duces 42.4 O/o of 9-oxostearic acid, the 10-isomer making 
up the rest. Later, phase diagram and thermal studies 
were employed to show that the hydration proceeded 
in a random attack resulting in an equal mixture of 
the 0x0 isomers. T. F. G r e y  et al.e extended this in- 
vestigation to the hydration of behenolic and tariric 
acids. Making use of freezing-point data they concluded 
that the hydration product of behenolic acid comprised 
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La flxatlon d'eau sur des acldes gras A triple liaison 
La fixation d'eau sur les acides 9,lO-stearolique et 13,14- 

behenolique avec de l'acide sulfurique concentre fournit des 
quantites presqu'egales des oxoacides (cetoacides) correspondants. 
Par ailleurs, I'acide 6,?-stearolique fournit un melange de 74.5 O/o 

d'acide C,- et 25.5 O/o d'acide C,-oxostearique, vraisemblable- 
ment parce qu'ici, la triple liaison se situe plus pres du groupe 
carboxyle. Lacide 10-undecolique fournit exclusivement de l'acide 
10-cetoundecanoique, suivant la regle de Markownikoff. 
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72.5 OIo of 13-oxodocosanoic acid and 27.5 O I o  of the 14- 
isomer. Their study on the hydration of tariric acid 
proved to be inconclusive. 

Thus all studies on the hydration of acetylenic acids 
have been based on physical or thermal methods. We 
report in this communication the use of a chemical de- 
gradative approach to the problem such as has been 
recently used in examination of the course of catalytic 
hydrogenation of epoxy fatty acids 5, e. The acetylenic 
fatty acids chosen for hydration are 9,10-stearolic, 13,14- 
behenolic, 6,7-stearolic and undec- 10-ynoic acids, pro- 
viding variety of chain length and double bond position. 

The hydration of acids was carried out at  room tem- 
perature using concentrated sulphuric acid. The resulting 
keto acids were converted by /. Baruch's procedure' of 
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oximation, rearrangement of the oxime and subsequent 
hydrolysis of the amide, to a mixture of mono- and 
dicarboxylic acids. The dicarboxylic acids were sepa- 
rated from the mono- by steam distillation and quanti- 
tated either directly by column chromatography * or 
as  their methyl esters by GLC analysis. 

T h e  hydration product of 9,10-stearolic acid, m. p. 
7Oo-72O C, was found by  column chromatography to 
yield 47 mole of sebacic and 53 O/o mole of azelaic 
acids. Thus  hydration of stearolic acid is an essentially 
random attack on  the triple bond resulting in  an almost 
equal mixture of the 0x0 acids. Since the centre of 
unsaturation is as  far as  9 carbon atoms away from the 
carboxyl group, a n y  inductive effect of the  latter is not 
pronounced. This  is again evident i n  the analysis of 
the hydration product (m. p. 780-80° C) of behenolic 
acid. Quantitation by GLC analysis of the mixed di- 
carboxylic esters showed that the original mixture of 
the 0x0 acids was made  up  of 53.2% mole of 13-0Xo- 
docosanoic and 46.8 O/o mole of 14-oxodocosanoic acids. 
This  observation is in contradiction to  that  of T. F. Grey 
et  al.* who deduced from freezing point da ta  that  the 
hydration product of behenolic acid consisted of 72.5 O/o 

of 13- a n d  27.5O/o of 14-oxodocosanoic acids. Our find- 
ings for  behenolic acid accord with those for  stearolic 
acid, and we believe that  the hydration of both acids 
proceeds in  a random fashion. 

In the hydration of 6,7-stearolic acid, the resulting 
product, m. p. 68.5O-70.5O C, was found by similar 
means to  be a mixture of 74.5Vo mole of the 7-0x0- 
stearic acid and 25.5O/o of the 6-isomer. The predomi- 
nance of the 7-isomer over the 6- could perhaps be due 
to the inductive effect of the carboxyl group, which is 
here  nearer to  the acetylenic linkage than i n  the earlier 
examples. 

Undecynoic acid, an acetylenic acid with a terminal 
triple bond, on hydration with sulphuric acid yields a 
product of m. p. 56O-58O C which was identified as  10- 
ketoundecanoic acid both by  the usual degradation 
procedure and also by its reduction with sodium boro- 
hydride to 10-hydroxyundecanoic acid. This  hydroxy 
acid gave a single spot b y  a thin-layer chromatographic 
method which separates even adjacent  positional iso- 
m e n B .  Thus  hydration of a terminal triple bond yields 
solely the penultimate isomer arising from Markownikof 
additionlo. To check the possible role of the carboxyl 
group, the methyl ester of undecynoic acid, the corres- 
ponding alcohol undecynol and undecynyl acetate were 
all subjected to hydration. T h e  methyl ester gave the 
same product as undecynoic acid showing hydrolysis of 
the methyl group during the conditions of hydration. 
Undecynol gave 10-ketoundecanol, while undecynyl 
acetate was hydrolysed to  the alcohol during hydration 
to yield 10-ketoundecanol. 

E x p e r i m e n t a l  
Full experimental details are given of the studies with 

9,lO-stearolic acid; these also apply to the other acetylenic 
acids. 
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Thc Acctylenic Acids 11 

To a cooled solution of oleic acid (GO g, I. V. 90.2) in 
chloroform (150 ml), bromine (30 g) was added dropwise. 
When the addition was over the mixture was stirred for 3 hrs 
and left overnight. Distillation of the chloroform, and working 
up with ether furnished dibromostearic acid (90 g) as a thick 
viscous liquid. 

Dibromostearic acid (90 g), potassium hydroxide (180 g), 
water (50 ml) and ethanol (750 ml) were taken in a 8-litre 
round bottomed flask and refluxed on a water bath for 8 hrs. 
Most of the alcohol was removed under reduced pressure, 
and the product dissolved in water and acidified with cold 
dil. sulphuric acid. The brown solid that separated was 
filtered, washed, air-dried and crystallised from ethanol to 
give a crystalline white solid, m. p. 440-45' C. 

Analysis Found C 76.7 O/o H 11.1 O/O 

Ci8H3tOz Calcd. C 77.1 O/o H 11.5 O/O 

Petroselinic le and erucic l3 acids similarly gave 6,7-stearolic 
(m. p. 50° C) and behenolic (m. p. 56O C) acids as crystalline 
(ethanol) white solids. Undecenoic acid (b. p. 154O-156O Ci 
6.5 mm) on bromination-dehydrobromination afforded unde- 
cynoic acid (b. p. 177°-1820C/15 mm) which on recrystalli- 
sation from petroleum ether gave the pure acid (m. p. 41° to 
42O C). 

The purity of the above products was judged by thin-layer 
chromatography 14. 

Ilydration Studies 
9,lO-stearolic acid (14 g) was taken in a conical flask 

cooled in ice-salt mixture and ice-cold sulphuric acid (100 ml) 
added dropwise with frequent shaking. When the addition 
was over, the flask was kept at room temperature overnight. 
The contents were poured into ice-cold water, washed free 
of acid and dried to give 13.5 g of a light brown solid (m. p. 
7Oo-72O C), 9(10)-ketostearic acid. 

Analysis Found C 72.8 O/o H 11.1 O/o 

Calcd. C 72.4 O/o H 11.5 O/o C18H3403 

The presence of both 0x0-isomers was confirmed by the 
reduction of the hydration product (0.5 g) in methanol (40 ml) 
with sodium borohydride (0.3 g) at room temperature. The 
product (0.4 g), m. p. 80°-820 C yielded two spots when 
examined by TLC Q. 

Similarly 6(7)-oxooctadecanoic acid, m. p. G8.5O-70.5O C 
and 13(14)-oxodocosanoic acid, m. p. 78"-80° C, were pre- 
pared from 6,7-stearolic and behenolic acids. Undecynoic 
acid (9 g) yielded 7.5 g of oxoundecanoic acid (m. p. 54O to 
56O C). 

G(7)-Oxooctadecanoic acid 
Analysis Found C 72.8 O/o H 11.2 O/o 

Calcd. C 72.4 O/o H 11.5 O/o 

Analysis Found C 74.1 O/o H 12.2 O/o 

Calcd. C 74.6 O/o H 11.9 O/o 

Found C 65.7 O/o H 10.6 "10 
Calcd. C 66.Oo/o H 10.1 O/o 

C18H340, 

CzaH42Os 

C11HzoOs 

13( 14)-Oxodocosanoic acid 

Oxoundecanoic acid 
Analysis 

Oximation 
A mixture of 9(10)-oxooctadecanoic acid (9.6 g), hydroxyl- 

amine hydrochloride (3.5 g), potassium hydroxide (6.5 g) in 
water (20 ml) and ethanol (120 ml) was refluxed for 6 hrs on 
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a water bath. Ethanol was removed under reduced pressure 
and the residue poured into a beaker and acidified with dil. 
sulphuric acid. The  mixture on extraction with ether gave 
a yellow viscous oily liquid. 

The  oximes of the other acids similarly prepared were 
yellow viscous oils. 

Bedrmann Rearrangement 
A mixture of oxime from 9,lO-stearolic acid (9 g) and 

sulphuric acid (72 ml) was heated for 1 h r  in a 3-necked flask 
on a water bath with stirring. On pouring the mixture into 
ice, a brown solid (substituted amide), 7 g, separated. 

Hydrolysis of the Amides 
The  substituted amides (6 g) were dissolved in 30 O/o potas- 

sium hydroxide solution (50 ml) and heated in a n  autoclave 
at 180°-2000 C for 6 hrs. After cooling, the mixture was 
acidified with 1 : 1 hydrochloric acid, steam distilled to remove 
monocarboxylic acids and the residue extracted three times 
with petroleum ether. The combined petroleum ether extract 
was washed twice with water to remove any dibasic acids, 
and the aqueous layer combined with the main aqueous portion 
and exhaustively extracted with ether to furnish the dicar- 
boxylic acids. 

Analysis of Dicarboxylic Acids 
a) By Column Chromatography 
1) Dicarboxylic acids from 9,10-stearolic acid hydration 

The dibasic acid residue (4 mg) in  tertiary butanol (1 ml) 
was transferred to a buffered (18 ml of citrate buffer, 1 M, 
p H  5.4) silicic acid (100 mesh Mallindrrodt, 25 g) column 
(20 mm diam.). The dicarboxylic acids were eluted with 
various concentrations of n-butanol in chloroform (100 ml 
each of 0, 1.5, 3, 5 and 10 O/o n-butanol in chloroform). Eluates 
of 5 ml were collected and titrated with 0.01 N alcoholic 

sodium hydroxide using m-cresol purple indicator solution 
(0.04 O/o). The two peaks obtained were identified as those 
due to sebacic and azelaic acids after co-chromatography 
with authentic samples. The molar proportion of azelaic and 
sebacic acids was found to be 53 and 470/0 respectively. 

2) Dicarboxylic acid from hydration of undecynoic acid 
The dicarboxylic acid residue was identified as sebacic 

acid by column chromatography. Co-chromatography with a 
pure specimen of sebacic acid showed only one peak. 

Methyl undecynoate ( 100°-1020 C/4 mm) gave the same 
oxoundecanoic acid (m. p. 54O-56OC) as that obtained by 
hydration of undecynoic acid. 
b) By GLC Analysis of the Methyl Esters of Dicarboxylic 

Acids 
GLC analysis of the esters was carried out in an  F & M 

Model 720 Unit, provided with thermal conductivity detectors. 
The stainless steel column (1/16 inch X 2 ft) was padced with 
10 O/o SE 30 on Chromosorb W (40-60 mesh). Temperatures 
at  the injection port and detector block were respectively 
250° and 230° C. Programming was done from 120° to 200° C 
at  the rate of 5O C/min. Attenuation was kept a t  4; bridge 
current 120 milliamperes; carrier gas hydrogen; flow rate 
60 ml/min.; sample size 2 pl. 
1) Dicarboxylic acids from hydration of behenolic acid 

The dicarboxylic acid residue was esterified with diazo- 
methane and analysed by GLC. Two peaks for C,, and C,, 
dicarboxylic esters were found, corresponding to molar per- 
centages of 46.8 and 53.2 respectively. 
2) Dicarboxylic acids from hydration of 6,7-stearolic acid 

The esters obtained by diazomethane treatment of the 
dicarboxylic acid residue were analysed by GLC. Two peaks 
corresponding to adipate and pimelate emerged, the respective 
molar percentages being 25.5 and 74.5. 

Eine Apparatur zur automatischen Bestimmung des Fliei3-/Tropfpunktes 
von Wachsen nach Ubbelohde* 

V o n  Dr. D .  R o e m  e r zind Ins. A .  H o c h r e  i t e r ,  Farbwerke Hoechst AG, Werk Gersthofen 

Es wird uber eine Apparatur beri&tet, welche die FlieB- und 
Tropfpunkte von je 12 Wachsproben automatisch zu bestimmen 
gestattet. Ein Thermostat wird programmiert hochgeheizt. Ein 
Zwolfpunktdrudcer zeichnet die Temperaturen der Wachsproben 
auf. Beim FlieDbeginn wird durch die halbkugelformige Kuppc 
eine Lichtschranke unterbrochen, deren Kontakte umlegen. Der 
Schreibereingang wird kurzgeschlossen und damit der FlieDpunkt 
angezeigt. Fallt nun der Wachstropfen, wird der Lichtweg wieder 
freigegeben, die Kontakte nehmen ihre Ausgangslage ein, und 
die Tropftemperatur wird registriert. 

An Apparatus for the Automatic Determination of Ubbelohde's 
Flow-/Drop-Point of Waxes 

An apparatus for automatically determining the flow and drop- 
points of twelve wax samples at a time is described. A thermo- 
stat is heated by programming to high temperature. A twelve- 
point recorder records the temperatures of the wax samples. 
As soon as the flow begins, a semispherical head breaks the 
path of the light whose contacts shift. The recorder current is 
short circuited and with it the flow point is indicated. As the 
wax drop falls, the light path becomes free again, the contacts 
acquire their original positions and the droping temperature is 
registered. 

* Vortrag anlii3lich der DGF-Vortragstagung in  Hannover 
am 24. Oktober 1966. 
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Un apparcillage pour la d6termination automatique du point 
d'6coulement/point de goutte des cires suivant Ubbelobde 

On decrit un appareillage qui permet la determination auto- 
matique et simultanee du point d'ecoulement/point de goutte de 
12 echantillons de  cire. Un thermostat est programme a temp& 
rature elevee. Un dispositif a 12 pistes enregistre les temperatures 
des echantillons. Le debut de l'bcoulement provoque, par le dome 
semi-spherique, I'interruption d'un relais photoelectrique dont les 
contacts se rabattent. L'entree de l'enregistreur est mise en court- 
circuit, ce qui indique le point d'ecoulement. Lorsque la goutte 
tombe, le trajet lumieux redevient libre, les contacts reprennent 
leur position initiale et le point de goutte est enregistre. 

A n n a p a T y p a  pnsr a a T o n i a T w e c K o r o  o n p e A e n e H n s i  T m e K  
T e s e H n s r / r c a n n e n a A e H u x  BOCKOB no M e T o g y  Y66eno~e. 

Onncmmwca a n n a p a T y p a ,  c ~ O M O ~ I O  K O T O P O ~ ~  B03-  
MOXHO a m o M a T m e c i c o e  o n p e a e n e H n e  T o v e x  T e q e H n n  n 
icannenafiemisr ansr 12 c o e A n H e H n f i  CooTBeTcTBeHHo.  Ha- 

eir. T e M n e p a T y p a  BocKoBbix  npo6 ~ A ~ U C M B ~ ~ T C R  A s e H a A -  
I'peBaHIie TepMOCTaTa npOU3BO&UTCSl np0l"paMMFipOBaHU- 

I~ t lTHTOqe~IHIdM IIeqaTHbIM aIIIEbpaTOM. npU H a q U H a I O T U M -  
CR T e 4 e H U U  n p e p h l B a e T C R  CBeToBOfi  6apbep, KOHTaKTbI KO- 
TOpOrO IIOBOpaWiBaIOTCSI. B X O A  C a M O n U C q a  3 a M b t K 8 e T C ~ 1  
HaKOpOTKO. BTUM Pel'NCTPUPYeTCR TOlllEa TeW3HUR. K O r A a  
n a x a e T  I c a n z x  B o c x a ,  o T K p M B a e T c x  n y ~ b  AAS c B e T a ,  ~ 0 3 -  
spatqawrcsr KOHTaKTbI B ucxog~oa n o n o w e H u e ,  p e r n c T p u -  
p y e T c x  T e h r n e p a T y p a  l E a n n e n a A e H n J r .  
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