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I N earlier communications (5) there have been pre- 
sented the solidification point diagrams of " e v e n "  
fa t ty  acids from eight to '34 carbon atoms. Their  

vahte as analytical tools has been demonstrated ill 
several reported installces (1, 3, 6) by tile charac- 
terization of tile saturated fa t ty  acids of certain 
natura l ly  occurring waxes and glyeeride oils. We 
here repor t  the extension of the series by an addi- 
tional pair, the C~+-(!:~,; acids. 

The lower acids of the series either had been pre- 
pared by  conventional methods from readily avail- 
able materials (Nee Fats)  or had been isolated from 
natura l  products. Since the objective in this case l)f 
necessity required the preparat ion of one of the 
higher members of the series, a method l>el'nfitting 
the addition of more than a few carbon atonis at a 
time to a lower member was a dcsMeratunl. The syn- 
thesis used by  Spielman and Schneider (7) for the 
preparat ion of 10-methyl st(~lric acid as modified by 
Schuette and Roth (5d) fOl" the prepara.tion of tetra- 
tr iacontanoie acid appeared to be the most suitable 
in spite of low yiehls and other inllerent difficulties. 

Behenic acid, which is readily prel)ared from tile 
erucic acid of rape seed oil, 1)rovides a eouvenient 
l)oint of depar ture  for  the synthesis of its higher 
homoh)gues. The chief criticism of such a course, 
however, stents from the fact that  it (hies not lead to 
good yields when such long-t:hain (.onq)olin(ls are in- 
volved. Although fn r the r  modifications ill teChlliqUt~' 
were introduced in the procedure as previously de- 
scribed (5d),  the changes did not produce tile sought- 
for higher yields. The substitution of cadmium chlo- 
ride for the very hygroscopic zinc ehh)ride in the 
coupling of behenyl metal halide with o,-carbethoxy- 
honey1 chloride was a decided improvement.  Behenyl 
bromide, used in prepar ing  the Grignard compound, 
was found to be superior to the iodide with respect 
to ease of s tart ing the reaction and to its complete- 
ness. A Gilman color test (2a) of the Grignard solu- 
tion indicated an 87% yield of beheny] magnesium 
bromide. IIowever, the overall yield to the ketoester 
was only about 30%. I t  appears, then, tha t  the low 
yield is due pr imar i ly  to the failure of the (,)-earbe- 
thoxynonoyl  chloride to couple p roper ly?  Accepta- 
ble quantities of the desired ketoester were obtained 
by  conducting the reaction in d ry  benzene at reflex 

t e m p e r a t u r e  for  two hours. F rom this point to the 
saturated normal acid a series of reactions involving 
reduction of the ketone, replacement of the resulting 
hydroxy  group by  iodine, and substi tution of the 
iodine by  hydrogen with zinc in acetic acid gave 
excellent yields. 

Conversion of dotriacontanoic acid to hexatriacon- 
tanoic acid was effeeted through the use of the ma- 
lonie ester synthesis in two stages. An improvement  

1 T h i s  i n v e s t i g a t i o n  w a s  s u p p o r t e d  by a g r a n t  f r o m  S. C. J o h n s o n  a n d  
Son, Inc . ,  Rac ine ,  Wiscons in .  

2 J o h n s o n  C o m p a n y  fel low. P r e s e n t  address ,  S t a n d a r d  Oil Company ,  
El izabeth,  N e w  Je r s ey .  

arc .  G. J o n e s  ( J .  Am.  Chem.  Soc., 69, 1947, 2350 )  h a s  recen t ly  
r epo r t ed  good yie lds  of long-cha in  keto es te rs  by  coup l ing  w-carbe- 
thoxyacyl  chlor ides  w i t h  octadecyl  zinc chlor ide  and  u s i n g  an  excess  of 
th is  G r i g n a r d  compound .  

in one stcp in ttle procedure was the tlydr()gcnolysis 
of ethyl dotriaeorltanoate and ethyl tetratr iacontan- 
ate to the corrt'sl)onding alctlhols ill I)racticMly quan- 
titative yMds  at 200 ~ (t. and 400 atmospheres pressure 
ra ther  than at 250~ antl 250 atmospheres. 

The transit ion point data t)f tetratr iacontanoic and 
hexatriaeontant)ie acids arc given in Table I. 

TA P, LF  :[ 

T r a n s i l i o n  P o i n t  ] ) a t a  

Solidifi- 
cat ion 

Acid I ' o i n t  
Obse~'ved 

Tet  r a t r i acon lano ic .  ............. I 97.70 
I 

I [ exa t r i a cen l ano i c  .............. I 99.65 

lCesolidi- Mel t ing  Po in t  
f ica t ion J - - -  - -  
l )o in t  1 

I Ro~mr~ed 2 I Observed  I Rcp orted2 .... :d; -  / oc. ~ 

97.8 I . . . . . . . . . . . .  

b 99.7 I .09.8 I 99.9 

~The  resol id i f icaf ien  point  is tha t  t e m p e r a t u r e  a t  which the  p~trtlg 
mol ten  spec imen  in the  capi l lary  tube  commences  Io rcsol idify w h e n  the  
l cml , c r a tu rc  is lowered  v e r y  slowly. ] t  is a close a p p r o x i m a t i o n  of the 
t rue  solidification point .  

l , ' rancis,  F., and  P ipe r ,  S. n . ,  J .  Am.  Chem.  Soc., 6l,  577 (19:19).  

Tile solidification point curve for the (~:~-(J:~,~ acitls 
was prepared  as before described for tim lower mem- 
bers of the series. In order to conserve nmterial 0.4 
gram of the tetratr iacontanoie acid was weighed into 
the solidification I)tlint tube and small increments of 
the hexatriaeontanoic acid were carefully added after  
each determination of tile solidifieatiou point. The 
data used in tile construction of the curve (Fig. 1) 
are given in Table II.  

T A B L E  I I  

Solidif icat ion P o i n t s  of B i n a r y  M i x t u r e s  of T e t r u t r i a c e n t a n o i c  
a n d  l l e x a t r i a c o n t a n o i c  Acids  

Composi t ion  Solidif icat ion 
C~ ac id  C:~ acid  P o i n t  

mole pe r  cent  ~ (cor r . )  

100.0O 0.0O 
90.32 9.68 
85.38 14.62 
80.71 19.29 
78.88 21.12 
76.00 24.00 
70.99 2 9 . 0 l  
65.41 34.59 
57.19 42.81 
50.24 49.76 
44.79 55.21 
41 .46  58.54 
32.05 67.95 
23.05 76.95 
13.17 86.83 

0.00 100.00 

97.70 
95.22 
94.24 
93.91 
93.80 
93.72 
93.66 
93.81 
94.13 
94.17 
94.26 
94.44 
95.37 
96.94 
98.00 
99.65 
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Experimental Procedure 
Docosanol-1. Ethy l  behenate (200 g.) was subjected 

to high-pressure hydrogenolysis over 10 g. of copper- 
chromium oxide catalyst. Upon recrystallizing the 
product  f rom ethanol there were obtained 170 g. of 
docosanol, m.p. 70-70.4 ~ 

Docosyl Bromide. Dry hydrogen bromide, p repared  
by  combustion of bromine vapor  in hydrogen (4), 
was passed for  four  hours into a molten, 160-gram 
port ion of docosanol-1 contained in a 500-cc. distilling 
flask. The docosyl bromide was recovered by  extrac- 
tion with petroleum ether bu t  only af ter  considerable 
difficulty with emulsion formation to which the sul- 
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fur ie  acid t r ea tment  for  the removal  of unreac ted  
docosanol was a contr ibut ive factor.  A 90-gram yield 
of the bromide was obtained a f te r  distillation, b.p. 
218-220~ at 0.2 ram. 
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MOLE PERGENT C34 ACID 

F r o .  1. S o l i d i f i c a t i o n  p o i n t  d i ~ g r a r n  o f  b i n a r y  m i x t u r e s  o f  
tetratriacontmmic and hcxatriaeontanoie acids. 

~-Carbethoxynonoyl Chloride. A reaction mixture  
consisting of 90 g. of ethyl hydrogen sebaeate (8) 
and  55 g. of thionyl chloride was heated for  four  
hours  at 35 ~ to 50~ trader a reflux condenser pro- 
teeted with a calcium chloride d ry ing  tube. The 
volatile components were removed with an aspira-  
tor - type  water  p u m p  while the t empera tu re  of the 
mix tu re  was kept  at 100~ A yield of 60 g. (b.p.  
129~176 at  I nun.) was obtained upon distillation 
th rough  a Widmer column. 

lO-Kctodotriacontano@ Acid. To 1.85 (.077 mole) 
of magnesium turnings  and 10 ec. of anhydrous  ethyl 
ether contained in a thoroughly dried, three-neck 
flask fitted with a dropping funnel,  a condenser, and a 
nlereury-sealed st irrer,  there was added, over a three- 
hour  period, a 30-gram (.077 mole) charge of docosyl 
bromide in 100 ee. of d ry  ethyl ether while the reac- 
tion mixture  itself was being vigorously st i rred and 
kept  at reflux tempera ture .  When the reaction was 
complete, as indicated by  the disappearance of the 
magnesium, 0.4 mole (7 g.) of anhydrous  eadmimn 
chloride was added, l l ea t ing  was continued unt i l  a 
sample showed a negative Gihnan test  (Yb). Af te r  
removal  of the ether by  distillation and its replace- 
merit by  50 ec. of d ry  benzene .062 mole (15 g.) of 
( o - e a r b e t h o x y n o n o y l  chloride in d ry  benzene was 
added, with st irr ing,  to the boiling mixture.  Af t e r  
two hours  it was cooled, then 10% hydrochloric acid 
solution was cautiously added, a f te r  which the whole 
was vigorously s t i r red for 10 minutes. The benzene 
layer  was separated and washed successively with 
water,  5% sodium bicarbonate  solution, and water,  
whereupon the solution was filtered and the benzene 
removed by  distillation. The residue was saponified 
with alcoholic potassium hydroxide solution. The po- 
tassium soaps were converted to ba r ium soaps by  the 
addit ion of ba r ium chloride a f te r  which they were 
filtered off, dried, and extracted with benzene. Acidi- 
fication of the ba r ium soaps with hot 5% hydrochloric 
acid solution, followed by  recrystal l izat ion of the lib- 

erated acid, resulted in a yield of 24.5 g. of 10-ketodo- 
tr iacontanoic acid, m.p. 105-106~ 

lO-Ketodotriacontanoic to Tetratriacontanoic Acid. 
The 10-ketotriacontanoic acid was converted to the 
normal  acid and then to te t ra t r iacontanoic  acid by  
the use of procedures described in an earl ier  com- 
municat ion (5d).  

Tetratriacontanoic to Hexatriacontanoic Acid. Five  
and one-half grams of te t ra t r iacontanol  obtained by  
hydrogenolysis  of ethyl t e t r a t r i a c o n t a n o a t e ,  were 
heated for  5 hours at  135-170~ with 1.7 g. of iodine 
and  0.3 g. of red phosphorus.  F ive  grams of tetra-  
t r iaeontanyl  iodide were recovered b y  extract ion of 
the reaction mixture  with benzene. 

To 30 ec. of n-butanol  in a 500-ee. round  bot tom 
flask equipped with st irrer ,  condenser, and dropping  
funnel  were added .85 g. (.037 mole) of sodium and 
7 ee. (.051 mole) of malonic ester. The te t ra t r iaeon-  
tanyl  iodide (5 g.) was added and the mix tu re  main-  
tained a t  reflux t empera tu re  for 6 hours. F i f teen  
grams of potassium hydroxide in 300 ce. of ethanol 
were added and refluxing continued for  4 hours. 
Af te r  cooling, the potassimn soaps were removed by  
fi l tration and  suspended in hydrochloric acid solution. 
The gelatinous dicarboxylie acid was par t i a l ly  dried 
in a vacmim oven and then heated in a round bottom 
flask for  30 horn's dur ing  which time the t empera tu re  
was raised f rom 140 ~ to 170~ The hexatr iacon- 
tanoic acid thus obtained was dissolved in hot ben- 
zene, deeolorized with Nm.ite, and filtered while hot. 
The solution was diluted to twice its volume with 
ethanol, containing 15 g. of sodimn hydroxide,  and 
heated for  30 minutcs. Three grams of ba r ium chlo- 
ride were added to precipi ta te  the ba r i um soap which 
af ter  30 mimltes of refluxing was filtered off, dried, 
and extracted with benzene. The bar iunI  soap was 
suspended in hot hy<lr(mhloric~ acid solution. Recrys- 
tallization of the aeid from glacial acetic acid yielded 
3.7 g. This was rccrystall ized five times f rom benzene, 
using Norite as a decolorizing agent. 

S u m m a r y  

With the synthesis of n-hcxatr iacontanoic acid (sol. 
pt. 99.65~ this t ime coupling o, carbethoxynonoyl  
chloride with cadmium docosyl bromide,  r a the r  than  
with its zinc iodide counterpar t  (Sd), to fo rm n-dotri- 
acontanoic acid, f rom which b y  malonic-ester syn- 
thesis, the chain was lengthened in two stages, the 
series of solidification point  curves of b ina ry  mix- 
tnres of the hmnoh)gons acids in question has been 
increased b y  one pair. Detailed descriptions of the 
several steps involved in these syntheses have been 
given. The curve, al though slightly f l a t t e r - - i t  is here 
drawn to a different scale than  tha t  previously  used 
( 5 ) - - h a s  the same general shape as those previously 
repor ted for  the homologous f a t t y  acids in this area. 
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