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Aldehydes 

O 
LEALDEI-IYDE, linolealdehyde, and linolenaldehyde 
have been recently prepared by Mangold, using 
a modified Grundmann reaction (1). At  about 

the same time Kaufmann  and Kirschnek prepared the 
two lat ter  compounds by a similar technique (2).  
Bouquet  and Paquot  have synthesized the o leyl and 
erueyl  derivatives by cleavage of the glycols derived 
f rom the corresponding aeyloins (3).  The use of the 
acyloin intermediate however has not been extended 
to the preparat ion of long-chain polyunsatura ted alde- 
hydes. This approach seemed to merit  consideration 
as a means of obtaining these eompounds since the 
yields arc high and little destruction of the unsatura-  
tion would be anticipated. Fur the rmore  the reduction 
of the aeyloins and subsequent cleavage of the gly- 
cols may be effected quanti tat ively and under  mild 
conditions. 

The present contribution is concerned with the prep- 
aration, via the acyloilt condensation, of aldehydes 
from Irlethyl linolenate and from a fract ion of highly 
unsaturated methyl esters derived from menhaden oil. 

Experimental 
The following sequence of reactions represents tile 

synthesis : 

O 
Li 

(1) R--C--O Clla 

O OH 

(2) [ ~ - C - C H - R  

OH OtI  

(3) R - C H - C I f - R  

O Oi l  
II I > 

xylene R - C - C l l - I r  

()i[  e l  I 
IAA1H4 I I ) 

ether R - C I I - ( ! I I - I {  

O 
_ Pb(OAc)4  > [[ 

benzene R - C H  

The intermediate and final products were analyzed by 
s tandard methods and by the relatively new technique 
of thin-layer sitieic acid chromatography.  
Materials and Equipment 

Pure  methyl  linolenate was purchased from the 
Hormel  Foundation,  Austin, Minn. (I.V. 272.5, 0.49% 
conjugated diene, no conjugated tr iene) .  Methyl esters 
were prepared f rom menhaden oil by transesterifica- 
tion, and a highly unsaturated fraction, free of unsa- 
ponifiable matter,  was obtained by molecular distil- 
lation (I.V. 252.2, sap. eq. 315.8, trace of conjugated 
diene).  

As in previous work (4,5,6), thin layers (250 to 
to 275 ~) of silicic acid on glass plates (20 x 20 era.) 
were prepared by the method of Stahl (7). The ap- 
paratus  for  the application of the silieie acid films was 
obtained from C. Desaga, G.m.b.H., Heidelberg, Ger- 
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many, together with "S i l i ca  Gel G , "  which is pro- 
duced by E. Merck A.G., Darmstadt ,  Germany. 

P r e p a r a t i o n  of  Glycols  

Hexatriconta-3,6,9,27,30,33-hexaene-18,19-diol. The 
aeyloin condensation was carried out, using methyl 
]inolenate according to the niethod of Hansley (8).  
Into a reaction flask equipped with mechanical st irrer,  
dropping funnel, condenser, and gas-bubbling tube 
were placed 100 ml. of freshly distilled xylene and 
1.6 g. (0.070 mole) of sodimn. The tempera ture  was 
raised to 115~ and a fine dispersion of sodium was 
formed by vigorous s t i rr ing of the mixture.  Af ter  
the suspension had been bubbled with 99.99% nitro- 
gen for  about 15 lnin., 10.0 g. (0.034 mole) of methyl 
linolenate werc added over a period of 30 min. The 
reaction was continued for an additional 30 min. af ter  
addition of the ester was complete. I t  is essential 
that  the mixture  be eontimlously bubbled with pure, 
d ry  nitrogen. The reaction mixture  was allowed to 
cool to at)proximately 85~ then a slight exeess of 
methanol was added lo d(,slr'oy tile residual sodium. 
This step was inlm(;dia|ely followed by the addition of 
100 ml. of distilled water, and t/re mixture  was trans- 
ferred to a Sel)aratory t'umlel and alh)wed to cool to 
room tcml)erature. E thy l  etll(,r (100 ml.) was added, 
and tile aqueous phase was removed. Tire organic 
layer was washed with water until free of soaps, then 
once, with dillrlC hydroetfloric avid, and finally with 
wat(,r until the washings were m,utra]. The organic 
phase was dried over anhy(lvous sodium sulfate and 
filt(:r(,d, aH([ |tie solv(mt was removed on a rotary 
e.vaporator. A y M d  of 8.6 g. of crude linolenoin was 
obtained. 

A solution of the crude linolenoin in ethyl ether 
was added over a period of 15 rain. to a flask contain- 
ing 0.83 g. (0.022 mole) of lilllium aluminum hydr ide  
in 100 nil. of anhydrous ethyl ether. The reaction 
mixture was refluxed for I hr. and then worked up 
iir the u s u a l  n i a l l i i e r .  T h e  ( : r u ( l c  glyeol in petroleum 
ether (b.p. 30-(i0~ was placed on a 200-g. cohimn 
of 1:1 silicie acid (Mallinkrodt, chromatographie 
gr'ade) and eelhilose I)owder (Whatnran, coarse grade) 
previously saturated with petroleum ether. Ehit ion 
with 90:10 petrolemn cthcr-ethyl ether gave 7.9 g. of 
the pure  glycol (re.l). 4fi-48~ The product  was a 
white wax-like solid that  was difficult to crystallize. 
The over-all yield of hexatriconta-3,6,9,27,30,33-hexa- 
enc-18,19-diol was 88%, based on the s tar t ing ester. 

Analyses: Vicinal glycol by periodate:  99.2%. 
Calculated for  C36H6202: C, 82.06; It ,  11.86. 
Found:  C, 82.80; tf ,  11.94. 

Glycols from Menhade), Oil. When 10.0 g. (0.032 
mole) of esters derived from menhaden oil were used 
as s tar t ing material, an over-all yield of 8.1 g. (89%) 
of pure mixed glycols was obtained. 
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Analyses:  Vieinal glycol by periodate: 99.6%. 
Iodine value found:  272.7. Theoretical: 277.7. 

Preparation of Aldehydes 
Linolcnaldehyde. About  7.5 g. (0.017 nn)le) of lead 

tetraacetate and 25 ml. of benzene containing 5.0 g. 
(0.0087 mole) of hcxatrieonta-3,6,9,27,30,33-hexaene- 
18,19-diol were heated to 60~ for 3 hrs. Af ter  tile 
excess reagent was destroyed with ethylene glycol, 
the solution was poured into 125 ml. of 20% aeetie 
aeid and extracted with peroxide-free ethyl ether. 
The ether solution was washed several times with 
water, then with 1% sodium carbonate, and finally 
with water until the washings were neutral. The yield 
of crude lim~lem~htehyde was 4.9 g. (8/1% based on the 
ester). This substance was found to be almost pure 
when examiued by thin-layer chromatography.  Small 
amoullts of oxidized products were tile only impurities. 

The aldehyde was molecularly distilled at 150-160 ~ 
C./2 ram. to yiehl 3.9 g. of a c'olorless liquid, which was 
chromatographically I)ure. The over-all yield with 
resf)eet to the methyl linoh~.nate was 68%. The 2,4-di- 
nitrophenylhydrazone, crystallized from ethanol, had 
a ntelting point of 39.5-40.5~ Rel)orted: 40.040.5 ~ 
C. (1) 

Analyses: Calculated for C1sH:,,O: C, 82.',/8; II,  
11.52. Found:  C, 82.35; II, 11.7{}. 

Aldd~yde.s from Me'nha, de~ ()'it. When 5.0 g. (0.01.8 
mole) of pure glycols from menhaden oil were cleaved 
with lead tetraacetate, 4.!) g. of aldehydes were ob- 
tained. This quant i ty  represents an over-all yield of 
87%, based on the start ing melhyl esters. These ahle- 
hydes, when examined by thin-layer chronmtography, 
were found to be comparable in pur i ty  with the un- 
distilled linolenahlehyde. 
Spectral Analyses 

The methyl linohmate contained 5-10% unsatura- 
tion in the trans form since it was prepared by the 
bromination-debromination technique. Methyl esters 
from menhaden oil contained only a trace amount of 
trans isomers, and infrared analyses of both aldehyde 
preparations indicated that  there was essentially no 
increase dur ing the synthesis. Only bands character- 
istic of C-H bonds, saturated and unsaturated carbon- 
to-carbon linkages, and aldehyde groups were found. 
No trimer was detected either by infrared analysis 
(9) or by thin-layer chromatography.  

An  ultraviolet analysis of the aldehydes indicated 
the presence of 5-6% conjugated diene and only a 
trace of higher conjugates in both products. 

Discussion 

I t  has been reported that  such impurities as free 
fa t ty  acids and hydroxyl  compounds in the methyl 
esters lower the yield of aeyloin (8). I n  the present 
work it was found that  when 1% linolenic acid was 
added to methyl linolenate, the yield of acyloin was 
substantially reduced. Consequently the methyl  esters 
must be entirely free of these impurities. 

Small amounts of dione are formed in the conden- 
sation (1 -3%) .  This compound may be seen at the 
solvent f ront  of the ehromatogram in Figure  lb, e. 
No at tempt  was made to remove this product  since 
it is readily reduced to the glycol. 

Owing to the instability of polyunsaturated alde- 
hydes, any attempt to pur i fy  them by either column 
chromatography or fractional distillation is destruc- 
tive and results in low yields. In  order that  aldehydes 

71~h~l. l. Thin-layer silicic acid adsorption chromatogram of 
reactants and products in the aeyloin condcnsatiom 

Solvent syM:cnl : 90:10 petroleum ether (b.p. 30-60~ 
ethyl ether 

Development time: 30 min. 
l:ndicator: Iodine vaI}OrS 

a) Mcthyl li,mhmate, b) crude linolcnoin containing fatty acids 
and dione, c) linohmoin with trace of dione, d) methyl esters 
froln nlcnha(h~n oil, e) crude acyloins from menhaden oil, show- 
ing fatty acids and a trace of diene, and f) aeyloins frommcn- 
had{m oil with trace of dionc. 

of high pur i ty  eouhl be obtained, every effort was 
made to isolate the glyc'ol in pure form. Therefore 
fa t ty  acids not removed in the work-ut) of the crude 
ae~yloin may be removed on a silieie acid {:olumn prior 
to reduction with lithimn aluminum hydride. ]if this 
is not done, separation of the resulting t}rimary alco- 
hols from the vicinal glycols is difficult. The chro- 
matogram in Figure  2b shows that these compounds 

Fia. 2. Thin-layer silicic acid adsorption chromatogram of 
glycols. 

Solvent system : 70 : 30:1 petroleum ether (b.p. 30-60~ 
~ethyl ether-acetic acid 

Development time: 40 rain. 
Indicator: Iodine vapors 

a) Crude hexatriconta-3,6,9,27,30,33 hexaene-18,19-diol prepared 
from acid-free acyloins, b) crude hexatriconta-3,6,9,27,30,33- 
hexaene-18,19-diol containing linolenyl alcohol and other im- 
purities, c) pure hexatriconta-3,6,9,27,30,33-hexaene-18,19-diol, 
d) crude glycols from menhaden oil free of monoalcohols, and 
e) pure glycols from menhaden oil. 
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FIG. 3. T h i n - l a y e r  s i l i c i c  a c i d  a d s o r p t i o n  c h r o m a t o g r m n  of  
a l d e h y d e s .  

S o l v e n t  s y s t e m :  9 5 : 5  p e t r o l e u m  e t h e r  (b.  p. 3 0 - 6 0 ~  
-e thy l  e t h e r  

I ) e v e l o p m e n t  t i m e :  30 m i n .  
I n d i c a t o r :  I o d i n e  v a p o r s  

a )  C r u d e  l i n o l e n a l d e h y d e  c o n t a i n i n g  f a t t y  "~cids, b )  u n d i s t i l l e d  
l i n o l c n M d e h y d e ,  a c i d - f r e e ,  c) d i s t i l l e d  l i n o l e n a l d c h y d e ,  d)  p o t  
r e s i d u e  f r o m  the  d i s t i l l a t i o n  of  l i n o l e n a l d c h y d e  s h o w i n g  p rod -  
u c t s  of  t h e r m a l  and  o x i d a t i v e  d e c o m p o s i t i o n ,  "tnd c) u n d i s t i l l e d  
a l d c h y d c s  f r o m  m e n h a d e n  oil,  a c id - f r ee .  

are only slightly segregated even by thin-layer chro- 
matograI)hy, which gives more discrete separations 
than does column chromatography.  Molecular distil- 
lation of crude linolenaldehyde improved the pur i ty  
only slightly, as may be seen from the chromatogram 
shown in Figure  3b, c. 

Methyl esters derived from menhaden oil exhibit 

subfract ionation (F igure  ld )  when chromatogrammed 
on thin layers of silieic acid (6).  This phenomenon 
was observed in the present work with the acyloins 
and the aldehydes as well (Figures  le, f ;  3e). 

Summary  
The preparat ion of linolenaldehyde and of mixed 

aldehydes from highly unsatura ted  sources, such as 
menhaden oil via the aeyloin condensation, is de- 
scribed. Reduction of the aeyloins and subsequent 
cleavage of the glycols gave over-all yields of 85 to 
90% free aldehydes. 

The intermediates in the synthesis as well as the 
final products  were analyzed in par t  by the novel 
method of thin-layer silicic acid chromatography.  

Acknowledgment 
The authors wish to thank H. K. Mangold of the 

Hormel Inst i tute for  his kind suggestions on this 
work. They also wish to thank J. R. Chipault  and G. 
Mizuno of the Inst i tute  for  the in f ra red  analyses, 
and F. Bruce Sanford of the Bureau  of Commercial 
Fisheries for  his many helpful editorial comments 
on this paper  and others with which they have been 
associated. 

R E F E R E N C E S  
1. 3/Iangold , t i .  K., J. Or G. Chem., 24, 405 (1959).  
2. Kaufmann, IL P., and Kirschnek, H., Fette, Seifen, und Anstrich- 

mittel, 60, 1125 (1958).  
3. Bouquot, ]~L, and Paquot, C., Bull. soc. (.him. France, 440-441 

(1949).  
4. Gruger, E. l[.  ,Jr., Malins, D. C., and Gauglitz, E. ft. Jr.,  ,$, Am. 

Oil Chemists' So('., 37, 214 (1960).  
5. Mangold, 1I. K., and )r 1). C., J. Am. 0i l  Chemists' Soe., in 

prpss. 
6. Malins, ]). C., and Manffol(I, I[. K., J. Am. Oil Chemists' Soe., 

in pres~. 
7. Stahl, E., SchrS(~ter, G., Kraft, G., and Renz, R., Pharmazie,  11, 

633 (1956).  
8. /Iansley, V. L., J. Am. Chem. S[w., 57, 2:/03 (19;15). 
9. Kaufmann, II. P., and Kirschn~,k, 11., /0~ctle, Scif(,n, und Anstrieh. 

mittel, 55, 847 (1953).  
[ R e c e i v e d  A p r i l  7, 1960]  

Sulfates of Ethoxylated Tridecyl 
Dishwashing Formulations' 

Alcohol in 

W. C. SCHAR, M. H.  PAULSON IR., F. N. BAUMGARTNER,  and E. I. WICKSON,  

Enjay Laboratories, Linden, New Jersey 

T 
IlE DEMAND for l ight-duty liquid detergents for 
household dishwashing has grown rapidly  over 
the past few years. Present-day products are 

generally based on alkylaryl  sulfonates, fortified with 
various auxil iary foam boosters. Sulfates of ethoxy- 
lated hydrophobes have found broad acceptance be- 
cause of their abili ty to impart  excellent foam stability 
to fomnulations, especially in the presence of greasy 
soil. In  addition, they are relatively low in cost as 
compared with other competitive materials. 

Ear l ie r  work in this field has been reported by Well 
et al. (1),  who investigated the performance of the 
sulfated ethoxylates of the tallow alcohols in the 
Ross-Miles foam test. These investigators also used a 
dishwashing test, based on the Terg-O-Tometer as de- 

Presented at the fall meetinG, American Oil Chemists' Society, Los 
AnGeles, Calif., Sept. 28-30, 1959. 

veloI)ed by lmencrts (2),  to measure the relative 
cleaning-l)ower of a pure  surfactant.  They fourld 
that  wetting time increased while foam height and 
the ability to clean dishes d(,ereased with increasing 
ethylene oxide content. 

Current ly  there are three impor tant  sources for 
sulfated ethoxylate derivatives. These arc the alkyl- 
phenols, oxo-based tr ideeyl  alcohol, and lauryl  alcohol 
from fa t ty  sources. The object of the work reported 
in this paper  has been to compare the relative efli- 
ciencies of sulfated ethoxylates, in par t icular  those 
based on tridecyl alcohol, as foam stabilizers in typi-  
cal l ight-duty, liquid dishwashing formulations. The 
effect of both ethylene oxide to hydrophobe mole ratio 
and various sulfating agents has been established. 
Emphasis has been placed on a careful ly controlled 
dishwashing procedure as the best available measure 


