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SEPARATION AND DETERMINATION OF 
MONOALKANOLAMIDES OF SOYBEAN OIL 
FATTY ACIDS BY RP-HPLC OF THE CRUDE 

REACTION PRODUCT 

Albert A. Ben-Bassat* and Tamar Wasserman 
Israel Fiber Institute 
P. 0. Box 8001 

Jerusalem 91 080, Israel 

ABSTRACT 

A reverse-phase HPLC technique, previously developed by us, 
was used to achieve satisfactory separation and determination o f  
monoalkanolamides of the soybean oil fatty acids. Four reaction 
products, each containing a mixture o f  similar monoalkanolamides 
of the soybean fatty acids, were analyzed without pretreatment. 
Structurally, the four monoalkanolamides series differ in their 
alkanol moiety, having two or three carbon atoms in the alkanol 
chain which is substituted or unsubstituted. A series of N- 
methyl monoethanolamides was also prepared and HPLC analyzed. 
In each case, the separated components were isocratically eluted 
with a ternary solvent system of tetrahydrofuran-acetonitrile- 
water at pH 2.6 (37.5:37.5:25 v/v/v), followed by detection with 
a differential refractometer. In all cases, the elution order 
was in accordance with the length as well as with the degree of 
unsaturation of the hydrophobic chain of the monoalkanolamides. 
The sequence of the eluted components was elucidated by chromato- 
graphing, under the same conditions, of the corresponding commer- 
cially purchased pure fatty acid methyl esters. A5 control com- 
pounds, the corresponding stearoyl monoalkanolamides, prepared in 
our laboratory, were individually chromatographed. 
showed that, in addition t o  the expected monoalkanolamides, unrencted 
methyl esters and sometimes amine-esters were separated and detected. 
For each alkanolamine used, the amidation reaction was discussed. 

The HPLC results 
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2940 BEN-BASSAT AND WASSERMAN 

IRTRODUCTION 

A great number of fatty alkanolamides exhibit the properties of non- 

ionic surfactants.Some are applied as foam boosters and stabilizers in 

liquid detergents. Alkanolamides from hieher fatty acids are fnund 

in the formulation of various commercial products: household detergents, 

high quality shampoos, industrial cleaners, wetting and thickening aRents 

for textile processes. 

The fatty alkanolamides are products of condensation between an 

alkanolamine and a fatty acid or its derivative (methvl ester, tri- 

glyceride). Generally, this amidation reaction is complicated by the 

competitive reactivity of the hydroxyl qroup of the alkanolamine. The 

reaction with a monoalkanolamine is simpler compared to that with a 

dialkanolamine. The composition of the reaction product depends also 

on the molar ratio of the reactants and on the reaction conditions em- 

ployed. This explains the absence of a standard method for determination 

of any type of alkanolamide. In most cases, the raw materials used in 

the industry of nonionic surfactants are composite, and then the reaction 

product is a mixtllre of the corresponding main derivatives, unreacted 

starting compounds and sometimes by-products. Many investigators have 

attempted to find suitable methods for isolation and determination of 

nonionic surfactants ( 1 - 3 ) .  The analytical efforts included: thin layer 

chromatography ( 4 - 7 )  and gas-liquid chromatography (8-13). The elution 

of alkanolamides by gas chromatography requires their conversion into 

volatile derivatives before analysis. Direct determination of the 

composition of complex reaction product is of great importance, since 

it saves tedious manipulations and time performance needed in cases 

of systematic analytical methnds (14,15,16). The advantages of PPLC 

techniques are their simplicity and the mild conditions rrhich assure 

direct determination of the product conposition vithout structural 

changes. Ilomolojious series of several fatty mono-dnd-dietilanu Lamides 
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MONOALKANOLAMIDES OF SOYBEAN OIL FATTY ACIDS 2941 

(17), as well as of fatty monoisopropanolamides (18) have been separ- 

ated by HPLC. Recently, Nakanura (19) reported on a HPLC technique 

for separation of certain nonionic, cationic and anionic surfactants. 

The present work is an extension and further application of pre- 

vioiisly reported HPLC technique which enabled us to achieve a satis- 

factory separation and determination of the ethanolamides of soybean 

oil fatty acids ( 2 0 )  and quantitative monitoring of stearoyl mono- 

alkanolamides synthesis (21). 

Ve are reporting the EPLC analysis of four structurally different 

In each case, series of monoalkanolamides of soybean oil fatty acids. 

the monoalkanolamides were directly determined in the crude reaction 

product. The chromatographed products were prepared by aminolysis of 

methanolyzed soybean oil (a mixture of fatty nethvl esters, Henkel) 

with dif€erent monoalkanolamines under mild conditions. Recently, we 

have introduced certain improvements (21) t o  previously reported pre- 

paration methods (22-25). The HPLC conditions such as column packing 

material, eluent composition and flow rate were empirically determined. 

The HPLC data showed that, in certain cases, the monoalkanolamides with 

the same alkanol moiety were obtained in Droportion almost to that of 

the corresponding methyl esters precursors, 

EXPERIMENTAL 

Materials 

The chemicals were used as purchased. Tetrahydrofuran and acetonitrile 

(HPLC grade) were ohtnined from Bio-Lah., Ltd., Jerusalem, Israel. For pre- 

paration of the eluent, deionized water was freshly distillated twice, first 

in the presence of potassium permanganate. Perchloric acid (?lerck, Darmstadt, 

W. Germany) was used to adjust the pH of the water to 2.6. Nethanolyzed 

soybean oil was ohtainetl from Henkel, RGaA, I)usseldorf, 1.1. Germany. Sodium 
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2942 BEN-BASSAT AND WASSERMAN 

niettivlate ( p u r i f i e d )  w a s  ob ta ined  from Tisl ier  S c i e n t i f i c  rompany, Yew J e r s e y ,  

U.S.A. 

a s  fo l lows:  n e t h y l  p a l m i t a t e ,  metllvl  s t e a r a t e  (approx. 984 p u r i t y )  from 

Ilenkel, KCaA, I )usse ldor f ,  I:. Germanv; methyl  m y r i s t a t e ,  methyl o l e a t e ,  

methyl  l i n o l e a t e  and methyl  l i n n l e n a t e  (99%) from Sigma Chemicals Co., 

S t .  Louis ,  Xo., U.S.A. The albanolamines used, l-Amino-2-propano1, 

3-Amino-l-propanol , 2-(!1ethylamino) e t h a n o l  and 2-Amino-2-methyl-l- 

propanol  were over  99% prire and obta ined  from Aldr ich  Chemical Company, 

?Iilwaukee, IJisc., U.S.A. The foiir s t e n r o y l  monoallcanolamides, chroma- 

toxraphed i n d i v i d u a l l y  f o r  comparison w i t h  t h e  chromntoqraphic  p r o p e r t i e s  

of t h e  cor responding  s t e a r o y l  component i n  t h e  analyzed p r o d u c t s ,  were 

prepared  and p u r i f i e d  i n  oiir l a b o r a t o r y  (21) .  

F a t t y  a c i d  methyl esters, tised a s  c o n t r o l  s t a n d a r d s ,  were nurchayed 

Ins triimeritat i o n  

Ir s p e c t r a  were recorded w i t h  a Perkin-Elmer 257 Grat ing  I n f r a r e d  

SpectroDliotometer us ing  n t h i n  l a y e r  of  t h e  t e s t e d  m a t e r i a l  o r  f i l m  from 

i ts  chloroform s o l u t i o n .  The HPIX nnnlvses  were run  on a Varian 5030 system. 

A reverse-phase type  RP8 ?lerclc s t a i n l e s s  s t e e l  column (115 mm x 4 mm I.D.) 

packed w i t h  U l t r a s p h e r e  Octv l  P (10 microns)  was used. The column was 

opera ted  a t  anih i e n t  tempera ture  . I) i F f e ren  t i d  Refrac t  ome t e r- K 4  3 1 (!\'ate rs 

A s s o c i a t e s )  was used t o  d e t e c t  t h e  s e p a r a t e d  and eLuted connounds. Ice- 

t e n t i o n  t i m e s ,  peak areas and percentage  amounts of t h e  components were 

recorded  wi th  a llewlett-l'ackartl 339011 i n t e g r a t o r .  

IIPLC Procediire 

The criide r e a c t i o n  Droducts were nnnlyzed Without p r e t r e a t m e n t .  The 

sannles were d i s s o l v e d  i n  t h e  e l u e n t  (7-47; w / v )  and 2 0 ~ 1  of t h e  s o l u t i o n  

vere i n j e c t e d  v i a  a loop  i n j c c t o r .  

i s o c r a t i c a l l v  a t  a P r e s s u r e  of  ahout  160 p s i s ,  u s i n p  an e l u e n t  composi t ion 

of t c \ t r a h v d r o f u r a i i - a c e t o n i t r i l e - ~ i n t e r  a t  nil 2 . 0  (37.5:37.5:25v/v/v). Xie 

T h e  s e p a m t e d  compounds were e l u t e d  
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MONOALKANOLAMIDES OF SOYBEAN OIL FATTY ACIDS 2943 

e l u e n t  f low rdtf  :ias 1.0 nl/nln. 

of tlic s e p a r a t e d  coi?nounds, th?  UPIX neosureinents were c a r r i e d  o u t  up t o  

30 minutes .  

I n  o r d e r  t o  ass l i re  a complete e l u t i o n  

P r e p a r a t i o n  of t h e  Soy!,ean Oil  F a t t y  Acid Yonoalkanolamides. 

!'our r e a c t i o n  products ,  each c o n t n i n i n r  a rnixture of s a t u r a t e d  and 

unsa tura ted  f a t t v  a c i d  monoalknnolamidcs, were prepared .  Xoderatc  

c o n d i t i o n s  w r c  chosen. The a s s c d i l y  ttse(l f o r  performance of t h e  n a i n o l y s i s  

process  was as reoorte:! (21). 

-- 

0.57 ( c r / t o t a l  ve iz l i t  of t h e  r e a c t a n t s )  of nure and dry  sodium metliv- 

l a t e  were in t roduced  i n  tlie r c n c t i o n  v e s s e l ,  fol lowed b y  0 . 3 3  mole of 

t h e  corresnondinK a] kanolanine.  C r a d i ~ a l  h e a t i n g  and c o n s t a n t  s t i r r i n g  

irere a p p l i e d  t o  o b t a i n  a c l e a r  s o l u t i o n  (approx. 70°C). %en 0.3 mole 

(average v a l u e )  of  snylxinn o i l  f a t t y  a c i d  methyl  esters were added. 

a c o n s t a n t  f low of  n i t r o p e n  through tlie r e a c t i o n  mixture ,  t h e  

tempera ture  was e l e v a t e d  t o  

up t o  2 hours .  

u n s a t u r a t e d  f a t t y  a c i d  c h a i n s ,  as w e l l  a s  t o  e x p e l  t h e  methanol co-product. 

F i n a l l y ,  t h e  tempera ture  w a s  decreased  t o  RO'C and,  wi th  v igorous  s t i r r i n g ,  

1.5 ml of  d i s t i l l e d  water  was added. The v i s c o u s  product  w a s  t r a n s f e r r e d  

t o  a b o t t l e  f o r  s t o r a g e .  

90°C and the r e a c t i o n  cont inued i s o t h e r m a l l y  

The n i t r o g e n  served  t o  prevent  o x i d a t i v e  changes i n  t h e  

RESULTS AND DISCUSSION 

The f o u r  amida t ion  p r o d u c t s  were d i r e c t l y  ana lvzed  by reverse-phase 

HPLC. Each product  conta ined  monoalkanolamides of t h e  soybean o i l  f a t t y  

a c i d s ,  t h e  correspondinE unreac ted  s t a r t i n g  methyl  esters and sometimes 

a v a r i a b l e  amount of amine-esters  as by-products. The series of t h e  qono- 

alknnolamirles w e r e  as  fo l lows:  
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2944 BEN-BASSAT AND WASSERMAN 

R '  = lonp, hydrocarhon c h a i n s :  X y r i s t y l ,  l i n o l e n y l ,  l i n o l e y l ,  o l e y l ,  

p a l m i t y l ,  s t e a r y l .  

HPLC Study 

The s t a r t i n g  m a t e r i a l ,  methanolyzed soybean o i l ,  w a s  chromatographed 

under  t h e  r e p o r t e d  c o n d i t i o n s  and t h e  e l u t i o n  o r d e r  of t h e  methyl  esters 

as w e l l  as t h e i r  p e r c e n t a g e  amounts were determined ( F i g u r e  1). For com- 

p a r i s o n ,  t h e  cor responding  pure  (over  99%) methyl e s t e r s ,  purchased com- 

3 

4-5 

i 
~ I G L K E  1: Peverscd pliasp lirLc chromatoy.ram of the nethanolyzed 
sovbcan o i l  used as s t a r t i n e  m a t e r i a l .  Peaks: 1 = methyl m y r i -  
s t a t e  (1.U); 2 = net l iyl  l i n o l e n a t e  (10.5%); 3 = methyl l i n o -  
h a t e  ( 5 0 7 ) ;  4 - 5 = met!ivl p a l p i t a t e  and methyl o l e a t e  (34.4Z); 
6 = n e t h y l  s t e a r n t e  (4X). 
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MONOALKANOLAMIDES OF SOYBEAN OIL FATTY ACIDS 2945 

m e r c i a l l y ,  were i n d i v i d u a l l y  c l i romato~raphed  and t h e  r e t e n t i o n  t i m e  determined.  

The HPLC a n a l y s i s  of  each r e a c t i o n  product  was performed i n  d u p l i c a t e  and, fo r  

a l l  measurements, an average  d e v i a t i o n  of 2% f o r  t h e  v a l u e s  of percentage  amount 

of the components w a s  o t t a i n e d .  For  each type  o f  monoalkanolamides, t h e  cor-  

respondinf: s t e a r o y l  mono . : lk~ ino lami~r , svn thes i zed  and p u r i f i e d  i n  o u r  labora-  

t o r y  (Zl), IJRS i n d i v i d u a l l y  chromatographed and i t s  r e t e n t i o n  t i m e  was i n  

accordance t o  t h a t  o f  t h e  s t e a r n y l  component i n  t h e  crude r e a c t i o n  product  

(Tahle  I ) .  

1. IIP1.C Analys is  o f  Product  SElA 

The HPLC d a t a  showed the e x i s t e n c e  of  t h e  cor responding  rnonoalkanolamides 

of t h e  f o l l o w i n g  f a t t y  a c i d s  (F igure  2) :  m v r i s t i c  (0 .6%) .  l i n o l e n i c  (5 .2%).  

l i n o l e i c  (35.9%). p a l m i t i c  and o l e i c  ( 2 6 . 5 " )  anrl s t e a r i r  ( & . O X ) .  T h e  r e t e n t i o n  

The Ketent ion  Times of t h e  Cont ro l  and of t h e  Determined S t e a r o y l  
Honoalknnolamide f o r  Four Reac t ion  Products  

S t e a r o y l  
' lonoalkanolamide 

Retent ion  Time (min) ( a )  
Reac t ion  Products :  ( h )  

SMA SMB SMC TF! 

Contro l  ( synthes ized  and p u r i f i e d )  3 . 7 3  3.94 3.98 4.12 

Determined i n  t h e  c rude  r e a c t i o n  orodnct  3.80 3 . S 5  4.00 4.15 

(a) Average v a l u e  
( b )  Genera l  formulas  of t h e  f o u r  s e r i e s  of monoalkanolamides: 

Sl lA - R'CONIICH~CII(OH)CI1 
3 

SHH - I?' C O ~ l I C 1 1 2 C 1 1 2 C H ~ 0 ~ ~  

S!.K - R'CON(CH )Cl l  CH OH 

SMI) - K'CONIIC (m3, C I I ~ O H )  cii3 

3 2 2  

R' = f a t t y  hydrocarbon cha ins :  m y r i s t v l ,  l i n o l e n y l ,  l i n o l e y l ,  
o l e y l ,  p a l m i t y l ,  s t e a r v l .  
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1 
0 TIME (min) 

FIGURE 2: Keversed phase I!PT,C chromatoqrm of the product M A .  
Peaks: The corresponding rnonoalkanolarnidce R'COEJ1IC1i2CH ( O l I ) C N 3 :  
1 = myristoyl: 2 = linolenoyl; 3 = linoleoyl; 4 = palmitovl and 

oleoyl; 5 = stearovl; ( 6  - 9) I'nreacted starting fatty acid 
methyl esters. 

TABLE 11 --- 
Total Percentage Amount of the Monoalkanolamides Determined During the 
Preparation of Products SHA, SIIR, SYC and SYD (a) 

Reaction Timecmin) Total Monoalkanolamides Amount (b)  
% 

SEW SNB SMC s1.m 

30 63.0 68.5 70.7 4 3 . 6  

60  68.0 70.0 72.9 46.0 

90 71.0 69.5 74.5 46.9 

120 72.2 68.6 77.0 48.0 

(a) See footnote (b)  of Table I. 

(b) Average value. 
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time of t h e  determined and of t h e  c o n t r o l  ( s n e c i n l l y  prepared)  stearoyl-Ntl(2- 

hydroxy-propyl) amidcs were i n  accordance:  3.BO min and 3.73 min, r e s p e c t i v e l y  

(Table  I ) .  Table  I1 r e p r e s e n t s  t h e  t o t a l  percentage  aIiloiiiit of  t h e  determined 

monoalkanolamides a t  v a r i o u s  r e a c t i o n  t imes.  l lnreacted s t a r t i n g  f a t t y  a c i d  

methyl e s t e r s  were a l s o  d e t e c t e d  (27.851) i n  t h e  f i n a l  c rude  product .  

n roducts ,  such as amine-es te rs ,  were obta ined .  

No by- 

2. HPLC Analys is  of Product  SME 

Followinp, t h e  p r o g r e s s  of t h e  aminolys is  r e a c t i o n ,  i t  was found t h a t  t h e  

t o t a l  percentage  amount of t h e  cor responding  monaalkanolamides ( s e e  f o o t n o t e  i n  

Table  I) i n c r e a s e d  f o r  t h e  f i r s t  60  minutes  and af te r igards  s l i g h t l y  decreased  

up t o  120 minutes  (Table  11). AccordinR t h e  t h e  p o s s i b l e  rearranj iements  of 

t h e  f a t t y  a lkanolamidcs  ( 2 6 ) ,  t h i s  d e c r e a s e  was probably  due t o  t h e  format ion  

of amine-esters  ( 7 %  i n  t h e  f i n a l  c rudc  product ) .  I n  t h e  p r e s e n t  c a s e ,  t h e  

hydroxyl  group o f  t h e  used amine is not  s t e r i c  h indered .  T h e  IlPLC d a t a  f o r  

products  S?fA and SllB showed t h a t  t h e  aminolys is  w i t h  3-amino-1-propanol was 

more r a p i d  than  t h a t  w i t h  1-amino-2-propanol. r i a u r e  3 r e p r e s e n t s  t h e  IWI,C 

chromatogram of  product  Sh!R. 

3. 1VLC Analys is  of Product  SlIC 

The MP1.C chromatogram of  t h e  f i n a l  c rude  product  e x h i b i t e d  a composi t ion 

of  t h e  cor respondinp  monoalkanolanides  (77%),  unreac ted  s t a r t i n g  methyl  e s t e r s  

(15.47)  and a n i n e - e s t e r s  a s  by-prodncts (7 .6%).  The chronntograms o f  t h e  

samples  withdrawn a t  d e f i n i t e  r e a c t i o n  t i m e s  showed a h i g h e r  y i e l d  of  t h e  

monoalkanolamides compared t o  t h a t  of  t h e  monoalkanolamides cor responding  

ro products  V I A  .md 5 M X  (Table T T ) .  

r e a c t i v i t y  of 2-(?iethyl amino)e thanol  as amidat ion  reagent .  

T h i s  can tie expla ined  by t h e  h l g h e r  

4 .  11PI.C Analys is  of Product  SMD 

According t o  t h e  FPLC d a t a ,  t h e  cor respondinz  f a t t y  monoalkanolamides were 

obta ined ,  under t h e  same p r e p a r a t i o n  c o n d i t i o n s ,  i n  moderate  y i e l d s  (Table  11). 
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I 
0 TIME (min) 

FICl 'RE 3: Rcvcrscd I7liase HP1.C chromatojiram of the product SYE.  
Peaks: Tlie corresponding nonoalkanolnmides i l ' C O N H C I I Z C H ~ C H ~ O H :  
1 = nvristoyl; 2 = linolenoyl; 3 = linoleoyl; 4 = palmitoyl 
and oleoyl; 5 = stearoyl; (h-9) Cnrencted starting fatty acid 
methyl esters;  (10 - 11) ,\mine-esters. 

T h e  relatively low rate of the amidation reaction is probably due to steric 

hindrance on  the reactivitv of the amino grour,  of the alkanolamine, or to an 

intramolecular hydrogen bond between the hydroxyl group and the amino nitrogen. 

lhis is supported by the relatively high amount of unreacted starting methyl 

esters ( 4 9 . 5 % )  and the very low yield of amine-esters, by-products of  the 

comoetitive esterification process (2.5%). 

SUMMARY 

1IPLC conditions are described f o r  the separation and quantitation of soy- 

hean fatty acid monoa1i:anolamides i n  crude products prepared by aminolysis of 
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methanolyzed soybean o i l  wi th  s t r u c t u r a l l y  d i f f e r e n t  a l k a n o l a n i n e s .  Unreacted 

s t a r t i n g  methyl  esters and sometimes amine-es te rs ,  as by-products ,  were sepnr-  

n t e d  and d e t e c t e d .  

f o r  complex mixtures  and e n a b l e s  tlie fo l lowing  of t h e  course  of s y n t h e s i s  of 

The develnped method a f f o r d s  s imple  and r a n i d  a n a l y s e s  

nonoalkanolamides i n  commercial p roducts .  
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