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C h emica l  s y n t h e s i s  o f  N-e-acyl lysines  on  an industr ia l  
s ca le  c o r r e s p o n d s  to  n e w  r e q u i r e m e n t s  in the  surfac-  
tant  f ie ld;  only  one  c h e m i c a l  s y n t h e s i s  p r o c e s s  is  
current ly  k n o w n  for  th i s  type  o f  m o l e c u l e .  A n u m b e r  o f  
organic  s y n t h e s i s  c o n d u c t e d  in t h e  laboratory  so  far 
have  no t  m a d e  it p o s s i b l e  to  c o n s i d e r  industr ia l  devel-  
opme nt .  However ,  b io techno log ica l ly ,  it has  b e e n  
s h o w n  that  th i s  m o l e c u l e  is  ea s i l y  a c c e s s i b l e  us ing  a 
c o m m e r c i a l l y  avai lable  f i x e d  l ipase ,  S y n t h e s i s  i s  car- 
r ied out  by caus ing  a tr ig lycer ide  to  react  w i th  the  
lys ine  e i t h e r  wi th  or w i t h o u t  a so lvent .  The  lat ter  
m e t h o d  g ives  the  b e s t  r e su l t s  at  the  current  s tage  o f  
research .  Given the  avai labi l i ty  o f  at  l eas t  one  f i x e d  
l ipase  on  the  m a r k e t  today,  and the  poss ib i l i ty  o f  
d irect ly  apply ing  the  reac t ion  us ing  oi ls ,  th i s  reac t ion  
could be sca led  up rapidly for  industr ia l  d e v e l o p m e n t .  

KEY WORDS: Acyl  amide ,  e n z y m a t i c  syn thes i s ,  fat ty  
acids ,  lys ine .  

Industrial synthesis of N-e-acyllysines corresponds to new 
requirements in the surfactant  field. Only one chemical 
synthesis process is currently known for this type of 
molecule (1). The difficulty lies in the fact that  the two 
substrates of the reaction (namely, a fatty acid with chain 
length exceeding eight carbon and lysine) are molecules 
with no common solvent; in particular, lysine is only 
soluble in media containing high proportions of water. In 
addition, when a molecule contains two amine functions, 
such as lysine, acylation of one of them alone is almost 
impossible without previously protecting the other using 
a very fastidious protect ion/deprotect ion process. 

Most work already carried out in the laboratory has 
shown that  it is possible to synthesize the amide bond; 
particularly worth noting is the work published by Servat 
et al. (2,3) on the synthesis and titration of  hydroxamic 
acids, and work by Montet et al. on the synthesis of N- 
lauryloleylamide (4) and the synthesis of acylated amino- 
propanols (5). These works have been described in the 
patent  by Graille et al. (6). The method proposed here 
describes the enzymatic synthesis of N-oleyllysine under  
different conditions; in addition, a few spectroscopic 
characteristics obtained on the purified product  are 
given. 

MATERIALS AND METHODS 

Solvents. The solvents used for synthesis were all pure, 
purchased from Aldrich Chemical Co. (Milwaukee, WI). 

Reagents. The enzyme is a fixed lipase bonded to an 
anionic macroporous  resin, provided by Novo Industri  
(Bagsvaerd, Denmark) as under the t rade mark LIPO- 
ZYME. Thin-layer chromatography (TLC) plates were 
silicagel 60 G plates ready for use from Merck (West 
Germany). 

*To whom correspondence should be addressed. 

Synthesis  wi th  a solvent. The reactions were carried 
out in 25-mL flasks and stirred on a vibrator in a 
temperature  controlled oven at different temperatures.  
The composition of the medium was as follows: free lysine, 
292 mg; soybean oil, 282 mg; Lipozyme, 50 mg; and solvent, 
3 mL. 

Synthesis  wi thout  a solvent. The quantities of sub- 
strates and enzyme were as follows: soybean oil, 2.82 g; 
free lysine, 1.46 g; and Lipozyme, 250 mg. These products  
were brought into contact  in a 50-mL flask stirred on a 
rotary evaporator  which was used as a reactor  at 
atmospheric pressure, at reduced pressure or under 
nitrogen at 1 atmosphere. 

Ana ly s i s  o f  reactions. Due to the heterogeneity of the 
reaction medium, it was totally taken up by 100 mL of a 
butanol/acetic acid/water  mixture (40:10:i0, v/v/v),  a 
homogeneous solvent solubilizing oleyllysine, lysine and 
the different glycerides. Different dilutions then were 
made to appropriately ti trate the oleyllysine by (TLC). 

RESULTS AND DISCUSSION 

Firstly, we planned to synthesize N-e-oleyllysine by Lipo- 
zyme action on lysine and oleic acid. The tests conducted 
in numerous solvents at various temperatures  (30- 
100~ gave very low yields (<  1%); nevertheless, they 
suggested that  synthesis of this molecule was possible. 

The first satisfactory reaction in terms of yield was 
carried out in a closed reactor  in ethyl ether at a 
temperature  of approximately 650C (3 atmospheres),  
using triglycerides as a fatty acid source. The composition 
of the medium is generally as follows: free lysine, 292 mg; 
soybean oil, 282 mg; Lipozyme, 50 mg; solvent, 3 mL 
(duration, 24 hr). 

A systematic s tudywas  made to determine the parame- 
ters that  make the reaction possible. We initially varied 
the carbon chain of the ether by conducting the reaction 
in ethers for which a few characteristics are given; two 
temperatures  were also tested 25 and 65~ (Table i). 

At 25~ traces of nonquantifiable synthesized products  
are observed in diethylether, diisopropylether and 
methyltertiobutylether, whereas this rises to 1.5% and 1% 
in dibutylether and dipentylether. At 650C, the yield of the 

TABLE 1 

Synthesis Yields in Different Ethers at 25 and 65~ 

Ethers Boiling Water Yield (%) 
point content 25~ 65~ 
(oc) (%) 

Diethylether 34.6 0.06 0 16.5 a 
Diisopropylether 68 0.08 0 12.6 
Methyltertiobutylether 70 0.12 0 14.2 
Dibutylether 142 0.07 1.5 12.0 
Dipentylether 187 0.09 1 5.5 
Tetrahydrofuran 67 0.06 0 0 
Dioxane 100 0.16 0 0 

aAt 3 arm, 
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TABLE 2 

T e s t  in  T r i c h l o r o t r i f l u o r o e t h a n e  (CF2CICCI2F) 

FIG. 1. Y ie ld  v s  t y p e  o f  s o l v e n t .  

r e a c t i o n  seems  to i n c r e a s e  w h e n  the  CHO ra t io  of  t he  
e t h e r  used  dec reases ,  or  when  the  oxygen  c o n t e n t  of  t h e  
e t h e r  increases .  This o b s e r v a t i o n  cou ld  m e a n  t h a t  t he  
s m a l l e r  t he  e the r ' s  subs t i tuen t s ,  t he  m o r e  t h e  p o l a r  zone  
of  t h e  a m i n o  ac id  t e n d s  to combine  wi th  the  e the r ' s  
oxygen  a tom,  t h e r e b y  m a k i n g  the  NH2 g r o u p  a t  the  end  of  
t he  cha in  m o r e  accessible ,  a n d  hence,  m o r e  avai lab le  for  
acyla t ion .  

As the  w a t e r  c o n t e n t s  of  t he se  e t h e r s  we re  no t  signifi- 
c a n t l y  different ,  it  can  be c o n s i d e r e d  t h a t  yield was  no t  
a f fec ted  by  this  p a r a m e t e r ,  as  long as  w a t e r  is on ly  
p r e s e n t  as  t races .  

No syn thes i s  is seen  in t he  p r e s e n c e  of  two  cyclic e t h e r s  
t e s t e d  (d ioxane ,  THF), and ,  so far,  we have  no e x p l a n a -  
t ion  for  this.  

In  o r d e r  to  s i d e s t e p  the  effect  of  oxygen,  we  c o n d u c t e d  
the  acy la t i on  r e a c t i o n  in h y d r o c a r b o n s  ( p e n t a n e ,  hexane ,  
h e p t a n e )  whose  w a t e r  c o n t e n t s  a r e  a r o u n d  0.01%. The  
s t u d y  was  c a r r i e d  ou t  a t  d i f fe ren t  t e m p e r a t u r e s  (30, 50, 
70, a n d  90~ the  yield,  d e p e n d i n g  on t e m p e r a t u r e  (Fig. 
1), gives s imi la r  d i a g r a m s  for  t he  t h r e e  solvents .  In  
add i t ion ,  in all  c a se s  y ie lds  i nc rea se  in line wi th  t e m p e r a -  
t u r e  a n d  no effect  is n o t e d  for  t he  cha in  length  of  t he  
t h r e e  h y d r o c a r b o n s .  The m a x i m u m  yie ld  o b t a i n e d  a f t e r  
24 h r  of  r e a c t i o n  was  a p p r o x i m a t e l y  35% at  90~ in t h e  
t h r e e  se ts  of  e x p e r i m e n t s .  
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FIG.  2. E f f e c t  o f  t h e  v o l u m e  o f  s o l v e n t  o n  r e a c t i o n  y i e ld .  
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Tests  in t r i f l u o t r i c h l o r o e t h a n e  (CFeC1CC12F), a less 
p o l a r  so lvent  t h a n  h y d r o c a r b o n s ,  gave yie lds  equ iva len t  
to  t he  l a t t e r  a t  the  s a m e  t e m p e r a t u r e s  (Table 2). 

F o r  p r a c t i c a l  r easons ,  h e x a n e  was  chosen  as  so lven t  for  
s t udy ing  the  effect  of  so lvent  vo lume  on yield. F igure  2 
shows,  w i t h o u t  ambigui ty ,  t h a t  r educ ing  the  vo lume  of  
so lvent  ve ry  d i s t inc t ly  favors  yield,  s ince  it d e c r e a s e s  f rom 
19% for  3 mL to 7% for  18 mL. It  t h e n  a p p e a r e d  obvious  to 
us t h a t  we shou ld  w o r k  wi th  no so lvent  a t  all, d e sp i t e  all  
t he  t e chn i ca l  diff icul t ies  t h a t  cou ld  be  envisaged,  i.e., 
p a r t i c u l a r l y  t h a t  t he  two s u b s t r a t e s  a r e  no t  abso lu t e ly  
m u t u a l l y  miscible,  w h i c h  sugges t ed  t h a t  diff icul t ies  
w o u l d  be e n c o u n t e r e d  for  b r ing ing  the  r e a g e n t s  in to  
c o n t a c t  wi th  each  o t h e r  a n d  wi th  t he  b ioca ta lys t .  

To t r y  a n d  solve this  p rob lem,  we used  a r o t a r y  evapo-  
r a t o r  as  t he  r eac to r ;  indeed ,  such  an  a p p a r a t u s  seems  to 
be exce l l en t  for  p h a s e  c o n t a c t  a n d  also offers  t he  a d v a n -  
t age  of  being able  to  o p e r a t e  a t  r e d u c e d  p re s su re ,  if 
necessary .  Table 3 gives the  r e su l t s  of  t h e  d i f fe ren t  expe r -  
imen t s  c a r r i e d  ou t  wi th  th is  t ype  of  a p p a r a t u s ,  wi th  o r  
w i t h o u t  p r e s s u r e  r educ t ion .  

The quan t i t i e s  of  s u b s t r a t e s  a n d  enzymes  u sed  were  as  
follows: soybean  oil, 2.82 g; f ree  lysine, 1.46 g; a n d  Lipo-  
zyme, 250 mg. 

Table 3 l eads  to  severa l  conc lus ions :  in one  e x p e r i m e n t  
only, t he  o i l / lys ine  m o l a r  r a t i o  was  doubled ,  so as  to t r y  
a n d  m a k e  the  m e d i u m  m o r e  fluid; as  a m a t t e r  of  fact ,  for  
t h e  r a t i o  l : l ,  t h e  m e d i u m  h a s  a v i scous  c o n s i s t e n c y  which  
does  no t  favor  e x c h a n g e s  b e t w e e n  phases .  The resu l t s  
s h o w  t h a t  th is  s t r a t e g y  does  no t  favor  synthes is ;  t he  
r e a c t i o n  w i t h o u t  a so lvent  gives b e t t e r  y ie lds  in gene ra l  
t h a n  wi th  a solvent ,  a n d  r e d u c i n g  the  p r e s s u r e  has  a 
s o m e w h a t  un favo rab l e  effect  on synthes is ,  c o n t r a r y  to  
w h a t  might  have  been  expec t ed .  In  fact ,  it  is p r o b a b l e  t h a t  
no t  on ly  t he  syn thes i s  w a t e r  is e l imina ted ,  b u t  also t he  
w a t e r  mak ing  up  the  L ipozyme (which  m a k e s  t he  l a t t e r  
inopera t ive ) ,  a n d  a l t hough  p e r o x i d e s  a r e  r e p u t e d  to  be 

TABLE 3 

Yields (%) O b t a i n e d  W i t h o u t  S o l v e n t  

Conditions 70~ 90~ 

TG/lysine = 2 6.0 7.0 
Without catalyst 0 0 
Resin only 0 0 
Under reduced pressure 18.0 5.0 
1 atm. with Ne 25.6 36.6 
1 arm. without N2 24.0 29.2 
2 Days 39.4 not titrated 
4 Days 39.6 60.7 
7 Days not titrated 73.0 
adding 90 ~L of water not titrated 16.0 
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FIG. 3. Evolution of  synthes is  vs  the F A / T G  ratio. 
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FIG. 4. Inhibition of  synthes is  by oleic acid wi th  a constant 
TG/Lys ine  ratio. 

TABLE 4 

Reaction Mixture Composition 

Free lysine (mg) 292 292 292 292 292 
Esterified fatty 282 188 141 94 0 
acidsa(mg) 
Oleic acid (mg) 0 94 141 188 282 
Lipozyme (rag) 50 50 50 50 50 
Hexane (mL) 3 3 3 3 3 

aln soybean oil form. 

lipase inhibitors, adding nitrogen to prevent any oxida- 
tion of lipids has few beneficial effects; adding water, 
corresponding to the quanti ty required for obtaining 50% 
hydrolysis of soybean oil, adversely affects the reaction; 
this result shows that, for the reaction to occur properly, 
the concentrat ion of fatty acids must  remain low. In fact, 
triglycerides play the role of a feeding tank delivering 
fatty acids as and when required by the reaction, and 
despite the viscosity of the reaction medium, after a few 
hours the evolution over time is important,  since at 90~ 
it increases from 29% in 24 hr to 60% in 4 days. 

As the temperature  of 90~ is not usual for a biological 
catalyst, we initially suspected that  the macroporous  
anion exchange resin could have had a catalytic effect 
due to its structure. Tests conducted at both 70 and 90~ 
with no catalyst or with virgin resin do not give rise to 
synthesis. Therefore, it appears that  the catalytic effect 
can only come from the combination of the lipase of 
Mucor miehei and the resin. In other  words, the resin! 
enzyme bond is characterized by exceptional activity 
which the two elements are incapable of individually. 
Grafting this lipase onto this type of resin provides a 
remarkable and exceptional thermal stability factor. 

As synthesis of the molecule required is effective from 
triglycerides (TG), it was logical to examine the fact that  
yields are low in the presence of oleic acid and high in the 
presence of triglycerides. Our way of approaching this 
phenomenon was to conduct  tests using oleic acid and 
triglyceride mixtures in two different ways--varying the 
fatty acid (FA)/TG ratio; and keeping a constant  TG/ 
lysine ratio while varying fatty acid concentration. 

Study of varying the FA/TG ratio. Experiments were 
conducted using hexane as the solvent. The quanti ty of 

lysine and the total FA + TG remained constant,  and are 
given in Table 4. 

If yield is expressed as a function of the esterified acid/ 
free acid ratio (Fig. 3), strong inhibition of the reaction by 
free fat ty acids is seen. A yield of 4% was obtained in the 
presence of oleic acid alone. The fatty acid is therefore n o t  
a strict inhibitor. Perhaps its inhibiting action is simply 
due to ionic fixation of the fatty acid onto the Lipozyme's 
macroporous  anion exchange resin, thereby creating a 
lipophilic macrost ructure  preventing the lysine from 
gaining access to the active site of the lipase. 

Study of the effect of fat ty  acids keeping a constant TG/ 
lysine ratio. The quantities of lysine and soybean oil were 
fixed at 292 mg and 282 mg, respectively. The quantities 
of fat ty acids were varied from 0 to 181 mg. Figure 4 
reveals a considerable inhibiting effect of the oleic acid on 
the reaction, though it did not stop it. Yields dropped 
from 15.1% in the best case, to 8.9% in the most unfavora- 
ble case, i.e., in a reaction medium containing 181 mg of 
oleic acid. These results enable us to categorically con- 
clude that  free fatty acids have an inhibiting effect. 

When using fatty acids in TG form, it is possible to add 
the latter to the medium as and when they are hydro- 
lyzed, thereby avoiding their accumulation. It is also 
possible that, under these conditions, the fatty acids are 
found in an active enzyme-substrate compound form, 
favoring transacylation, by preventing the straight 
release of fatty acids into the medium. 

TABLE 5 

Fragmentation Obtained with  Mass  Spectrometry 

Mass Fragments 

41 
55 
84 

154 
166 
244 

307 
368 
411 

CH=CHCH2 + H § 
CHzCH=CHCH,~ + H + 
(CH2)4CH 
CH3(CHz)TCH=CHCH2 + H + 
CH,~( CH2)vCH=CH(CH2 )2 
(CH2),~CN(CH2)4CHNH2 

OH COOH 
M - COOH --  CH,~(CH2)3 + H + 
M - CH~3(CH2)2 + H + 
Mass peak + H + 
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TABLE 6 

Interpretation of the NMR Spectrum 

D. MONTET ETAL.  

ppm 5.32 4.85 3.2 2.2 2.02 1.55 1.30 0.88 

Intensity 1.100 55.283 1.749 1.104 2.421 18.212 1.784 
Type of signal Sing. Mas. Mult. Tripl. Mas. Mas. Mas. Tripl. 
Number of 
protons 2 --  3 2 4 8 20 3 
Attribution CH=CH SoN. CH-COOH CH2C CH2 CH2 CH2 CH3 

NH2 O 

HO 
Carbon no. ~ 16;17 --  2;6 9 15;18 3;10 4-5 25 

14;19 20 to 24 
11 to 13 

~The molecule is numbered starting from the carbon of the lysine's carboxyl function. Sing., singlet; mas., Massif; mult., multiplet; trip., triplet; 
and solv., solvent. 

TABLE 7 

Oleyllysine Microanalysis 

Element Theoretical % Measured % 

C 70.24 68.28 
H 11.22 11.09 
O 11.71 12.22 
N 6.83 6.50 

C o n f i r m a t i o n  o f  N-e-oleyl lys ine  s t ruc ture .  In o r d e r  to  
c h e c k  w h e t h e r  t he  p r o d u c t  o b t a i n e d  w a s  in fac t  N-e- 
oleyllysine,  we p r o d u c e d  the  mass ,  p r o t o n  n u c l e a r  mag-  
ne t ic  r e s o n a n c e  a n d  mic roana ly s i s  s p e c t r a  for  it. The  
m a s s  s p e c t r u m  was  o b t a i n e d  u n d e r  F a s t  A t o m  B o m b a r d -  
m e n t  wi th  a p -n i t robenzo ic  a l coho l  m a t r i x .  The  c h a r a c -  
t e r i s t i c  f r a g m e n t s  iden t i f i ed  a r e  given in Table 5. The  m a s s  
p e a k  o b t a i n e d  conf i rms  the  a u t h e n t i c i t y  o f  t h e  p r o d u c t .  
The p r o t o n  s p e c t r u m  w a s  o b t a i n e d  on a B r u k e r  AC 250 
a p p a r a t u s  ( B r u c k e r  I n s t r u m e n t s ,  Inc., Kar l s ruhe ,  Ger-  
many) ,  a n d  Table 6 gives i ts i n t e r p r e t a t i o n .  This s p e c t r u m  
conf i rms  t h a t  t h e  lysine a n d  the  oleic ac id  a r e  l inked  by  a n  
a m i d e  b o n d  on ly  c o n c e r n i n g  t h e  a m i n e  func t ion  a t  t h e  
e n d  of  t h e  chain .  Table 7 gives t he  m i c r o a n a l y t i c a l  r e su l t s  
o b t a i n e d  p e r  m e a s u r e m e n t ,  as  c o m p a r e d  to  t he  t h e o r e t -  
ica l  r e su l t s  a n d  conf i rms  the  a tomic  s t r u c t u r e  o f  t h e  
molecule .  The  mel t ing  p o i n t s  m e a s u r e d  for  t h e  c o n t r o l  N- 
e- lauryl lys ine  a n d  the  N-e-oleyllysine o b t a i n e d  enzyma t i -  
ca l ly  a r e  263~ a n d  229~ respect ively .  I t  is seen  t h a t  t h e  
d i f fe rence  be tween  t h e  mel t ing  po in t s  of  l au r ic  a n d  oleic 
ac ids  is r e f l ec ted  in t he  c o r r e s p o n d i n g  N-e-acyllysines.  

Therefore ,  t h e r e  is hope  o f  m a s t e r i n g  t h e  rheologica ' l  
p r o p e r t i e s  of  t h e s e  t ypes  of  c o m p o u n d s  a c c o r d i n g  to  
f o r m u l a  r equ i r emen t s .  

The success  of  th i s  syn thes i s  s h o w s  t h a t  i t  is poss ib le  to  
ob t a in  t h e s e  mo lecu l e s  b io technolog ica l ly ,  w h e r e a s  con-  
ven t i ona l  c h e m i c a l  m e t h o d s  have  no t  e n a b l e d  us to 
ach ieve  o u r  objec t ives  so far,  for  d i f fe ren t  r easons .  

The  essen t i a l  d i f f icul ty  s t ems  f rom the  p r e s e n c e  of  two  
a m i n e  func t ions ,  w h e r e a s  w e  a re  only  i n t e r e s t e d  in 
acy la t ing  the  one  occupy ing  t h e  end  o f  t he  lysine chain ,  
w i t h o u t  p r i o r  p r o t e c t i o n  of  t h e  a m i n e  func t ion  l o c a t e d  in 
tr pos i t i on  of  t he  c a r b o x y l  g roup .  
These  resu l t s  can  be a d d e d  to t hose  a l r e a d y  pub l i shed  
e l s ewhere  ( 2 - 6 )  a n d  con f i rm  t h a t  a c y l a t i o n  of  an  a m i n e  
func t ion  by  a f a t t y  acid,  w h o s e  c a r b o n  cha in  l eng th  is > 8, 
is possible .  
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