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THE USE OF THE ACETOLYSIS REACTION FOR THE 

INVESTIGATION OF NATURAL PHOSPHOLIPIDS 

A. N. Ushakov, M. Lo Tsirenina,  
V. A. Vaver, and L. D. Berge l ' son  

UDC 547.953:665.37 

The dephosphorylation of glycerophosphat ides  by heating with a mixture  of acetic acids and acet ic  anhy- 
dride leads to aceta tes  of the corresponding diglycerides [1-7]. The acetolysis  react ion has been used repea t -  
edly for  determining glycerol  in phospholipids [4, 5] and for studying their  molecular  composition on the basis 
of a s t ruc tura l  analysis of the diglycer ides  formed [3-5, 8, 9]. Nutter  and P r ive t t  [10] have questioned the 
suitability of this method for  determining molecular  types of phospholipids, since they found that acetolysis  
is accompanied by a redis t r ibut ion of the aeyl res idues .  At the same time, other  authors [3, 8] have not ob- 
served acyl migrat ion and have used acetolysis  to determine the molecular  types of the leeithins isolated f rom 
egg yolk. 

The exhaustive identification of the products  of the aeetolysis  of phospholipids has not hitherto been pe r -  
formed.  Such an a t tempt  is descr ibed  in the presen t  paper .  The resu l t s  obtained have shown that the acetolysis  
of glycerophosphatides isolated f rom various mammalian t issues followed by the methanolysis  of the acetolysis  
products is accompanied by the format ion of acylals  of fatty aldehydes and of some dihydrie alcohols, which 
complicates the in terpre ta t ion of ga s - l i qu id  chromatograms  (GLC) and dis tor ts  the resul ts  of the determinat ion 
of g lycerol .  

Since l i te ra ture  informat ion relat ing to the optimum tempera tu re  and time of acetolysis  is se l f -con t ra -  
dictory (see [3-5, 7]), we f i r s t  studied the quantitative side of this react ion.  The total  phospholipids isolated 
f rom various mammal ian  t i s sueswas  subjected to acetolysis  at 150°C [3] for 1-10 h. The acetolysis  products  
were evaporated,  the residue was distr ibuted in the c h l o r o f o r m - m e t h a n o l - w a t e r  ( 8 : 4 : 3 )  sys tem [3], and the 
completeness  of the reac t ion  was judged f rom the amount of phosphorus passing into the aqueous methanolic 
layer .  The resu l t s  of the dephosphoryla t ionofnatura lphosphol ip ids  with a mixture  of acet ic  acid and acetic 
anhydride [1 ml of a mixture  of acid and anhydride (2:3) to 25 mg of phospholipids] showed that the p rocess  is 
pract ical ly  complete af ter  5 h. 
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Source of phospholipids 

Rat  l i ve r  

Cattle bra in  
Cattle hea r t  
Rat lungs 
Rabbit  blood s e r u m  

Time  of heating,  
hours  

1,0 
2,5 
5,0 

10,0 

5,0 
5,0 

5,0 
5,0 

P ercentage 
dephosphorylat ion 
(average of three 
determinations} 

8o 
98 
98 

92 
91 

95 
93 

Consequently,  the conditions of ace to lys i s  proposed by Renkonen [3] do actually ensure  the dephosphorylat ion 
of g lycerophosphat ides  to the extent of more  than 90%. The use of more  s e v e r e  conditions (boiling the phospho-  
lipids with a mix ture  of t r i f luoroacet ic  acid and acet ic  anhydride [5]) is unjustified. 

G a s - l i q u i d  chromatography  showed that in the major i ty  of cases  in addition to the ace ta tes  of  d ig lyce r -  
ides ,  at  an elution t e m p e r a t u r e  T R of 280-290°C the ace to lys i s  products  contained subs tances  with T R 190-200°C, 
which is close to the T R values of  d iace ta tes  of monoglycer ides  (see Fig. l a  and b). However ,  these subs tan-  
ces a r e  not d iaceta tes  of  monoglycer ides ,  since they a r e  separa ted  f r o m  the la t ter  on chromatography  on a thin 
l ayer  of s i l ica  gel (TLC), and on being heated with a methanol ic  solution of hydrogen chloride a re  converted in-  
to a mixture  of aldehyde dimethyl  ace ta ls .  Apparent ly ,  the substances  with T R 190-200°C are  acyla ls  of h igher  
fatty aldehydes fo rmed under  the conditions of ace to lys i s  through the cleavage of natural  p lasmalogens .  

To check this hypothes is ,  we p e r f o r m e d  two control e~per iments .  In the f i r s t  of them, a mixture  of 
s teara ldehyde and palmitaldehyde was heated under the conditions of ace to lys is .  The TLC and GLC of the 
reac t ion  products  (see Fig. lc)  showed that the aeyla ls  obtained f rom the aldehydes,  CH~(CH2)nCH(OCOCH3) 2 

• II 

• ~ C 

~O° C 

c 3 d e g / m i n  J J lJ,.~o_ 
., ; u , - J L  

3#~ ° C i  
3 deg/mln , il 

x S ~  xSO0 I ~ 1,~E, C 

Fig. 1. G a s - l i q u i d  c h r o m a t o g r a m s  of ace to lys i s  products:  
a) of  the total phospholipids of r a t  l iver ;  b) of the phospho- 
lipids of bovine card iac  muscle;  c) of  a model mixture  of 
palmitaldehyde and s teara idehyde;  d) of the total phospho-  
lipids of bovine card iac  musc le  previously  f reed f rom p l a s -  
malogens .  
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Fig. 2. Gas - l i qu id  chromatograms  of acetates 
of polyols obtained after  the acetolysis  and acid 
(a) or alkaline (b) methanolysis of the total phos-  
pholipids of rat l iver .  

(n = 14, 16), coincidein their  Rf  and T R values with the substances detected in the products of the acetolysis  
of natural  phosphatides. In the second experiment,  the total phospholipids of cattle heart,  which, af ter  aeetoly-  
sis,  gave a par t icular ly  large amount of substances with T R 190-200°C, was t rea ted  with a solution of m e r -  
curic chloride in dilute hydrochloric  acid [11], rechromatographed on si l ica gel, and again subjected to acetoly-  
sis.  The GLC of the acetolysis  products  (see Fig. ld) showed that they contained only the acetates of mono- 
and diglycerideso Thus, not only control experiments  but also the resul t  of  the acid ethanolysis of the substan- 
ces with T R 190-200°C confirmed the hypothesis that they consisted of acylals  of fatty aldehydes. 

The products  of the acetolysis  of the total phospholipids were subjected to acid o r  alkaline methanolysis ,  
and the polyols l iberated in the form of the corresponding acetates  were analyzed by GLCo It was found that 
glycerol  is not the only alcohol present  in the hydrolyzates:  In addiUon to glycerol  the products of alkaline 
methanolysis contained 5-15% of an alcohol (Fig. 2b) the acetate of  which had a relat ive retention volume VR rel 
of 0.28 ( refer red  to triacetin). The products of the acid methanol~sis of  the same diglyceride acetates  con- 
rained glycerol  and another alcohol the acetate of which had VR re1 0.41 (see Fig. 2a). When this acetate was 
boiled with an ethanolic solution of potassium methoxide and the react ion products  were then acetylated, an 
acetate with v R r e l  0.28 was formed.  Under the conditions of acid and alkaline methanolysis,  both acetates 
(with v R r e l  of 0.41 and 0.28) gave a vicinal diolwithan Rf  value close to that of ethylene glycol. 

To determine the nature of the substance with v R r e l  0.41, the acetolysis  products  f rom the total phospho- 
lipids of cattle heart  were subjected to acid methanolysis .  The methanolysis products ,  which passed into the 
methanol layer  on distribution in the hexane-methano l  (1:1) sys tem,  were separated by chromatography on a 
column of si l ica gel. The fraction corresponding to the dihydrie alcohols was acetylated and purified by p re -  
parative GLC. The acetate with VR rei 0o41 that was isolated contained halogen and had the same VR r e i  value 
as 1-chloropropane-2,3-diol  diacetate.  The NMR spect ra  of the substance with VR rel  0.41 and of synthetic 
1-chloropropane--2,3-diol diacetate proved to be completely identical (Fig° 3). 

The acetate with VR rel 0028 was also isolated by prepara t ive  GLC and was investigated by NMR and mass  
spect rometry .  The NMR spect rum had the signals of the protons of two acetyl groups (5 2.02 and 2.05 ppm), 
the signals of the protons of methyl groups in an ether  (3.34 ppm), and a doublet of the protons of a methylene 
group attached to a methoxy group (3.45 ppm)° A group of  peaks with its center  at 4.2 ppm represented an AB 
multiplet of the protons of a CH 2 group connected with an acetyl group, and signals at 5.07 ppm corresponded 
to the proton of a CH group to which an acetyl group is attached (Fig. 4). On this basis ,  the acetate with VR rel  
0.28 can be ascr ibed the s t ruc ture  of 1-methoxypropane-2,3-diol  diacetate.  The mass spectrum of synthetic 
1-methoxypropane-2,3-diol  diacetate and that of the natural sample coincided completely (Fig. 5). 

Thus, the substance with v R r e l  0.28 is 1-methoxypropane-2,3-diol  diacetate,  which can be formed in the 
alkaline methanolysis  of 1-chloropropane-2,3-diol  (vRrel  0.41) or  its e s t e r s  present  in the products  of the 
aeetolysis  of natural phosphatides. 

The formation of derivat ives of 1-chloropropane-2 ,3-diol  when phospholipids are heated with a mixture 
of acetic acid and acetic anhydride shows that the react ion mixture contained inorganic chlorides.  The la t ter  
were possibly "trapped" by the phospholipid micelles and were not separated during the subsequent washing 
[12] and chromatography of the ext rac ts .  It is  also not excluded that the contact of natural phosphatides with 
chloroform causes the formation of hydrochlorides of aminophosphatides. To check this, an experiment was 
per formed in which a solution of the total phospholipids of cattle hear t  in a mixture af ethanol and ether (3 : 2) 
was dialyzed for two days against  an excess of water .  In another experiment,  an equimolar amount of ethanol- 
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Fig. 3. NMR spect ra  of synthetic 1 -ch lo ro -  
propane-2,3-diol  diacetate and that formed as 
a by-product (b). 

amine hydrochloride or  choline hydrocblor ide was added to the same phospholipids. Both samples were heated 
with a mixture of acetic acid and acetic anhydride, and the react ion products  were subjected to acid or alkaline 
methanolysiso The polyols isolated from the hydrolyzates  were acetylated and analyzed by the GLC method. 
The chromatograms obtained show that after  dialysis of the phospholipids, 1-chloropropane-2,3-diol  and 1- 
methoxypropane-2,3-diol  were absent f rom the hydrolyzate,  while additions of ethanolamine hydrochloride to 
the initial phospholipids formed increased the amounts of these substances.  

Thus, in the use of the acetolysis  reaction for the study of molecular  types of natural phospholipids o r  for 
determining the bound glycerol ,  one must  take into account the possibili ty of a distort ion of the resul ts  of 
the analysis through the formation of by-products.  To prevent their formation,  the phospholipids undergoing 
analysis must be f reed from plasmalogeas  and from "trapped" chloride ions. 

E X P E R I M E N T A L  

A c e t o l y s i s  o f  t h e  P . h o s p h o l i p i d s .  A solution of phospholipids containing about 1 m g o f l i p i d  
phosphorus was placed in a thin-walled glass  tube. The solvent was eliminated by blowing dry argon through 
the tube. The evapQrated phospholipids were treated with 1 ml of a mixture of freshly distilled acetic anhydride 
and glacial acetic acid (2:3).  Then the tube was sealed and it was heated at 150°C for 5 h. After cooling, the 
tube was opened and the contents were distributed in the c h l o r o f o r m - m e t h a n o l - w a t e r  (4 : 2 : 1.5) system. The 
chloroform layer  was separated off and evaporated,  and the phosphorus in the aqueous ethanolic layer  was de- 
termined.  The products that had passed into the chloroform layer  were analyzed by the GLC method. 

G L C  o f  t h e  A c e t o l y s i s  P r o d u c t s °  This was per formed on a Pye-Unicam Ser ies104  Model 24 
chromatograph using a 1000 × 4 mm column containing 3~ of QF-1 polysiloxane. From the moment of injection 
of the sample,  the temperature  of  the thermosta t  was raised f rom 180 to 300°C at the rate of 3 deg/min.  The 
rate of flow of c a r r i e r  gas was 60 ml/min° The GLC of the acylals  of fatty aldehydes was per formed under 
the same conditions. 

G L C  o f  t h e  D i m e t h y l  A c e t y l s  o f  t h e  A l d e h y d e s .  T h i s w a s p e r f o r m e d o n a l 2 0 0 × 4  mm 
column containing 10~ of Reoplex-400 at 140°C; the rate of flow of c a r r i e r  gas was 50 mi /min,  the inst rument  
being a Pye argon chromatograph. 

M i l d  A c i d  H y d r o l y s i s  o f  t h e  N a t u r a l  P h o s p h o i i p i d s .  About 25 ml of the total phospho- 
l ipids 'were treated with a mixture consist ing of 5 ml of methanol, 3.5 ml of water ,  and 1 ml of a 1% solution of 
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NMR s p e c t r a  of synthet ic  I - m e t hoxyp r opa ne - 2 ,3 - d i o l  
(a) and that fo rmed as a by-product  (b)o 

m e r c u r i c  chlor ide  in 0.1 N hydroch lo r i c  acid .  The reac t ion  mixture  was s t i r r e d  for  2-3 min, and then 9 ml 
of ch lo ro fo rm was added.  The l a y e r s  were  s epa ra t ed  and the products  that had passed  into the ch loroform 
l a y e r  were  r eeh roma tog raphed  o n  a column of s i l i c a  gel to e l iminate  aldehydes° 

I n v e s t i g a t i o n  o f  t h e  P o l y o l  C o m p o s i t i o n  o f  N a t u r a l  P h o s p h o l i p i d s °  The total 
phosphol ipids  ex t rac ted  by method [12] (25 mg) was subjec ted  to mi ld  acid hydro lys i s ,  r e c h r om a t og raphed  
on a column of s i l i ca  gel ,  and kept under  ace to lys i s  condi t ions .  The ace to ly s i s  p roduc ts  pass ing  af te r  s e p a r a -  
tion into the ch loroform l aye r  were  subjected to a lkal ine  o r  acid  methano lys i s .  

Alkal ine Methanolys is .  This  was p e r f o r m e d  with a 2.5% solution of po t a s s ium methoxide in methanol 
(2 ml) .  The reac t ion  mix ture  was boi led  for  1 h and i t  was then neu t ra l i zed  with a 0ol N solut ion of sul fur ic  
acid  in methanol .  The po ta s s ium sulfate  was s epa ra t ed  off by centr i fuging,  the solvent  was evapora ted ,  and the 
r e s idue  was d i s so lved  in 1 ml of a 1 - 1 mix ture  of e ther  and methanol.  The polyols  were  s epa ra t ed  f rom the 
methyl  e s t e r s  of fatty acids  by TLCo 

Acid Methanolysis°  This  was p e r f o r m e d  with a 2.5% solut ion of hydrogen chlor ide  in abs .  methanol  (1 ml) 
at the boil for  1 h. The reac t ion  mix ture  was evapora ted ,  and the res idue  was d i s so lved  in 1 ml of a 1 : 1 mix-  
ture  of  e the r  and methanol  and was chromatographed  on a p r e p a r a t i v e  p la te  of s i l i c a  gel° The polyols  obtained 
by a lkal ine  and acid methano lys i s  of the dephosphoryla ted  phosphat ides  were  ace ty la ted  [13] and inves t iga ted  
by GLC. 
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Fig. 5. Mass spect ra  of synthetic 1-methoxy-  
propane-2,3-diol  diacetate (a) and of  1-methoxy-  
propane-2,3-diol  diacetate formed as a by-product  
(b). 

~solatlon of 1-Chloropropane-2,3-diol  Diacetate f rom the Products  of  the Acetolysis and Acid Methanoly- 
sis of the Total Phospholipids of Cattle Heart .  About 1.5 g of the total lipids extracted by method [12] f rom 
cardiac muscle t issue was separated into neutral lipids and phospholipids on a 400 × 40 mm column containing 
200 g of KSK si l ica gel (100-150 mesh). The total neutral lipids was eluted with chloroform (250 ml) and the 
total phospholipids successively with 150 ml of c h l o r o f o r m -  methanol (5 : 95), 150 ml of methanol, and 150 ml 
of a 4% solution of methanol in water .  The last three eluates were combined and evaporated and the residue 
was dissolved in 10 ml of a mixture of acetic acid and acetic anhydride (3 : 2) and kept under acetolysis  condi- 
tions. After cooling, the tube was opened and the contents was evaporated at 40°C/20 mm, the residue being 
distributed in c h l o r o f o r m - m e t h a n o l - w a t e r  (16 : 8 : 6). The chloroform layer  was evaporated in vacuum and 
the residue was subjected to acid methanolysis  in the presence of 10 ml of a 2.5% solution of hydrogen chloride 
in absolute methanol. The methanolysis  products  were evaporated and the methanol was distributed in the 
hexane-methano l  (2 : 1) system.  The polyols that had passed into the methanol layer  were isolated by ch roma-  
tography on a 100 × 20 column containing 12 g of KSK silica gel (100-150 mesh) in the ch lo ro fo rm-me thano l  
(8 : 1) system,  the completeness of  separation being checked by the TLC method. Fract ions containing a sub-- 
stance with Rf 0.53 were combined and evaporated,  and the residue was acetylated [12]. This gave about 20 
mg of 1-chloropropane-2,3-diol  diacetate containing 15-20% of tr iacetin as impurity.  Pure  1 -ch lo ropropane-  
2,3-diol diacetate was isolated f rom this mixture by preparat ive  GLC. 

Isolation of 1-Methoxypropane-2,3-diol  Diaeetate from the Products  of the Acetolysis and Alkaline 
Methanolysis of  the Total Phospholipids of Cattle Heart .  About 750 mg of the total phospholipids isolated by 
extraction [12] and column chromatography on sil ica gel was kept under aeetolysis  conditions. The acetolysis  
products were subjected to alkaline methanolysis by being heated with 10 ml of a 0.4 N solution of potassium 
methoxide in methanol. The react ion mixture was neutralized with a 0.4 N solution of sulfuric acid in methanol 
and it was distributed in the hexane-methano l  (2 : 1) sys tem.  The methanol layer  was evaporated and the r e s i -  
due was chromategraphed on a layer  of sil ica gel under the conditions described above, a fraction with Rf  0.53 
being isolated, and this was subjected to acetylation and then to prepara t ive  GLC. This gave about 10 mg of 1- 
methoxypropane-2,3-diol  diacetate.  

P r e p a r a t i v e  G L C  o f  1 - M e t h o x y p r o p a n e - 2 , 3 - d i o l  a n d  1 - C h l o r o p r o p a n e - 2 , 3 - d i o l  
Di a c e  ta  te  s .  The acetates were isolated preparat ively  on a Pye "Panehromatograph" using a 2700 × 10 
column filled with 10% of PEGA on Chromosorb W (60-80 mesh). The temperature  of the thermostat  was 160°C 
and the rate of flow of the c a r r i e r  gas 50-70 ml/min.  The separated components were trapped in U-shaped 
glass  traps at 0°C. Samples were  selected visually with the aid of a Hamilton preparat ive collector .  

M a s s  S p e c t r o m e t r y  o f  1 - M e t h o x y p r o p a n e - 2 , 3 - d i o l  D i a c e t a t e .  The mass spect rum 
was recorded  on a standard MKh-1303 inst rument  with a sys tem for  the introduction of the samples close to the 
ionization chamber .  The energy of the ionizing electrons was 30 eV, and the temperature 40-55°C. 

D i a l y s i s  o f  t h e  T o t a l  P h o s p h o l i p i d s .  The to ta lphosphol ip ids  extracted by the method of 
Folch et al. [12] (25-30 mg) was dissolved in 10 ml of ethanol ether  (2 : 1) and dialyzed in a cellophane film 
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against  an excess  of water  at 20°C for  24 h. After  the end of d ia lys is ,  the solvent was evapora ted  off and the 
res idue was dissolved in 5 ml of benzene.  

A c e t o l y s i s  o f  t h e  T o t a l  H e a r t  P h o s p h o l i p i d s  w i t h  t h e  A d d i t i o n  o f  C h o l i n e  H y -  
d r o c h 1 o r i d e .  A mix tu re  of 25 mg of the total hea r t  phospholipids and 3 mg of choline hydrochlor ide  was 
kept under ace to lys i s  conditions. The products  were  subjected to acid methanolys is .  The polyols  were  i so la -  
ted by compara t ive  TLC,  acetyla ted ,  and analyzed by the GLC method. 

S U M M A R Y  

lo When the aee to lys i s  reac t ion  is used to study the molecu la r  types of natural  phospholipids o r  to 
de te rmine  the bound g lycerol ,  the possibi l i ty  of a dis tor t ion of the r e su l t s  of ana lys i s  through the format ion  of 
by-products  must  be taken into account.  

2° In o rde r  to prevent  the format ion of aldehyde acyla ls ,  the pho.spholipids undergoing analysis  must  
f i r s t  be f reed  f rom p lasmalogens .  

3. To prevent  the format ion  of de r iva t ives  of  p ropane - l , 2 -d io l  in the hydrolyza tes  of the aee to lys i s  p rod-  
ucts of the phospholipids,  the initial l ipids mus t  be f reed  f rom chloride ions.  
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