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Neutral lipids, the alcohol port ion of which represents  C2-C 4 diols, have been found in nature com- 
para t ively  recent ly  [1-4] and are  now under intensive study in a number  of laborator ies .  In physical  and 
chemical  proper t ies  these compounds are  close to the glycerides,  and their  content in the total lipids is 
compara t ive ly  small  [1, 2, 4]. Therefore ,  the isolation of diol lipids, with ra re  exceptions, is a very  dif- 
ficult problem. The method of adsorption chromatography does not give the desi red result .  Only un- 
saturated dies ters  of diols can be isolated by r eve r sed  phase parti t ion chromatography [5, 6], while the 
saturated diol lipids do not dissolve in the sys tems  usually used, and as a resul t  are  not separated f rom 
the t r ig lycer ides  [6]. 

At the present  t ime, the method of h igh- tempera ture  gas - l i qu id  chromatography (GLC) is being 
successful ly  used for the separat ion of synthetic and natural t r ig lycer ides  [7-11]. This method has also 
been used for the separat ion of a comparat ively  simple mixture of synthetic diol lipids - derivatives of 
ethylene glycol [12] and 1,2-propanediol [13]. Several years  ago we demonstrated that diol d ies ters  can be 
detected in natural  " t r ig lycer ide"  fract ions by h igh- tempera ture  GLC [4]. In this communication we de- 
scr ibe  a gas chromatographic  method for the qualitative and quantitative determination of d ies ters  of C2-C 4 
di01s, developed for  the determinat ion of diol lipids in t r ig lycer ide  fractions.  

E X P E R I M E N T A L  R E S U L T S  AND D I S C U S S I O N  

Diol lipids and t r ig lycer ides  were separated with a model mixture of synthetic dipalmitates and di - 
s t ea ra t e so fe thy leneg lyco l ,  1,2-propanediol,  1,3-propanediol,  1,2-butanediol, 1,3-butanediol, 1,4-butane- 
diol, t r ipalmitia,  and t r i s t ea r in  as an example. Es te r s  of 2,3-butanediol were not introduced into the model 
mixture,  since they are  separated from t r ig lycer ides  and es te r s  of the above-mentioned diols during the 
isolation of the t r ig lycer ide  fractions [3, 4 t. 

TABLE 1. Synthetic Dipalmitates and Distearates  
of Diols * 

Polyols 

Ethylene glycol ] 
1,2- Propanedioll 
1, 3-Propanediol[ 
1, 2- Butanediol [ 
1, 3-Butanediol ] 
t,4- Butanediol [ 

Palmitate 

yield,% i mp, ~ 

90 69,5--7t,0 
83 48,0--49,0 
88 58,0--60,0 
9t 32,5--34,0 
85 37,0~39,0 
89 63,0--65,0 

8tearates 

yield,% mp, ~ 

93 75,0--75,5 
95 57,0--59,0 
88 63,0--65,0 
87 45,0--46,0 
93 44,0--45,0 
90 6t,0--62,0 

* In elemental analysis of the synthesized diol derivatives, 
satisfactory values were obtained for the content of C and H. 

Diol d ies te rs  were produced by adding an 
ether  solution of two equivalents of the cor respond-  
ing acid chloride to a solution of one equivalent of 
the dihydric alcohol and two equivalents of pyridine 
in abs. ether,  chilled to 0 ~ The reaction products 
were mixed for 2 h at room temperature ,  diluted 
with water ,  and extracted with ether.  The e ther  
extract  was washed with 5% HC1, with water,  dried 
with anhydrous MgSQ, and evaporated under vacu- 
um. The diol dipalmitates and dis teara tes  obtained 
in the residue were recrys ta l l i zed  from 96% ethanol. 
The yields and melting points of the compounds 
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Fig. 1. Chroma tog ram of a mix tu re  of d ipa lmi ta tes  
and d i s t ea ra t e s  of diols,  t r ipa lmi t in ,  and t r i s t ea r in .  
(Column 1000 • 4 m m  with 3% QF-1 on a " G a s - c h r o m  
Q," 85-100 mesh,  a rgon  consumption 75 m l / m i n . )  1, 
2) Dipalmita tes  of ethylene glycol and 1,2-propanediol ;  
3) 1,2-butanediol d ipalmita te ;  4) 1,3-butanediol dipal-  
mita te ;  5) 1 ,3-propanediol  d ipalmita te ;  6) 1 ,4-butane-  
diol dipalmitate ;  7) d i s t ea ra t e s  of ethylene glycol 
and 1,2-propanediol ;  9) 1,2-butanediol  d i s tea ra te ;  10) 
1,3-butanediol d i s t ea ra te ;  11) 1 ,3-propanediol  di-  
s t ea ra te ;  12) 1,4-butanediol  d i s tea ra te ;  13) t r ipalmit in ;  
14) t r i s t ea r in .  

obtained are  cited in Table 1. Tr ipa lmi t in  and t r i s t e a r i n  were  synthes ized according to the method of [14] 
with yields of 91 and 85%, respec t ive ly .  

Quali tat ive Analysis .  GLC of a mix ture  of diol l ipids and t r ig lyce r ides  was conducted on columns 
1000 • 4 m m  with 3% fluorinated si l icone QF-1 on a s i lanized c a r r i e r  " G a s - e h r o m  Q," 85-100 mesh .  The 
ins t rument  was a Pye chromatograph ,  s e r i e s  104, model  24, with a different ia l  f l ame- ion iza t ion  de tec tor .  
Before  use,  the columns with si l icone were  heated for five days in a s t r e a m  of argon at 320 ~ The mix ture  
of lipids was introduced with a m i c r o s y r i n g e  in the fo rm of a 10% solution in ch lo ro fo rm or  CC14. In this 
case ,  for reproducib le  evapora t ion  of the sample  it was n e c e s s a r y  that the end of the needle of the m i c r o -  
syr inge  be in d i rec t  contact  with the packing of the column. F r o m  the moment  of introduction of the sample ,  
the t e m p e r a t u r e  of the the rmos ta t  was r a i sed  f rom 220 to 320 ~ at a ra te  of 3 deg/min .  The consumption of 
the c a r r i e r  gas at the initial t e m p e r a t u r e  of analys is  was 75 m l / m i n ,  s ize  of the sample  1-2 pt. 

Under the indicated conditions, d ipa lmi ta tes  and d i s t ea ra t e s  of diols a re  eluted in the in terva l  244- 
271~ t r ipa lmi t in  and t r i s t e a r i n  a re  eluted at 302 and 317 ~ respec t ive ly ,  and do not in te r fe re  with the de t e r -  
minat ion of the diol lipids (Fig. 1, Table 2). As can be seen f rom the ch roma tog ram,  d ipa lmi ta tes  and di- 
s t e a r a t e s  e m e r g e  f rom t he  column in approx imate ly  the s ame  o rde r  as the cor responding  d iace ta tes  [15] or  
f ree  alcohols [16]. However,  the quality of separa t ion  is apprec iab ly  poorer :  e s t e r s  of ethylene glycol and 
1, 2-propanedio l  e m e r g e  in a single peak and are  only par t ia l ly  s epa ra t ed  f rom the e s t e r s  of 1,2-butanediol.  
D ie s t e r s  of 1 ,3-propanediol  and 1,3-butanediol a re  also incomplete ly  resolved.  At tempts  might  be made to 
improve  the separa t ion  by lengthening the column. However,  the use of longer  columns involves an in- 
c r e a s e  in the t e m p e r a t u r e  of analys is ,  rapid wear  of the packing, and apprec iab le  l o s ses  of t r i g lyce r ides .  
There fo re ,  we conducted the separa t ion  of model  mix tu res  and natural  lipids exclus ively  on shor t  (1000 
ram) columns.  

Quantitative Analysis .  For  a quanti tat ive e s t ima te  of the content of diol lipids in the t r i g lyee r ide  
f rac t ions  it is n e c e s s a r y  to de te rmine  the empi r i ca l  co r r ec t ion  fac tors .  These coeff ic ients ,  re f lec t ing  the 
s u m m a r y  e r r o r  of the analys is ,  a re  obtained by compar ing  the t rue  ra t io  of the components  of the model 
mix tu re s  (according to the sample  weight) and the rat io  found by integrat ion of the a r e a s  of the peaks  on the 
c h r o m a t o g r a m s .  In h igh - t empera tu re  chromatography ,  a g rea t  influence on the e m p i r i c a l  co r r ec t ion  fac- 
t o r s  is exer ted  by the nonuniformity of evaporat ion of the sample  [9-11]. Moreover ,  it has been shown that 
under conditions of h igh - t empe ra tu r e  GLC, the co r rec t ion  fac tors  depend on the degree  of s tabi l izat ion of 
the columns and a re  not always the same  for each pa i r  of columns [9]. 
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TABLE 2. Sepa ra t ion  of a Model Mixture  of Dipa l -  

m i t a t e s  and D i s t e a r a t e s  of Diols and T r i g l y c e r i d e s *  

, Palmitates Steara_tes 

abs, tern- abs. tern- Irel. tem- 
:el. temper- I Polyols perature - perature merature 

- ature of re- K 
of retch- of reten- Iof reten- [entlon 
ftion, ~ tion, ~ /tion 

Ethylene glycol I 244 
1,2 - Pro panediol~ 244 
1, 2- Butanediol [ 245 
1,3- But anediol [ 250 
1,3- Propanediol[ 25t 
1,4- Butanediol | 256 
Glycerine . . . .  | 302 

0,938 
0,938 
0,942 
0,962 
0,965 
0,985 
t,t61 

260 
260 
26t 
264 
265 
27t 
3t7 

t,000 
t,000 
t,004 
1,0t5 
1,019 
1,042 
t;2t9 

* For conditions of GLC, see text. 

TABLE 3. C o r r e c t i o n  F a c t o r s  for the Quant i ta t ive  D e t e r m i n a t i o n  of D i e s t e r s  of 
Diols  and T r i g l y c e r i d e s  

Correction Correction 
Substances Substances 

factors* factors* 

Ethylene glycol dipalmitate . . . 
1, 2- Propanediol dipalmitate. . .  
1,3-Propanediol dipalmitate , ,  . 
1,2- Butanediol dipalmitate . . . .  
1.3- Butanediol dip alto itate . . . .  
1,4- Butanediol dipalmitate . . . .  
Ethylene glycol distearate . . . . .  

1.00 
0.99 
0.95 
1.04 
1.02 
1.01 
0.97 

1,2-Propanediol distearate . . . .  
1,3- Propanediol distearate . . . .  
1,2- Bntanediol distearate . . . . .  
1,3- Butanediol distearate . . . . .  
1,4- Butanediol distearate . . . . .  
Tripalmitin . . . . . . . . . . . . . .  
Tristearin . . . . . . . . . . . . . . .  

1.05 
0.97 
1.05 
0.99 
I.I0 

1.15; 1.33~" 
1,20; 1.481" 

* Calculated according to ethylene glycol dipalmitate; an average value of three determinations was 
taken. 
~f Calculated according to chromatograrns taken as a sensitivity of the amplifier x500. The remaining 
chromatograms were taken at an amplifier sensitivity of x2000. 

The c o r r e c t i o n  fac to rs  were  d e t e r m i n e d  a c c o r d i n g  to weighed s a m p l e s  of pure  synthe t ic  s t a n d a r d s .  
The weight c o r r e c t i o n  fac to rs  for  diol  d i e s t e r s  c i ted  in Table  3 were  d e t e r m i n e d  with an a c c u r a c y  wi th in  
5% re l .  F o r  t r i p a l m i t i n  and t r i s t e a r i n ,  the d i s p e r s i o n  in the d e t e r m i n a t i o n  of the coef f ic ien ts  was 10% re l .  
The r e s u l t s  ob ta ined  show that  the c o r r e c t i o n  fac to rs  p r a c t i c a l l y  do not d i f fe r  for  the inves t iga ted  diol d i -  
e s t e r s .  The coef f i c ien t s  for t r i p a l m i t i n  and t r i s t e a r i n  (ca lcula ted a c c o r d i ng  to e thy lene  glycol  d ipa lmi ta te )  
depend on the degree  of s t a b i l i z a t i o n  of the co lumns .  When f r e sh ly  p r e p a r e d  co lumns ,  hea ted  for five days 
at 320 ~ (see above),  a r e  used,  l a rge  l o s s e s  of t r i g l y c e r i d e s  a r e  o b s e r v e d  (the c o r r e c t i o n  fac to rs  a re  equal  
to 3-3.5) ,  but as  they a r e  s t ab i l i z ed ,  the n u m e r i c a l  va lues  of the coef f ic ien ts  d e c r e a s e  rapid ly ,  and a f t e r  
s e v e r a l  days they become  equal  to 1 .1-1.2 (see Table  3). Beginn ing  with this  m o m e n t  we c o n s i d e r  a given 
p a i r  of c o l u m n s  to be su i t ab le  for quan t i t a t ive  a n a l y s i s .  

In the d e t e r m i n a t i o n  of the coef f ic ien ts  c i ted in Tab le  3, s a m p l e s  of the c a l i b r a t i o n  so lu t ions  con ta ined  
f rom 10 to 15 pg of each  component .  It is i n t e r e s t i n g  to note tha t  when the s ample  s i ze  is r educed  four-  
fold the e r r o r  in the d e t e r m i n a t i o n  of t r i g l y c e r i d e s  aga in  i n c r e a s e s  (see Tab le  3). This  is a p p a r e n t l y  due 
to the fact that  a cons t an t  f r ac t i on  of the h i g h - b o i l i n g  componen t s  of the s a m p l e  ( t r ig lyce r ides )  is  c o n s u m e d  
in each  a n a l y s i s  for  the t e m p o r a r y  deac t iva t ion  of the ac t ive  s i t e s  of the packing.  This  f r ac t ion  is neg l ig ib le  
when  the amoun t  of the s a m p l e  is suf f ic ien t ,  but it  b e c ome s  a p p r e c i a b l e  when the s a m p l e  s ize  is s h a r p l y  

reduced .  

The r e s u l t s  tha t  we obta ined  show that  even  unde r  the m o s t  favorab le  condi t ions ,  the a r e a s  of the 
peaks  of t r i g l y e e r i d e s  a r e  lowered  in  c o m p a r i s o n  with the a r e a s  of the peaks  of diol d i e s t e r s  ( co r rec t ion  
fac to rs  g r e a t e r  than  one), a l though the r e l a t i v e  content  of the unoxidized c a r b o n  a toms  is  the s a m e  in both 
types  of compounds .  This  phenomenon ,  a s s o c i a t e d  with the nonun i f o r mi t y  of the e va po r a t i on  of the s a m p l e  
and p o s s e s s i n g  a n u m b e r  of l i t e r a t u r e  ana log ies  [9-11], does not p r e v e n t  the quan t i t a t ive  d e t e r m i n a t i o n  of 
diol  l ip ids  in the t r i g l y c e r i d e  f rac t ion .  It is  n e c e s s a r y  only  to r e d e t e r m i n e  the e m p i r i c a l  c o r r e c t i o n  fac-  
t o r s  for  each g iven p a i r  of co lumns  and ve r i fy  t hem before  each s e r i e s  of d e t e r m i n a t i o n s .  

844 



We are  using the resu l t s  obtained for  a quanti tat ive de terminat ion  of the content of neut ra l  diet i ipids 
in the t r ig lyce r ide  f rac t ions ,  and in combinat ion with m a s s  s p e c t r o m e t r y  for the identification of natural  
diol l ipids.  

C O N C L U S I O N S  

1. The conditions of gas chromatograph ic  separa t ion  of d ipa lmi ta tes  and d i s t ea ra t e s  of C 2-C 4 diets ,  
t r ipa lmi t in ,  and t r i s t e a r i n  were  developed for  the de te rmina t ion  of neutra l  diol lipids in na tura l  t r ig lyce r ide  
f ract ions .  

2. Empi r i ca l  co r r ec t ion  fac tors  were  found for  evaluating the quanti tat ive content of neutra l  diol 
lipids in the t r ig lyce r ide  fract ions.  
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