
D I O L  L I P I D S  

COMMUNICATION 27.* IDENTIFICATION OF C2-C4-DIOLS IN THE 

FORM OF CYCLIC ESTERS OF PHENYLBORIC ACID BY THE METHOD 

OF COMBINED GAS CHROMATOGRAPHY AND MASS SPECTROMETRY 

S. G. B a t r a k o v ,  A.  G.  P a n o s y a n ,  UDC 543.544.25+543.51:547.422:547.915.5 
A.  N.  U s h a k o v ,  B .  V. R o z y n o v ,  
a n d  L .  D. B e r g e l ' s o n  

Lipid der iva t ives  of lower  C2-C4-diols  are  r a t h e r  often p resen t  as minor components in neutral  
l ipids,  isolated f rom various natura l  sou rces  [2]. Recent ly  diol analogs of glycerol ipids  were  also de-  
tec ted in the phospholipid fract ions of the ra t  l iver  [3, 4] and in the phospholipids of microorgan isms  [1]. 

The f i r s t  step in the identification of diol lipids is the study of the polyol composition of a hydrolyzate  
or methanolyzate of one lipid fract ion or another.  According to the scheme of investigation posed ea r l i e r  
[5] polyols a re  separa ted  f rom lipophilic products  of hydrolys is  {or methanolysis)  by thin l aye r  ch romato -  t 
graphy (TLC) or by distr ibution between hexane and aqueous methanol. The mixture  of polyols purified in 
this way is analyzed by the method of gas chromatography (GC), or ,  which is more  effect ive,  by a com-  
bined method of GC and mass  s p e c t r o m e t r y  in the fo rm of acetyl  or t r imethyls i ly l  der iva t ives .  However,  
aceta tes  and t r imethy ls i ly l  e s t e r s  of lower diols cannot be considered sufficiently convenient der ivat ives  
for  GC and mass s p e c t r o m e t r i c  investigation. The peaks of the molecular  ions (M +) a re  absent in the mass 
spec t ra  of diol ace ta tes ,  while cer ta in  peaks of importance for  s t ruc tura l  analysis have low intensity, 
which hinders  the identification of C a- and C~-diols with various posit ions of the OH groups.  Mass spec t ro -  
me t r i c  analysis  of t r i m e t h y l s i l y l e s t e r s  aIso does not give re l iable  information in the case  of i somer ic  com-  
pounds. We should add that in the acetylat ion of diols;  as well as in the case  of si lylation, f requent ly  un- 
identified side products  a re  formed,  the peaks of which in GC a r e  somet imes  super imposed  upon the peaks 
of the diol der iva t ives .  Another shor tcoming of the indicated scheme of investigation is the substantial  
loss of lower diols during the evaporat ion and drying of their  solutions before  silylation or acetylation [5], 
as well as in the case  of concentra t ion of solutions of the der iva t ives  obtained. 

The recen t ly  proposed method of c h r o m a t o - m a s s - s p e c t r o m e t r i c  determinat ion of diols in the form 
of cycl ic  acetals  of hexadecanal  [6] has a number  of advantages in compar ison with the analysis  of acetates  
and t r ime thy l s i l y l e s t e r s ,  but a shor tcoming of it is its multistep nature .  

In this communicat ion we propose a new method of identification of small  quantities of C2-C4-diols ,  
based on combined GC-mass  s p e c t r o m e t r y  of the i r  phenylborate  e s t e r s  (PBE).~ The main advantage of 
the method is the poss ibility of obtaining the indicated e s t e r s  d i rec t ly  in an aqueous or  methanol solution of 
diols.  As our  investigations showed, when such solutions are  t rea ted  with phenylboric acid, followed by 
evaporat ion under vacuum, the re  is p rac t i ca l ly  no loss of the diols and the i r  PBE (see , ,Experimental 
Method" sect ion).  

*F o r  Communication 26, see [1]. 
SFor  information on the gas -chromatograph ic  and mass spec t rome t r i c  identification of higher 1,2-,  1,3-,  
and 1,4-diols ,  as well as hydroxyacids  and hydroxyketones in the fo rm of der ivat ives  of phenylborie acid, 
see ,  for  example ,  [7] and the studies ci ted in this a r t i c le .  
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Fig.  1. GC of phenylbora te  e s t e r s  
of C2-C4-d io l s  (for the condit ions,  
see  , Expe r imen t a l  Method '  section).  
The  dotted l ine r e p r e s e n t s  the peak  
of the ace ta te  of the phenylbora te  

e s t e r  of g lycer in .  

We invest igated the GC sepa ra t ion  of PBE of dihydric  alcohols  on a model mix tu re ,  compi led  f r o m  
the PBE of seven C2-Ca-d io l s  and g lycer in .  The PBE were  produced by t r e a t m e n t  of acetone (method l ,  
see  "Exper imen ta l  Method" sect ion) ,  methanol (method 2), or  aqueous (method 3) solutions of the alcohols  
with an excess  of phenylbor ic  acid.  In the se lec t ion  of the op t imum conditions of separa t ion  of the model 
mix tu re ,  polyethylene glycol succinate ,  rheoplex-400,  carbowax,  SE-30,  and SKTV were  used as the 
s t a t i ona ry  phases .  Be t te r  r e su l t s  were  obtained on columns with polysUoxanes  SE-30 and SKTV (Fig. 1). 
Under the conditions of GC that  we t es ted ,  the PBE of g lycer in  r e m a i n s  on the ch roma tog raph ic  column. 
The ace ty la ted  PBE of g lycer in  is more  volat i le ,  but it is elated a lmos t  s imul taneot ts ly  with the PBE of 
1 ,2-butanediol .  T h e r e f o r e ,  when the joint de te rmina t ion  of diols and g lyce r in  in polyol f rac t ions  of l ipid 
hydro lyza tes  is n e c e s s a r y ,  it is advisable  to p r e l i m i n a r i l y  r e m o v e  g lycer in  by p r e p a r a t i v e  t h in - l aye r  
ch roma tog raphy  [5]. 

The  PBE of C2-C4-d io l s  proved  to be e x t r e m e l y  convenient  de r iva t ives  for  m a s s  s p e c t r o m e t r i c  
identification. The in te rpre ta t ion  of the i r  mass  s p e c t r a  (Fig. 2a-g) is fac i l i ta ted  by the fac t  that  two i so -  
topic peaks ,  shifted by one m a s s  unit r e la t ive  to one another ,  co r r e spond  to the boron-conta in ing  f r a g -  
ments .  The intensi t ies  of these  peaks  a r e  in a 1 : 4 ra t io ,  which co r r e spond  to the r e l a t ive  dis tr ibut ion 
of the isotopes  of boron in na ture  (l~ : 11B = 1 : 4). E a r l i e r  [8], with the aid of h igh- reso lu t ion  mass  s p e c -  
t r o m e t r y ,  the s t ruc tu r e s  of the hydrocarbon  ions a r i s ing  in the decompos ition of M + of PBE of lower  diols 
were  es tabl ished.  Quite r ecen t ly  the s a m e  authors  cons idered  cer ta in  bas ic  d i rec t ions  of f ragmenta t ion  
of M + of PBE of most  of the C2-C4-d io l s  under e lec t ron  impact  [9]; however ,  no exper imen ta l  data were  
ci ted in this communicat ion.  

The  mass  s p e c t r a  of all  the PBE that  we studied contain intense peaks of M +, which p e r m i t s  a 
de te rmina t ion  of the s ize  of the hydrocarbon  chain of the diol. The posi t ions  of the oxygen functions in the 
molecules  of i somer ic  C 3- and C4-diols can be judged on the bas i s  of the following pecu l ia r i t i e s  of the 
f ragmenta t ion  of the M + of the i r  PBE.  In the s p e c t r a  of PBE of diols 3 :1 ,2 ;  4 :1 ,2 ;  4 :1 ,3 ;  and 
4 : 2,3 *; i .e. ,  of compounds containing al iphatic  subst i tuents  in the r ing,  one of the most  intense peaks  c o r -  
responds  to the ion A, f o r m e d  by the e l iminat ion of this subst i tuent  (R' or  R") 

(CHs)~ 
/ \ 

I t . ' /  o o+ 
o\B/o+ \ ~ / 

t (M% ! 
Ph P h  A 

*A code according  to which the f i r s t  num be r  denotes the number  of C a toms  in the carbon chain of the 
diol,  while the num ber s  a f t e r  the colon r e p r e s e n t  the posi t ions  of the OH groups  in the molecule ,  is used 
to denote the diols.  
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Fs 2. Mass spectra of phenylborate e s t e r s  ofdto ls  (D-(VI) and the acetate of 
/(CH2)n 

the phenylborate ester of glycerin (VII'I) R"HC "CHR': D R' = R" = H, 
i I 

o ~  B / 0  
I 

Ph (I) -(VIII) 
n=0; H) R' =Me, R" =H, n =0; III) R'=R" =H, n=l; IV) R'=EL, R"=H, 
n = 0 ;  V) R '  = M e ,  R"  = H ,  n = 1 ;  VI) R '  = R "  = H ,  n = 2 ;  VII) R '  = R "  = M e ,  
n = 0; VIID R '  = CH2OAc, R" = H, n = 0. 

Here and henceforth, PBE: 2:1,2 R' =R" =H, n =0; 3:1,2 R' =Me, R" =H, n =0; 3:1,3 R' =R" =H, n 
=I; 4:1,2 R' =Et, R" =H, n =0; 4:1,3 R' =Me, R" =H, n =i; 4:1,4R, =R" =H, n =2; 4:2,3 R' =R" 
= Me, n = 0. The peak of the ion A-[M-Me'] + (m/e 147) is a maximum in the spectrum of PBE 3 : 1,2, 
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while in the spec t rum of PBE 3 :1 ,3  this peak is not observed.  In the mass spec t rum of PBE 4 : I ,2 ,  the 
peak of the ion A - [ M - E t ' ] +  ( m / e  i47) also possesses  the g rea tes t  intensity; however ,  the peak at this value 
of m / e  is absent  in the spec t r a  of PBE 4 : 1,4; 4 : 2,3; and 4 : 1,3; in the spec t r a  of the las t  two PBE, the ion 
A cor responds  to the peak m / e  1 6 1 - [ M - M e ' ]  +. 

Another important  di rect ion of decomposit ion of M + of PBE of diols f rom the standpoint of identif ica- 
tion is the elimination of an aldehyde molecule,  which evidently proceeds  according to the following scheme:  

[ ~ " ~  ~ H - - R '  --R'CHO Ph--B=5--CH--(CH,)~; 

R" 
+ 0  .,,--..-. 0 

"<-8.1 B 
I (M +) 
Ph 

( C H 2 )n 

B' c 
I (M +) 
Ph 

This type of f ragmentat ion is cha r ac t e r i s t i c  of all the PBE that we studied. The mass spec t ra  of PBE 
possess ing  aliphatic substi tuents in the r ing,  moreove r ,  contain peaks of the ions [ M - R " - R ' C H O ]  + (or 
[ M - R ' " - R ' C H O ]  +) (D), the intensity of which is compara t ive ly  low. According to the p re sence  of the peak 
m / e  117, corresponding to the ion [ M - M e ' - M e C H O ]  +, in the mass spec t rum of PBE 4 : 2 , 3 ,  this com-  
potmd can easi ly  be dist inguished f rom PBE 4 : 1,3, in the spec t rum of which the indicated peak is absent,  
while the peak with m / e  131 cor responds  to the ion D ( [M-Me ' -CH20]+) .  

On the basis  of the values of m / e  of the ions cons idered  above (M + and A - D ) ,  we can draw an un- 
ambiguous conclusion on the s t ruc tu re  of the investigated PBE, and, consequently,  on the s t ruc tu re  of the 
initial diol. In addition to the peaks of these  f ragments ,  the mass spec t ra  of all the PBE contain intense 
peaks of ions with m / e  105, 104, 91, and 77. It was shown ea r l i e r  [8] that one of the direct ions  of decom-  
position of the molecular  ions of PBE 3 :1 ,2 ;  4 :1 ,3 ;  and 4 : 2 , 3  under e lec t ron  impact is the formation of 
the hydrocarbon ion CBH ~- ( m / e  105), while in the case of the PBE of the remaining C3-C4-diols  , this ion 
was not observed.  However ,  as can be seen f rom Fig. 2, in the mass spec t r a  of a lmos t  all the PBE of diols 
that we studied (with the exception of PBE 2 :1 ,2 ) ,  the peaks with m / e  105 possess  r a t h e r  high intensity.  
Moreover ,  the re la t ive  intensi ty of the indicated peaks in the spec t ra  of the three  enumera ted  PBE is 
s ignif icantly higher than that which might have been at t r ibuted to the ion CsH ~- (compare ,  for  example,  the 
intensit ies of the peaks with m / e  105 re la t ive  to the peaks with m / e  91 according to the data of [8] and 
Table 1). The peak of the metastable  ion ( m / e  75.5) p resen t  in the mass spec t rum of PBE 4 :4 ,1  indicates 
that the p r e c u r s o r o f t h e  f ragment  with m / e  105 is the ion B ( -C) ,  on the basis  of which we can assume the 
following pathway of format ion of the fo rmer :  

CH2 _ CH2 

~-~-B~P h 
(PBE 4 : 1,4) B(---C) E (m/e 105) 

Probably  the ions E a r i se  analogously in the decomposit ion of M + of the remaining PBE of C3-C4-.diols, 
and in the mass spec t r a  of PBE 3 : 1,2; 4 : 1,3; and 4 : 2,3, the peak of the f ragment  (E) coincides with the 
peak of the ion CsH~-. 

As it follows f rom [8, 9], thepeaks  with m / e  91 in the mass spec t r a  of PBE of diols cor respond  to 
the f ragment  CTH +, while the peaks with m / e  104 cor respond to the ions CsH ~ and PhB =O "+ (F). Judging 
by the intensit ies of the isotopic ions ( m / e  103) (see Fig. 2), the basic contribution to the peak with m / e  
104 is made by the ion F. The absence of the cor responding  isotopic peak ( m / e  76) indicates that the ion 
with m / e  77 does not contain boron and is more  l ikely  the phenyl ion C6H+. 

The data that we obtained in a s tudy of the mass spec t r a  of the PBE of C 2-C4-diols  a re  summar ized  
in Table 1, which ci tes  the values of m / e  and re la t ive  intensity of the basic ions formed in the decompo-  
sition of M + of the PBE,  as wei1 as the values of m / e  of metas table  ions, which p e r m i t  a judgment of the 
origin of cer ta in  cha rac t e r i s t i c  f ragments  of decomposit ion.  
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Under the action of phenybor ic  acid,  g lycer in  f o r m s  a 1 ,2 -de r iva t ive  [10], and thus the s t ruc tu re  2- 
p h e n y l - l - a e e t o x y m e t h y l - 1 , 3 , 2 - d i o x a b o r o l a n e  should co r r e spond  to the ace ta te  of the 1 ,2 -der iva t ive .  The 
m a s s  s p e c t r u m  of the ace ta te  of the PBE of g lycer in  (see Fig. 2h) contains a not iceable  peak  of M + ( m / e  
220). The  m a x i m u m  in the s p e c t r u m  is the peak  of the ion [M-AcOH] + ( m / e  160); the peak  of the f r a g -  
ment  A - [ M - ' C H 2 O A c ] +  ( m / e  147) a lso  p o s s e s s e s  substant ia l  intensity.  We should mention that  the ion 
with m / e  147 may  also  a r i s e  as a r e s u l t  of the s o - c a l l e d  h - c l eavage  [11], analogously to cyc l ic  ace ta ls  
of g lycer in  

C H ~ A c  

I ~B--Ph --, , nu CH,O q- AC 
CI-I~--O=B--Ph 

CHc-O+ (M +) + m/e i47 

The intensity of the peaks of ions of the type of B - [ M - A c O C H 2 C H O ] +  ( m / e  118) and of type D - [ M  
- ' C H 2 O A c - C H 2 0 ] +  ( m / e  117) in the m a s s  s p e c t r u m  of the ace ta te  of the IDBE of g lycer in  is low, while the 
peak  of [M-CH20]+  (C) is p r ac t i c a l l y  absent .  

E X P E R I M E N T A L  M E T H O D  

The PBE of diols w e r e  produced accord ing  to a modified method of [10]. 

Method i ( inacetone solution)_. A solution of 5-6 mg  of the diol (or mix tu re  of diols) in 0.8 ml abs.  
ace tone  was t r ea t ed  at 20 ~ with 10-15 mg phenylbor ic  acid.  The mix tu re  was mixed until homogenizat ion 
and lef t  at 20 ~ for  30 rain, a f t e r  which an aliquot of the mix tu re  was analyzed by gas ch romatography .  

Method 2 (in methanol  solution). A solution of 5-6 mg of the diol (or mixture  of diols) in 4 ~ MeOH 
was t r e a t ed  with 10-15 mg phenylbor ic  acid.  The mix ture  was heated until homogenizat ion (~40 ~ and lef t  
for  30 rain at 20 ~ MeOH was dis t i l led off under vacuum at a t e m p e r a t u r e  <40 ~ and the  res idue  was d i s -  
solved in acetone and analyzed by gas ch romatography .  

Method 3 (aqueous solution).  A solution of 5-6 mg of the diol (or mixture  of diols) in 4 ml of water  
was t r e a t ed  with 10-15 mg phenylbor ic  acid.  The mix ture  was heated to homogenizat ion (~60~ lef t  for  
30 rain at  20 ~ the wa te r  dis t i l led  off under vacuum at a t e m p e r a t u r e  < 40 ~ the res idue  d isso lved  in acetone 
and analyzed by gas ch romatography .  

Gas Chroma tog raphy  of PBE of Diols. GC was conducted on a Pye Ins t rument ,  equipped with a ~ -  
ionization de tec to r  and column {1300 • 4 ram) with 3% SE-30 on C h r o m o s o r b  W (60-80 mesh) .  The t e m -  
p e r a t u r e  of  the column was 110 ~ consumption of the c a r r i e r  gas {argon) 20 m l / m i n ,  voltage on the e l ec -  
t rodes  of the de tec tor  1250 V. 

Determina t ion  of L o s s e s  of PBE of Diols in the Case  of Product ion in Methanol and Aqueous Solu-  
t ions.  Solutions of the s ame  amounts  (2.0 rag) of ethylene glycol in acetone  (0.4 ml), MeOH (5 ml), and 
in wa te r  (5 ml) were  t r e a t ed  with 6 mg phenylbor ic  acid each; s amples  of the PBE were  p r e p a r e d  for  gas 
- l i qu id  ch roma to g raphy  by the methods desc r ibed  above (1, 2, and 3, r espec t ive ly ) .  An acetone solution 
of PBE 3 :1 ,3 ,  produced accord ing  to method 1, was introduced into the s a m p l e s  as an internal  s tandard  
and GC analys is  conducted.  The yield of PBE 2 : 1,2 in each of the th ree  expe r imen t s ,  which was es t ima ted  
accord ing  to the ra t io  of the peaks  of PBE 2 �9 1,2 and PBE 3 : 1,3 on the c h r o m a t o g r a m s ,  proved  to be p r a c -  
t i ca l ly  the s a m e  (differences  < 1%). Tbe l o s se s  of the r emain ing  PBE were  de te rmined  analogously,  and 
the s a m e  r e su l t s  were  obtained. In an ana lys i s  of the l o s s e s  of l~ 3 : 1 , 3 ,  PBE 2 . 1 , 2  was used as an 
internal  s tandard  in GC. 

Combined G C - M a s s  S p e c t r o m e t r y  of PBE of Diols.  The PBE of diols we re  analyzed by a combined 
method of G C - m a s s  s p e c t r o m e t r y  on an LKB-9000 ins t rument .  To s epa ra t e  the mix tu res  into components  
we used a column (2000 x 4 ram) with 3% SE-30 on C h r o m o s o r b  W (60-80 mesh) at  100 ~ 250 ~ (3 d e g / m i n ) ,  
c a r r i e r  gas hel ium (30 m l / m i n ) .  Ene rgy  of the excit ing e lec t rons  70 eV. T e m p e r a t u r e  of the ion sou rce  
270-290 o. 

C O N C L U S I O N S  

1. A new method was  p roposed  for the ana lys i s  of sma l l  quantit ies of C 2-C4-diOls , fo rmed  in the 
c leavage  of l ip ids ,  based  on combined g a s - c h r o m a t o g r a p h y  and m a s s  s p e e t r o g r a p h y  of the i r  phenylbora te  
e s t e r s .  
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2. Phenylborate e s t e r s  of diols can be obtained without appreciable losses in aqueous or methanol 
medium. The mass spectra of phenylborate esters permit an unambiguous identification of the investigated 
diols. 
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