
ABSTRACT 

1 H o r m e l  F e l l o w .  

Mass spectra of pyrrolidides of mono- 
unsaturated straight chain fatty acids are 
presented and discussed. The spectra of 
pyrrolidides contain mainly ions from the 
polar part of the molecule. This gives 
simple spectra from which double bond 
positions can be deduced directly. If an 
interval of 12 atomic mass units is ob- 
served between the most intense peaks of 
clusters of fragments containing n and n-1 
carbon atoms of the acid moiety,  the 
double bond occurs between carbons n 
and n+l  in the molecule This rule is valid 
for double bonds occurring at positions 
AS-A15 in an 18-carbon chain and has 

IOO 
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been applied to acids having 10-24 carbon 
atoms. 

I N T R O D U C T I O N  

The location of double bonds in fatty acids 
by mass spectrometry has been approached in 
many ways which have been summarized in 
reviews (1, 2). Under electron impact, double 
bonds have a tendency to migrate (3), so it has 
not been possible previously to locate the 
unsaturation directly without chemical modifi- 
cation at the double bond. Vetter, et al., (4) 
suggested a derivatization of fatty acids with 
pyrrolidine as a possible solution, because the 
amide group has a charge stabilization effect 
upon the fatty acid moiety. Recently Bohi- 
mann and Zdero (5) studied the mass spectra of 
piperidides to deduce the structure of naturally 
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FIG. l.  Mass spectra of methyl octadec-6-enoate and methyl octadec-11-enoate. 
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FIG. 2. Mass spectra of N-octadec-6-enoylpyrrolidine and N-octadec-11-enoylpyrrolidine. 
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occurring amides of conjugated unsaturated 
compounds. We report here a study of the low 
resolution mass spectra of pyrrolidine deriva- 
tives of a series of isomeric straight chain 
unsaturated fatty acids which confirms and 
implements the prediction of Vetter (4). 

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

Most of the methyl esters of the unsaturated 
fatty acids were supplied by the Lipids Prepara- 
tion Laboratory, The Hormel Institute, Austin, 
Minn., although a few of the octadecenoic acid 
isomers were obtained from the preparations of 
Gunstone and Ismail (6). 

The pyrrolidides were prepared in a quanti- 
tative yield on a microscale in the following 
way: 10 #1 fatty acid methyl ester was dissolved 
in 1 ml freshly distilled pyrrolidine (Aldrich 
Chemical Co., Mi/waukee, Wisc.) and 0.1 ml 
acetic acid. The mixture was heated to 100 C in 
a sealed tube for half an hr and cooled to room 
temperature. The conversion from methyl ester 
to amide is followed conveniently by gas liquid 
chromatography (GLC). The amide so formed 
is taken up in methylene chloride and washed 
with dilute hydrochloric acid and with water. 
After drying with magnesium sulfate, evapora- 
tion, and purity check by thin layer chromatog- 
raphy (TLC), the amide was ready for mass 

spectrometry (MS). 
The mass spectra were obtained on a Hitachi 

Perkin-Elmer RMU-6D single focusing instru- 
ment operating at an ionization potential of 70 
eV. The samples were introduced through an all 
glass heated inlet system at 175 C. The gas 
chromatograph was a Barber Coleman 5000 
instrument equipped with an all glass 1.80 m x 
2 mm column containing 3% OV-1 on Chromo- 
sorb W (HP), 80-100 mesh. Column tempera- 
ture was 230 C and the flow 30 ml 
argon/rain. The GLC-MS combination used 
GLC conditions the same as mentioned above. 
The pyrrolidine reaction mixture was injected 
directly onto the column and unreacted methyl 
ester separated readily from the pyrrolidine 
derivative (4). 

R E S U L T S  A N D  D I S C U S S I O N  

The mass spectra of the methyl ester and of 
the pyrrolidide of the same saturated Catty acid 
show similar cleavage patterns in the high mass 
region with peaks 14 atomic mass units apart 
derived from fragmentations at each bond (4). 
If the fatty acid is unsaturated, the spectrum of 
the methyl ester becomes more complicated, 
whereas the spectrum of the pyrrolidide re- 
mains simple. 

Mass spectra of the methyl esters of petro- 
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FIG. 3. Postulated fragmentations in N-octadec-9-enoylpyrrolidine and in its isomers in which the double 
bond has migrated after electron impact, shown above the partial spectrum obtained from N-octadec-9-enoyl- 
pyrrolidine. 

selinic acid (6-18:1) and vaccenic acid 
(11-18:1) (7) are very much the same (Fig. 1) 
and very similar to the spectra of other isomeric 
monounsaturated fatty acid methyl esters (8-11 
and B.A. Andersson and R.T. Holman unpub- 
lished results). 

If one compares the spectra of the pyrro- 
lidide derivatives of the two acids (Fig. 2), there 
are clear differences. The spectra of both 
isomers show very pronounced fragments con- 
taining the polar part of the molecule (12, 13). 
No other main fragmentations disturb this 
pattern. In the case of the 6-18:1 isomer, the 
molecular ion m/e 335 yields a series of ions 
m/e 320, 306, 292, 278, 264, 250, 236, 222, 
208, 194, 180, 166, 154, 140, 126, 113, and 
98. In the case of the 11-18:1 isomer, the series 
is m/e 320, 306, 292, 278, 264, 250, 236, 224, 
210, 196, 182, 168, 154, 140, 126, 113, and 
98, Considering 6-18:1 and only the most 
prominent ion of each cluster, the interval 

between the fragments containing 5- and 6-car- 
bon atoms from the fatty acid moiety (m/e 154 
and 166) is 12 atomic mass units. For the 
11-18:1 isomer, the same interval of 12 atomic 
mass units occurs between fragments which 
include carbons 10 and 11 of the fatty acid 
(role 224 and 236). From the mass spectra of 
all isomers of 18:1 from A s-A~ s, the following 
rule has been formulated: 1]" an interval o f  12 
atomic mass units, instead o f  the regular 14, is 
observed between the most intense peaks o f  
clusters o f  fragments containing n and n-1 
carbon atoms o f  the acid moiety, a double 
bond occurs between carbon n and n+l in the 
molecule. The 4-, 16- and 17-18:1 isomers have 
unique fragments that identify them. The char- 
acteristic ions are listed for each isomer in 
Table I. The mass spectra do not distinguish cis- 
from trans4somers, exemplified in the case of 
the 9-18:1 isomers. 

The simple cleavage pattern for the pyrro- 
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DOUBLE BONDS AND MASS SPECTRA 

TABLE II 

Metastable Peaks and Proposed Fragmentation 
Pathways of Pyrrolidides of 6-18:1 and 11-18:1 

189 

Petroselinic pyrrolidide 

Calculated Found 

Vaccenic pyrrolidide 
Fragmentation 

Calculated Found pathway 

305.7 305.8 305.7 305.8 335 ~ 320 
279.5 279.6 279.5 279.7 335 --~ 306 
254.5 254.6 254.5 254.6 335 --+ 292 
230.7 230.9 230.7 230.9 335 ~ 278 
208.1 208.2 208.1 208.3 335 --~ 264 
186.6 186.8 186.6 186.8 335 ~ 250 
166.3 166.5 166.3 166.4 335 --* 236 

149.8 150.0 335 --~ 224 
147.1 147.3 147.1 147.2 335 ~ 222 

131.6 131.8 335 --~ 210 
129.2 129.4 335 -+ 208 

114.7 114.7 335 --~ 196 
112.3 112.3 335 --~ 194 

98.9 99.0 335 --* 182 
96.7 96.9 335 ---~ 180 

84.3 84.5 335 ~ 168 
82.3 82.4 335 --~ 166 
47.4 47.5 47.4 47.6 335 "-~ 126 
38.1 38.2 38.1 38.2 335 ~ 113 

l idides can be exp l a ined  in the  fo l lowing way:  
Metas tab le  peaks  (Tab le  II) s t rongly  ind ica te  a 
direct  cleavage f r o m t h e  molecu la r  ion  to  each  
pr incipal  f r a g m e n t  in  a c luster ,  alt i nc lud ing  t he  
pyr ro l id ide  group.  However ,  no  me tas t ab le s  
were de t ec t ab le  for  s tepwise  degrada t ions .  The  
doub le  b o n d  seems to  move  before  the  frag- 
m e n t a t i o n  occurs ,  p re fe ren t i a l ly  towards  the  
polar  par t  of  t he  molecu le  by  one  or more  
s teps,  as is s h o w n  in Figure 3 for  o leoy lpyr ro -  
l idide.  However ,  a compe t i t i ve  f r a g m e n t a t i o n  
can occur  i f  t he  amine  g roup  is r e m o v e d  (m/e 
265)  and  ions  of  t y p e  R-C=O + are fo rmed .  This  
f r a g m e n t a t i o n  s h o u l d  be of  m i n o r  in f luence  
(12)  bu t  mus t  be  inves t iga ted  by  h igh  resolu-  
t ion  MS. 

If  pos i t iona l  i somers  were present  in the  
pyr ro l id ide ,  t h e i r  f r a g m e n t a t i o n  pa t t e rn s  wou ld  
c o n t r i b u t e  to  these  peaks  in the  s p e c t r u m  
wh ich  we i n t e r p r e t  to  be caused  by  isomeriza-  
t ion  u n d e r  e l ec t ron  impac t .  There fore ,  m e t h y l  
oc tadec -6 -enoa te  a n d  t he  pyr ro l id ide  der ived 
f r o m  it  were b o t h  o z o n i z e d  and  r e d u c e d  to  
a ldehydes  (14) .  GLC of  the  p r o d u c t s  revealed 
dodecana l  to  be the  on ly  s ignif icant  a ldehyde  
p r o d u c t  ar is ing f r o m  the  h y d r o c a r b o n  end  of  
the  molecule .  The  two  p repa ra t ions  h a d  the  
same p r o p o r t i o n s  of  m i n o r  p r o d u c t s  occur r ing  
in the  vic ini ty  of  possible  h o m o l o g o u s  alde- 
hydes ,  i nd i ca t i ng  t h a t  f o r m a t i o n  of  the  pyrro-  
l idide h a d  n o t  measu rab ly  i somer i zed  t he  acid 
moie ty .  This  conc lus ion  was c o n f i r m e d  by  the  
obse rva t ions  t h a t  pyr ro l id ides  syn thes i zed  via 
the  acid ch lor ide  or  via ca rbod i imide  coupl ing  

h a d  the  same mass spec t ra  as pyr ro l id ide  
syn thes i zed  as descr ibed  above .  Moreover ,  o t h e r  
t e r t i a ry  amides  of  the  same u n s a t u r a t e d  acid 
have t he  same f r a g m e n t a t i o n  p a t t e r n  as s h o w n  
here  for  pyr ro l id ides  (B.A.  Ander s son ,  W.H. 
H e i m e r m a n n ,  a n d  R.T. Holman ,  u n p u b l i s h e d  
data) .  Thus ,  t he  cond i t i ons  dur ing  the  fo rma-  
t ion  o f  the  pyr ro l id ide  do n o t  appea r  to  shi f t  
t he  doub le  b o n d  n o r  exp la in  the  ions which  we 
believe to  arise f r o m  i somer i za t ion  u n d e r  elec- 
t r o n  impac t .  

The  4-18 : 1 i somer  has i ts charac te r i s t i c  
series of  f r agmen t s  m/e 126, 139,  152. The  15- 
and  16-18:1 i somers  have a lmos t  ident ica l  
f r a g m e n t a t i o n  pa t t e rns ,  t he  on ly  d i f fe rence  
be ing  t h a t  in  t he  case o f  the  15-18:1 i somer ,  
the  f r agmen t ,  i nc lud ing  t he  c a r b o n  a t o m  in 
pos i t ion  14 (m/e 280) ,  is smal ler  t h a n  the  
f r agmen t  w i th  1 c a r b o n  less (m/e 266) ;  and,  for  
the  16-18:1 i somer ,  t he  in tens i t i es  of  the  
m e n t i o n e d  f r agmen t s  are in  reverse order .  The  
17-18:1 i somer  has i ts  series of  f r agmen t s  m/e 
294,  306,  a n d  320  w h i c h  dis t inguishes  i t  f r o m  
the  o t h e r  isomers .  

The  rules deve loped  o n  the  i somers  of  18:1 
are t rue  for  o t h e r  u n s a t u r a t e d  acids. The  
spect ra  o f  the  pyr ro l id ides  o f  4 -10 :1 ,  9 -14 :1 ,  
9 -16 :1 ,  l l - 2 0 r l ,  13-22 :1 ,  a n d  15-24:1 were all 
i n t e r p r e t a b l e  by  t he  same rules (Table  I). The  
base peak in  all spec t ra  of  the  pyr ro l id ides  is 
rn/e 113. I t  is f o r m e d  by  a McLaf fe r ty  rear-  
r a n g e m e n t  (Fig. 4)  w h i c h  was p roven  by  Duf- 
field and  Djerassi (12)  who used  d e u t e r i u m  
label ing  o f  very  shor t  cha in  f a t t y  acids. We have 
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pyrrolidide. 

B.A. ANDERSSON AND R.T. HOLMAN 

range o f  isomers  and  homologs  o f  m o n o e n o i c  
acids. In unpub l i shed  work f r o m  this  labora- 
tory,  these rules have been applicable to dienoic 
and t r ienoic  acids. Mass spect ra  of  pyrrol id ides  

,o f  acetylenic ,  cyc lopropane- ,  b ranched ,  deu- 
terated,  and o the r  fa t ty  acids are more  easily 
in t e rp re t ed  than  are spectra  o f  co r respond ing  
me thy l  esters,  because only  one  f r agmenta t ion  
pa t te rn  occurs.  Thus,  pyrro l id ides  may become  
a general analyt ical  too l ,  pe rmi t t ing  GLC-MS 
st ructural  analysis o f  a wide range of  s t ructures  
occurr ing in a single sample ,  minimizing puri-  
f icat ion steps and der ivat izat ion procedures .  

conf i rmed  this  r ea r rangement  by  s tudy  of  the 
spec t rum o f  the  pyrrol id ide  o f  4 ,4-d ideuter io  
oc tadecanoic  acid. A metas tab te  peak at m/e 
38.1 indicates  also the pa thway  335 + ~ 113 + + 
222. This peak moves  to  m/e 38.3 for  
9,12-18 : 2, indicat ing the rea r rangement  333 + -+ 
113 + + 220. The f r a g m e n t  m/e 70 has been  
shown to have the s t ruc ture  (12): 

H2 -- C H 2 ~ N  - H 

CH 2 -- CH2 ~ + 

and the m/e 98 f ragment  to be: 

CH 2 -- CH2/--,xN_C~O + 

CH 2 CH 2 

Other  major  peaks in the low mass region de- 
rived mainly f rom cleavage of  the pyrro l id ide  
ring have been  discussed by o the r  authors  
(12, 13). 

Pyrrol idides offer  several advantages for  the  
s t ructural  analysis o f  f a t ty  acids. The derivative 
is p repared  easily quant i ta t ively  in a one s tep 
react ion on less than  mg quanti t ies .  By deriva- 
t izing the  carboxyl  group,  the reac t ion  is 
equal ly quant i ta t ive  regardless of  the  n u m b e r  of  
double  bonds  or o the r  groups in the molecule .  
Solubil i ty p rob lems  set no  l imits  on the ex t en t  
o f  the  reac t ion  as is the  case wi th  oxidat ive 
derivat izat ion o f  po lyunsa tu ra t ed  acids. In our 
hand ,  p repara t ion  of  pyrrol id ides  of  po lyun-  
sa tura ted  acids having up to  four  double  bonds  
o f fe red  no difficulties.  The rules for  in te rpre t -  
ing mass spectra  of  pyrrol idides  apply  to  a wide 
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