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ABSTRACT 

A method was developed for the almost 
quantitative conversion of unsaturated 
esters (from nmnoenes to tetraenes) to 
cyclopropanes using diiodomethane and a 
highly active zinc-copper couple. These 
derivatives are sufficiently volatile for GLC 
analysis and c/s and t rans  isomers can be 
distinguished by this technique. Equivalent 
chain lengths of the cyelopropane deriva- 
tives were measured on polar and non- 
polar phases. The mass spectra of the 
monocyclopropane compounds are vol t  
similar to those of the parent unsaturated 
esters. Those of dicyclopropanes, however, 
are quite distinctive so that the original 
structure of the ester can be deduced. 
Polyeyclopropanes give complex spectra 
which are difficult to interpret in terms of 
the position of the original double bonds. 

INTRODUCTION 

I SOMERIC UN-SATURATED fattY acid esters, dif- 
fering in the position of the olefinic center, 

have identical mass spectra because of the 
mobility of double bonds under electron impact 
(1). One of the principal unsolved problems 
of mass spectromet~ W as applied to lipid 
chemistry, therefore, is to find some derivative 
of a double bond which has a unique mass 
spectrometric fragmentation pattern to allow 
the original structure of the ester to be deter- 
mined. Ideally, this derivative should be suf- 
ficiently volatile to be readily eluted from a 
GLC colunm, even when prepared from a 
polyene. The method of preparation should be 
simple and quantitative so that it can be ap- 
plied either to small amounts of purified esters 
or preferably to mixed methyl esters prepared 
from tissue lipids to allow a GLC mass spectro- 
meter combination to be used. Of the existing 
methods, deuterohydrazine reduction (2) can 
only be applied to pure monoenoic esters giving 
mass spectra which are difficult to interpret. 
Oxidation to an epoxide, followed by rearrange- 
ment to a pair of ketones (3), probably is 
not quantitative and gives a mixed product too 
polar for ordinary GLC analysis if more than 
one double bond is present in the original acid. 

The simplest nonpolar symmetrical compound 
which can be prepared from an olefin is a 

1 Presented  at  the Sympos ium on Spectrometry  Ap- 
plied to Lipids ,  AOCS Meeting, Cincinnat i ,  October, 1965, 

cyelopropane, so it was decided to investigate 
methods of preparing such derivatives in the 
hope that they might have distinctive mass 
spectra. The reaction of an olefin with di- 
iodomethane and a zinc-copper couple has 
become a general method for the synthesis of 
stereochemically pure cyclopropanes since it 
was first described by Simmons and Smith (4). 
The reaction is a bimolecular process involving 
the formation of a stable organozinc inter- 
mediate which then transfers a methylene group 
to a double bond (5,6). 

2 CH2I~ ~- 2Zn  ~ ( I  CHe)e Zn �9 ZnI2 

2 --CH----CIt-- @ ( I  CHe)2 Zn - ZnIe > 

CH2 
/ \ 

2 - -CH -- C H - -  -~- 2 Z n I  u 

The yields, however, were not particularly 
good until LeGoff (7) described the prepara- 
tion of a much more active zinc-copper couple. 
A slight modification of LeGoff's method en- 
abled us to achieve quantitative conversion of 
monoenoic through tetraenoie unsaturated esters 
to cyclopropanes. A series of cyclopropane 
esters were prepared and their gas chroma- 
tographic and mass spectrometric properties 
investigated. 

A method of synthesizing cyclopropane acids 
in high yield is also desirable because these 
have now been found as major components in 
the lipids of a number of bacterial species (8). 
They also occur as minor components of certain 
seed oils (9,10) along with cyelopropene acids. 
The metabolism of cyclopropane acids in the 
rat  has recently been discussed (11). 

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

Materials 

Diiodomethane (Fisher Scientific Co.) was 
redistilled and stored over copper metal before 
use. Zinc dust was Mallinckrodt analytical 
reagent grade and cupric acetate monohydrate 
was Fisher's reagent grade. Most of the methyl 
esters of the unsaturated fatty acids were 
supplied by The Hormel Institute, though the 
methyl linoleate isomers were prepared syn- 
thetically as part  of another project. 

Preparation of  the Zinc-Copper Couple 

To vigorously stirred nearly-boiling glacial 
acetic acid (10 ml) in a 25 ml 2-necked flask 
was added zinc dust (2.0 g). After 1 rain, 
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cupric acetate monohydrate (0.4 g) in hot 
glacial acetic acid (10 ml) was added and the 
mixture stirred approximately 1 rain until the 
blue color disappeared. The hot supernatant 
liquid was decanted and the couple washed 
thoroughly with glacial acetic acid (5 • 20 ml) 
and then with anhydrous ether (5 X 20 ml). 
Fresh couple was always prepared immediately 
before use and no attempt was made to store it. 

Preparation of the Cyclopropane Derivatives 

The general procedure for the preparation 
of the cyclopropanes was as follows, taking the 
eyclopropane derivative of methyl linoleate as 
an example. A condenser and dropping funnel 
were fitted to the flask containing the zinc- 
copper couple in anhydrous ether (10 ml). To 
this was added a solution of diiodomethane 
(4 ml and methyl linoleate (0.2 g) in ether 
(5 ml) at such a rate that the solution was 
kept at reflux by the heat of reaction. When the 
addition was complete, the solution was refluxed 
overnight under nitrogen. At the end of this 
time, the ether solution was decanted from the 
unchanged couple and washed 3 times with cold 
hydrochloric acid (1N) and 3 times with water 
before drying over sodium sulfate. The ether 
was removed and the excess diiodolnethane 
distilled off at 100C at 0.5 mm Hg. To remove 
polar by-products, the crude material was 
ehromatographcd on a column of florisil (20 
em • 1 cm) and the required eyclopropane 
ester eluted with 100 ml of a petroleum ether: 
ether nfixture (70:30). Traces of unchanged 
unsaturated esters were removed by preparative 
TLC on silica gel plates (0.5 mm thick) im- 
pregnated with silver nitrate (12) with petro- 
leum ether:ether (90:10) as the solvent sys- 
tem. The other eyclopropane esters were 
prepared in a similar manner, the amounts of 
tim various reagents being adjusted according 
to the number of double bonds in the ester and 
the quantity of ester available. GLC analysis 
showed that 95-100% reaction occurred in all 
cases and overall yields of 70-80% were 
obtained. 

Gas Chromatography 

Gas chromatographic separations were made 
on an 8 ft X 1A in. glass column packed with 
20% ethylene glycol succinate (EGS) and 2% 
phosphoric acid on Gas-Chrom P (80-100 
mesh) in a gas chromatograph with a fl- 
ionization detector, at a temperature of 180C 
and argon flow rate of 70 ml/min. A Beckman 
GC-2A instrument with flame ionization de- 
tector was also used with a 6 f t  • ~ in. 

aluminum column packed with 20% Apiezon 
L (Ap L) on Gas-Chrom P (80-100 mesh) at 
a temperature of 220C and helium flow rate of 
50 ml/min. Relative retention times were re- 
corded as equivalent chain lengths (ECL) (13). 

Mass Spectrometry 

The mass spectra were obtained on a Hitachi 
Perkin-Elmer R~/[U-6D single focusing instru- 
ment. A liquid injection system was used with. 
a suboven heating the sample to 160C to pro- 
duce the vapor. Spectra were produced at a 
standard ionization potential of 80eu and then 
at the lowest voltage which gave a countable 
spectrum, usually 6-12eV. 

Elemental Analyses 

Elemental analyses of some of the eyclo- 
propane derivatives, selected at random, were 
carried out and found to be satisfaetmT. Clark 
Mieroanalytieal Laboratories, Urbana, Illinois, 
performed the estimations. 

RESULTS AND DISCUSSION 

GLC of the Derivatives 

The cyclopropane derivatives of ali tile un- 
saturated esters, even those of the tri- and 
tetraenoie esters, were sufficiently volatile to be 
readily examined by GLC. The ECLs of each 
ester oil both polar and nonpolar colmnns 
(EGS and Ap L) were determined and are 
recorded in Table I. The average increment in 
ECL over that of the normal saturated ester 
is approximately +1.5  on EGS or +0.9 on 
Ap L per cis cyclopropane ring in the molecule. 
For a trans cyclopropane ring, it is approxi- 
mately +0.85 on EGS or +0.55 on Ap L. The 

T A B L E  I 

Cyclopropane  D e r i v a t i v e s  a n d  E q u i v a l e n t  Cha in  L e n g t h s  
On E G S  a n d  Apiezon L 

D e r i v a t i v e  o f :  E C L s :  E G S  A p L  

Me 10-undecenoate  13.70 11.20 
/Vie pa lmi to lea te  17.57 16.85 
Me oleate 19.46 18.77 
~Vle e la idate  18.80 18.52 
)/Ie pe t rose l ina te  19.56 18.93 
Me pe t rose la ida te  18.92 18.57 
Me vaccena t e  19.57 18.88 
~Ie l l - e i c o s e n o a t e  21.31 20.85 
]~e e ruca te  23.38 22.80 
Me n e r v o n a t e  25.54 24.86 
/'de l inoleate 21.07 19.60 
~r tra~s,trans-linoleate 19.90 18.95 
Me 4,7-octadecadienoate  20.90 19.68 
Me 5,8.octadecadienoate 20.83 19.56 
Me 10,13-oetadecadienoate  21.05 19.63 
]Yfe trans,tre~ns-9,11-octadecadienoate 20.02 18.12 
?de l inolenate  22.95 20.58 
Me a r a c h idona t e  25.68 23.01 
Me h y d n o c a r p a t e  20 .05  19.19 
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cyclopropane derivatives of related cis and 
trans fatty acid esters, e.g., methyl oleate and 
elaidate or methyl cis~cis-linoleate and trans, 
trans-linoleate, are readily separable on both 
polar and nonpolar GLC columns, so the reac- 
tion has potential as a method of estimating 
trans double bonds. The derivative from the 
single conjugated ester, methyl trans,trans-9,11- 
octadecadienoate has remarkably low ECL 
values, particularly on Ap L. 

Mass Spectrometry 

Nass spectra were recorded for each ester 
at both high and low ionization potentials. 
Larger aniounts of sample are necessal T for low 
voltage spectra, but these are often remarkably 
distinctive and emphasize the primatT or larger 
fragments and minimize secondary degrada- 
tions. For  some substances measurement of 
spectra at intermediate voltages facilitated 
counting and indicated the approximate ap- 
pearance potentials of certain unique peaks in 
the spectra. 

Monocyclopropanes 

The mass spectra of the cyclopropane deri- 
vatives of methyl oleate and elaidate have al- 
ready been described by Wood and lZeiser 
(11). They noted no differences in the spectra 
of the two isomers which, in turn, were veI T 
similar to those of the parent esters. Our 

findings are similar and our interpretation of 
the spectra differs only in minor details. In  
l~igure 1, the mass spectra of methyl oleate and 
its cyclopropane derivative at 80eV are 
compared. The only difference immediately 
apparent is that the molecular weight of the 
derivative is 14 more than that of the parent 
ester. The characteristic peaks described by 
Stenhagen et al. (1) for monounsaturated esters 
are found in both, i.e., at m/e ---- lV[-32 (loss of 
methanol from the ester function), m/e = M-74 
(loss of the ester g]'oup plus one carbon from 
the chain) and m/e ---- 3/[-116 (loss of the ester 
group plus four carbons from the chain). The 
hydrocarbon peaks at the low end of the spectra 
are also virtually indistinguishable. When the 
relative intensities of the ions corresponding to 
(C,,H . . . .  )5 (C-H~-) +, (C,,H . . . .  )5 (C.H . . . .  )% 
and (C,H . . . .  )+, in the spectra of both were 
plotted against number of carbons and com- 
pared, almost no difference was found. The 
low voltage spectra are equally similar. Peaks 
which might be expected by fragmentation on 
either side of the eyclopropane rings at m/e = 
113 and 197 or m/e = 153 and 157 are no more 
proniinent in the spectrum of the cyclopropane 
derivative than in that of the parent ester. 

The spectra of the other monocyclopropane 
esters are likewise similar to those of the parent 
monoenoie esters at both high and low ioniza- 
tion potentials. Also, geontetrical isomers can- 
not be distinguished. The only exception is the 

iO0 F.--- q - 
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<. 
d [D 

M-32 

CH3(CH2)TCH =CH (CH2)7C00 CH 3 
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M-74 
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/CH2 
CH3(CH2)7CH-CH (CH2)7COOCH 3 
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FIG. 1. Mass spectra of methyl oleate and its cyc]opropane derivative at 80eV. 
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low voltage (8eV) spectrum of the cyelopropane 
derivative of methyl erucate, in which m/e 
226 or M-100 is the base peak and is probably 
formed by the loss of a rearrangement ion 
including the ester group and three carbons 
from the chain. 

To explain the similarities between the spec- 
tra of the monocyclopropanes and those of the 
monoenoie esters from which they were derived, 
we postulate an immediate and complete cleav- 
age between the two carbon atoms in the 
cyclopropane ring which originally constituted 
the double bond. This gives, in effect, a mono- 
unsaturated ester, one carbon atom longer, i.e.: 

CtI2 --CtI = CI~ OH2- 
/ \ > or 

--CI~I -- Ctt-- --CI-I~ CI~I = CH2-- 

This then exhibits the mass spectral frag- 
mentation pattern expected of a nmnoene. 
Thus, the position of the eyclopropane ring 
cannot be deduced. 

Dicyclopropanes 

The mass spectra of the eyelopropane deri- 
vatives of the dienoie esters are much more 
distinctive, particularly those of the series con- 
raining the vinyl methylene rhythm. In Figure 
2, the spectra of the derivative from methyl 
trans,trans-linoleate at high (80eV) and low 
(6eV) ionization potentials are compared. This 

compound was chosen for illustrative purposes 
because it contains all the features of interest 
noted in the spectra of the other esters of this 
type. At 80eV, the base peak is at m/e  = 149, 
and this peak is the base peak for all these 
diene derivatives with the exception of the 
cyclopropane derived from methyl cis,cis- 
linoleate itself, in which it is insignificant. The 
most prominent peaks occur at m/e  ---- 224 
(especially at low voltages) and at m/e  ---- 192 
and ]38. The molecules, therefore, appear to 
cleave preferentially to give fragments with two 
carbon atoms attached to a cyclopropane ring. 
A completely analogous pattern is found with 
the other dicyclopropanes. In the high and low 
voltage spectra of the cyclopropane derivative 
of methyl 10,13-octadecadienoate, there are 
very distinctive peaks at m/e  = 238 and 124. 
In those of the 5,8 isomer, there are prominent 
peaks at m/e  ---- 168, 194 and 248; and in those 
of the 4,7-isomer, large peaks are found at 
m/e ---- 154 and 208. In each case, ions of the 
fornl : 

(I~--CH -- CH �9 CI-I = CI-I2)+ 
\ / 

CHe 

appear to be particulary stable though, 
of course, the ions may not remain in this form 
but may exist as conjugated or cyclic struc- 
tures. If,  in fact, the presence of a grouping 
of this kind does confer stability on an ion, 
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:PIG. 2. IV[ass spectra of the dicyelopropane derivative of methyl trans,trans-linoleate at 
80eV and at 6eV. 
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it might be postulated that the peak at m/e = 

149 is equivalent to: 

CHz CHe 
/ \ / \ 

+CIt2CH2CH - -  C H "  CH,2CH - -  O H .  C H = C H o  

though, possibly some rearrangement oc- 
curs2 Formation of this ion requires a double 
cleavage of the molecule, so it would be ex- 
pected at high rather rather than low ionization 
potentials. In  a study of the effect of variation 
of the ionizing voltage on this ion, it remained 
the base peak down to about 20eV when it 
began to decline sharply until  at about 10eV it 
virtually disappeared. 

The mass spectra of the eyclopropane deri- 
vative of the conjugated ester, methyl trans, 
trans-9,11-octadecadienoate, also has some un- 
usual features (Fig. 3). At a high voltage 
(80eV), little of interest is apparent at higher 
mass numbers though, at the other end of the 
spectrum, the peaks at m/e ----- 45, 59 and 73 
are much larger than usual. These are not 
particularly significant in the spectra of the 
parent ester or of any of the other dienes or 
their derivatives. They must contain at least 

2 E v i d e n c e  for  a s t rong  con juga t i ve  effect of cyclo- 
propyl  g r o u p s  wi th  ad j acen t  c a r b o n i u m  ion centers  or  
double bonds  h a s  recent ly  been obta ined by  nuc leur  
m a g n e t i c  r e sonance  spec t romet ry .  See Deno,  N. C., 
H .  G. Richey,  J r . ,  J .  S. L iu ,  D.  IT. L inco ln  and  
J .  O. T u r n e r ,  J .  Am.  Chem. Soc. 87, 4533 ( 1 9 6 5 ) ,  
and  P i t t m a n ,  C. ~ . ,  J r . ,  a n d  G. A. Olah, Ib id .  87, 
5123 ( 1 9 6 5 ) .  

one oxygen atom, but i t  is difficult to see how 
the presence of cyclopropane rings influences 
the disruption of the earboxyl end of the mole- 
cule. In  the low voltage speeh~m (6eV), the 
base peak is the parent ion, which may imply 
that tile two cyclopropane rings rearrange 
readily to give a conjugated diene, for in the 
low voltage spectrum of the ester from which 
this was derived, the parent ion is the only one 
found. }Iowever, a large peak occurs at m/e : 
266, corresponding again to cleavage giving two 
carbons attached to a cyclopropane ring. There 
are also peaks which could be attributed to 
cleavage at nearly eve~ T bond in the rings. 

Polycyclopropanes 

The mass spectra of the cyclopropane deri- 
vatives of polyunsaturated esters are much less 
predictable than the spectra of the dicyclopro- 
panes. This can be seen from Figure 4 where 
the mass spectra of the eyclopropane derivative 
of methyl araehidonate at high and low ioniza- 
tion potentials are compared. In  the high 
voltage spectrum, the only unusual feature is a 
prominent peak at m/e : 270 which probably 
results from some rearrangement after cleavage 
between the 4th and 5th carbons in the original 
chain. At low voltages, the base peak is at 
m/e = 266, corresponding to a break between 
the 3rd and 4th rings in a manner contrary to 
the theory that the most stable ions are those 
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I [ 2 6 6  
8 0  ~v 
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'~oo . . . .  i~o . . . .  25o' z.4o 35o m~e 

FIG. 3. Mass spectra of the dlcyelopropane derivative of methyl trans,trans-9,11-octadeca- 
dienoate at 80eV and 6eV. 
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Pro. 4. Mass spectra of the tetraeyclopropane derlva~ive of methyl arachldonate at 80eV 
and 8eV. 

with two carbon atoms attached to a cyclopro- 
pane ring. There is a large peak at m/e = 168, 
resulting from fragmentation in the second 
ring in the prescribed manner, though there are 
aIso peaks which could be interpreted as due to 
cleavage at almost any position in the rings or 
the chain. 

The spectra of the cyelopropane derivative 
of methyl linolenate are only slightly less com- 
plicated than those of the tetracyclopropane 
compound above. At 80eV, there are no prom- 
inent peaks of high mass number. In the low 
voltage spectrum (6cV), however, the base 
peak is at m/e = 224, corresponding to cleavage 
in the second ring in the expected manner; 
though the next largest peak, at m/e  = 136, 
must result from a break between the 1st and 
2nd rings contrary to expectations. In fact, 
there is a large number of other significant 
peaks which could occur by fragmentation at 
any of the bonds in or between the cycIopropane 
tings. 

~fass spectra of all the parent esters and the 
cyclopropane derivatives listed in Table I have 
been measured and are available upon request. 

CONCLUSION 

The reaction of unsaturated esters with di- 
iodomethane and the highly active zinc-copper 
couple, described above, provides a useful syn- 
thesis of cyelopropane esters in high yields. 
These derivatives are sufficiently volatile to be 
eluted from a GLC column under moderate 

conditions and cis- and trans isomers are easily 
distinguished. 

The method did not furnish a derivative 
which could be used to locate double bonds in 
all unsaturated esters by mass spectrometry. 
iV[onocyclopropanes have mass spectra very 
similar to those of the parent esters. Dicyclo- 
propanes from dienoic esters with a single 
methylene group between the double bonds have 
unique fragmentation patterns which allow the 
positions of the original double bonds to be 
determined. This may possibly be extended to 
conjugated dienes though if the double bonds 
were separated by more than one methylene 
group this might not hold. Potycyclopropanes 
give complex spectra which are difficult to in- 
terpret in terms of the position of the cyclopro- 
pane rings, though the reaction could at least 
be used to confirm the number of double bonds 
in the molecule. 

In the mass spectra of the di- and poly- 
cyclopropanes, there are a number of peaks 
for which the assistance of high resolution mass 
spectrometry will be necessary before the struc- 
tures of the ions which they represent can be 
discussed with any confidence. 
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