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STUDIES IN CHEMICAL IONIZATION MASS SPECTROMETRY III’ 

CI-SPECI’RA OF OLEFINS 

H. BUDZLKIEWICI. and E. BUSKJIR 
htitut fir Organische Chemie der Universitit zu K6ln, Greinstrafbe 4. D-5000 K&t 41, Germany 

(Reccined in Germany 5 February 1979) 

ZBfVerschiedene Reaktandgase (CH,, I-C,H,e, NO, N,O, Amine, &her, (CH&Ji) 
wurden auf ihre Brauchbarkeit bei der Bestimmung der Lage von Doppelbindungen durch chemische 
Ionisations-Massenspektrometrie untersucht. Positive Resultate konnten mit i-C,H,,, NO und 
C&NH, erhalten werden. 

Ahats&-Various reactant gases (CH,, I-C,H,,, NO, N,O, amines, ethers, (CH&Si) have been 
tested for their usefulness in determining the position of double bonds by chemical ionization mass 
spectrometry. Positive results have been obtained with I-C,H,,, NO and CH,NH,. 

The molecular ions of linear alkenes generated by 
electron impact (El) show facile iaomerisation into 
a mixture of rapidly interconverting structures 
which is complete within 10e9sec after ionization 
for decomposing ions and extensive even for non- 
decomposing species after lo-’ set’. Hence, local- 
isation of the double bond from an enhanced abun- 
dance of ions formed by cleavage of an allylically 
activated bond is possible only if mass spectra are 
obtained from ions decomposing within - lo-” set 
after ionization. Such ions can be selected either by 
the field ionization kinetic’ (FIK) or possibly by the 
excess kinetic ener& (KE) method neither of 
which can be used with a commercial mass spec- 
trometer. The data available* on field ionization 
(FI) spectra are-in spite of statements to the 
contrary*--somewhat contradictory regarding the 
signi6cance of ions formed by allylic cleavage. 
Thus, with the exception of certain branched6 and 
cyclic olefins7 which give characteristic fragments in 
EI mass spectrometry the mass spectrometric inves- 
tigation of derivatives has to be resorted to.sa9 This 
procedure is disadvantageous especially since in 
natural products chemistry (e.g., pheromones’0) 
frequently sufficient material for chemical derivat- 
isation is not available. 

in species having little excess energy. Yet, if it is 
possible to add by an ion molecule reaction a 
cationic group to the olefinic bond the position of 
the latter will be 6xed and, in case the added group 
triggers fragmentation in a characteristic manner, 
the fragments formed are indicative of the location 
of the original double bond. The ideal reactant gas 
ought to have the following properties: 

-readily available in high purity (to avoid side 
reactions caused by admixtures) 

-not aggressive to the source or the vacuum 
system 

-yielding by itself only few types of ions of 
relatively low mass (high abundance of plasma ions 
can be detrimental to the SEV system and fre- 
quently the dynamic range of data systems is in- 
suflicient to record both abundant plasma and low 
intensity fragment ions. Those parts of the mass 
spectra which contain the former are, therefore, 
usually not recorded.t Hence, plasma ions should 
not interfere with mass regions where characteristic 
substance ions are to be expected). 

CI analysis of olf$ins 

-the recombination energy of the plasma ions 
should not exceed -9.5 eV (Since the Ip’s of n- 
alkenes are - 9.G9.5 eV higher recombination 
energies as, e.g., for Ar+ (158eV) result in an 
increasing portion of ionization by charge exchange 
(CE) which in turn produces ELtype spectra). 

General considerariom. EI data show that 
isomerisation of alkene molecular ions occurs even 

-ionization should not be effected by proton 
transfer (u. infra). 

‘The data reported* by Rana and by Levsen ditTer 
grossly for some compounds dis&sed. Competing field 
desorption (PD (cf Ref. 5) the relative imwrtance of 
which is highly dependent on cxperimentai p&meters as 
the state of the emitters, field strength etc.) which is 
accompanied by rearrangement reactions could be an 
explanation for- these discrepancies. In addition, one of 
the main problems of PI is the low abundance of fragment 
ions (few percent rel. int. for the most abundant species). 

-the product of an electrophilic attack by a 
plasma ion at the double bond ought to induce the 

t Quadrupole instruments allow to some extent omis- 
sion of single masses during the scan (cf. the absence of 
m/e 131, 145 and 161-cf Ref. 11-in Pig. 1). a proce- 
dure normally not possible with magnetic instruments 
where the scan has to be started above the mass of the 
highest abundant plasma ion-a series problem esp. if 
working with low molecular weight compounds. 
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pi. I. cI(Si(a& mass spctrum of octadecene-6 (Si(CII&&II& ions are marked bY a ‘). 

formation of characteristic fragment ions; compet- 
ing isomerisation reactions should occur with much 
lower rates. 
The following examples will illustrate these points. 

(CH,).Si has been suggested” as a suitable CI- 
reactant gas for its low IB (9.8 eV) and the elec- 
trophilic character of the plasma ion M%Si’ (m/c 
73), but deposits of decomposition products render 
the source insulators conducting within few 
minutes. In addition, plasma ions reach forbid- 
dinglYhighn== (up to m/e 161, WI%Si- 
Si(CH,),~).” The high abundance of w+73]+ in 
the mass spectrum (Fig. 1) of octadecene-6 as 
compared with long chain alkanesli demonstrates 
the attack of the r-system, but the series of Si 
containing ions a73+ 14.nj”) does not give any 
indication of the position of the double bond: R- 
CH’--CH(SiMe,)R’ apparently undergoes rear- 
rangement reactions as described for EI spectra. 

(cH,)sO (cf’*) and (CI-UO (reactant gases 
which are not aggressive to the source) yield quasi- 
molecular ions @4+ 453+ and m + 43]+, resp), but 
no characteristic fragments are observed for long- 
chain olefins. 

CHs&CI+CI-I, has been shown by* Jen- 
nings” to give via a 2+ 2 cycloaddition two 

isomeric cyclobutane derivatives as quasi-molecular 
ions. ‘Ilx-se may decompose by alternative ring 
opening yielding substituted vinyl ether ions from 
the mass of which the position of the original 
double bond can be deduced (m/c 212 correspond- 
ing to C1lH&I-I=CHocH; for octadecened in 
Fig. 2, further loss of CI&OH yields m/c 180).” 
Smce methyl vinyl ether undergoes ion molecule 
reactions within the reactant gas it has to be diluted 
by CO, or Ar which in turn act by themselves as 
ionizing agents by CE enhancing the EI character 
of the spectra. Thus in Fig. 2 the mass region below 
m/e 150 is crowded with hydrocarbon ions which 
do not allow to recognize any structure specific 
fragments (as the second cleavage product 
C&&H=CI-IOCI& m/e 128, in Fig. 2). 

R’-cHG-R2 + CH s-==m - 

Fig. 2. CI(CH,OCH~~ maas spectrum of octadaccne-6. 
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NO which will be discussed below in detail is 
corrosive to the hot cathode. Generation of NO’ 
from NzO is possible but again the high IP 
(12.9 eV) leads competitively to ionization by CE 
and to enhanced formation of unspecific hydrocar- 
bon ions (cf the relative abundance of the charac- 
teristic series [86+ 14n]’ in Figs 3 and 4). 

Cl with hydrocarbon reactant gasw 
The first systematic investigation by Field16 was 

concerned with the reactions induced by a CH, 
plasma (mainly W and GE;) which shows attack 
both at the double bond (yielding preferentially 
alkyl ions) and in the aliphatic portion of the 
molecule (yielding alkyl and alkenyl ions) (d 
Scheme 1). The various ionization reactions16’ 
(protonation of the double bond, hydride abstrac- 
tion from various loci in the chain, addition of 
GH:) are strongly exothermic, the surplus energy 
allowing ready hydride and alkyl migrations which 
render CH, a reactant gas unsuitable for our pur- 
poses (Fig. 5). 

i-&HI0 (- 90% of the plasma consists of Cs) 
differs from CH, insofar as due to its higher proton 
af6nity (807 for C.a as compared with 527 

. Fig 4 114 

100 

Id/mole for C) protonation reactions are only 
slightly exothermic. Hence formation of alkenyl 
ions which are formed1b18 primarily by a statistical 
attack of W at the various u-bonds is reduced (cf 
Figs 5 and 6). The conclusion that the acid strength 
of w is barely su&ient to protonate and subse- 
quently to cleave C,C u-bonds is corroborated by 
the fact that in the i-&HI0 spectrum of n-C&H, 
essentially no fragment ions are observed. An ex- 
ception are 1-alkenes where in CI (i-C,HIO) spectra 
alkenyl ions prevail. Whether the somewhat lower 
(- 8 U/mole) proton ailinity of the terminal double 
bond can account by itself for this drastical differ- 
ence (cf Figs 6 and 8) is a moot point. 

While-as expected-the relative abundances of 
alkenyl ions are independant from the position of 
the double bond (for large alkenes C,H& m/e 97 
always has the highest intensity) in the series of 
alkyd <C&.+,) ions those formed by a-cleavage 
accompanied by H-transfer (H+-addition to the 
double bond as depicted schematically in Scheme 
1) prevail as can be seen from Table 1. The smaller 
ionic fragment is always observed with higher in- 
tensity than its neighbors and thus clearly recognix- 
able, while the larger one is somewhat obscured 

Y-H 

4 l.l-.;[.,ll,I. . . I 
I,_,_: ,.,_; .,_,.( $ 

66 100 150 2ocI 250 

Fig. 4. CI(N0) mas3 spcctnm of octadecane-1. 
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Scheme 1. Formation of alkyl (specific and mupecific process) and alkenyl ions (unapcc& 7) 
from protonated alkenes. For additional processq rearrangement reactions etc, WC Ref~.‘~‘~ 

65 ib6 isa 

Fig. 5. CI(CH.J mass spectrmn of Z+cUeccne-6. 

1W 
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a Ldl 
66 160 

Fig. 6. CI(i-C,H,J mass spectrum of Zoctadtcene-6. 
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Fs 7. CI(i-C,H,J msss spectrum of E-octadecene-6. 

Fig. 8. CI(i-C,H& msss spectrum of octadecene-1. 

Table 1. Relative intensities of the f&H&+, ions in the CI(i-C,H,,J mass 
spectra of isomeric n+ctrulecenes. Ions formed by allylic cleavage are under- 

lined 

n 5 6 7 6 9 10 1, 12 13 14 15 16 17 n+s p1+43 u+57 

P m/e 71 65 99 113 127 141 155 169 163 197 211 225 239 253 295 309 

4 35 57 49 26 22 14 13 10 6 e 15 g 13 44 4 100 

5 32 46 E 65 27 19 15 14 12 20 z 14 6 26 5 63 

6 22 H) 55 W 60 25 19 19 27 2 21 9 639 4 loo 

7 16 10 16 27 g 30 24 23 11 13 6 9 645 7 loo 

6 22 13 20 23 46 78 55 J6 30 11 9 7 339 4 loo 

9 30 26 24 27 30 67 E 65 24 15 12 10 a 47 3 95 

when the double bond moves towards the center of 
the chain. 

Alkyl ions are not only formed by the specific 
process depicted in Scheme 1 (attack of C& at 
the double bond). Hence clear-cut mass shifts 
should not be expected from deuterium labelled 
analogs. Nevertheless, two things become evident 
from Table 2: The ions corresponding in mass to 
those formed by allylic cleavage (underlined in 
Table 2) show unexpectedly pronounced deficiency 
of the label as compared with losses from other posi- 
tions (cf [3,3-DJoctadecene-5 and [12, 12-D& 
hexadecene-5). Apparently no scrambling of all 
hydrogeIls occurs.* Some specific mechanism seems 
to be responsiile also for the formation of the alkyl 
ions formally arising from homoallylic cleavage 
with H-transfer as can be judged from the high 
degree of retention of the vinylic deuterium atoms 
in these ions. 

Correlations between the stereochemistry of a 

* Since alkyl ions apparently are formed in a competi- 
tive manner at least from w + HJ+ and from m + C&J+ 
(Scheme 1) reliable conclusions could only be reached 
after extensive labelling and measurements with C,D,, as 
reactant gas. One gets, however, an approximate fit be- 
tween calculated and observed values (which should be 
considered with all due caution) if one assumes for the 
smaller one of the alkyl ions under consideration (CsH;, 
for octadecene-6) that (cf the discumion of the spectra of 
Z and E-octadecene-6) about l/3 is formed (cj Refs 16 
and 17) via 

thus containing no lable, and about 2/3 via the specitic 
process (Scheme 1) after scrambling of the vinylic D with 
the H’s from C,G. One would then expect 29% d, and 
4% ds. Obviously for the non-speci5c portion of the 
larger alkyl ion (C,,H;, for octadecene-6) some other 
way of formation must be invoked and consequently one 
observes a ditferent degree of retention of the label 
(Table 2). 
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Table 2. Abundan~.~ of the d,- and d.+uAo@ of the q,,, 
OlCtillS. 

ions formed in the CI(i-C,H,d spectra of 

[12,12-D2] bxmlec~ne-5 14 12 10 6 jO0 10 6 23 16 35 29 26 51 16 06 x0 12 82 7 65 

compound and the relative abundance of quasi- 
molecular ions have been recognized occasionally 
in CT-spectra as, e.g., the enhanced portion of total 
ion current (TI) carried by [M + HI+ of stereoisom- 
ers for which conformers are possible where the 
proton can be stabilized by two or more non- 
bonding electron pairs of 0-substituents.19 For 
olefins a phenomenon not yet reported in literature 
is observed: Srerical hindrance seems to control the 
relative abundance of the quasi-molecular ions 
m-HI+ and ~+C&]‘. As can be seen from 
Table 3 and Figs 6 and 7 WH’J+ (together with 
FI + H]+) prevails for the E-, while the opposite is 
true for the Z-isomer. Here the u-system is 
shielded to a lesser degree allowing the C!& ion to 
approach more readily. On the other hand, K 
abstraction from the various CH2 groups (resulting 
in M-HI’] is hardly affected by the configuration 
of the double bond. 

The decrease in relative abundance of m+ 

Table 3. Ratios ~+C,H$~-IS)+ for Z- 
and E-olethu in their CI(i-C,HIcJ spectra 

z-i- x-i- 

oct~&csns-6 2.11 o.atdacau-6 0.62 

octaa~oens-7 1.46 outa&ow-7 0,69 

oo~csne-9 1.97 hmxadaomm-5 0.72 

hepta-4 1.95 
A 

C&r for the E-isomer goes hand in hand with a 
decrease of the portion of the ‘II made up from 
alkyl ions the intensity distribution of which now 
follows that of the alkenyl ions showing a maximum 
for C,. The preponderance of the ions formed by 
allylic cleavage cannot be recognized any more with 
certainty since alkyl ions arising from M’ and m+ 
H]’ (rather than from [M+CJ-LJ’) are formed in 
an unspecific way. 

CIwirItN0a.rrtxacmntga.r 
NO’ (the major component of the NO plasma) 

has a recombination energy of 8.3 eV too small for 
ionization of alkenes by Cl3 (fP - 9.0-9.5 eV); it is 
a mild hydride abstractor (hydride afhnity 1028 
W/mole) and a strong electrophile.17 The main 
quasi-molecular ions of ole8ns are, therefore, m- 
m and m+NOr. 

Hunt” observed for 1-alkenes a series of ions of 
the general composition (CHJ.NO’ with an inten- 
sity maximum which shifts from n=4 to n=6 with 
increasing chain length. He suggests that NO+ is 
added to the terminal CHz-group (hfarkovnikov 
orientation). The positive charge then migrates 
from C-2 by a series of 1,Zhydride shifts towards 
the center of the chain. Nucleophilic substitution by 
the terminal 0 results in cyclic ions (preferentially 
6- to 8-membered) which eliminate an alkene via a 
l&Lafferty rearrangement-formulated here for b2 
(n=4) (cf Fig 4 and Table 6): 

For alkenes with the double bond in other posi- shows that variation of the electron energy (80- 
tions Hunt only comments on the low abundance of 150 eV) and cathode emission (0.5-1.0 mA) had no 
fragments, a rather undesirable situation. Systema- major influence on the spectra in contrast to source 
tic investigation, however, of the various parame- temperature and reactant gas pressure (Table 4): at 
ters influencing the appearance of a CI spectrum high temperatures and low pressure ELtype spectra 
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Table 4. Tanpcratm and NO pressure dependence of the 
cI(N0) IJpecmm of ochKkccne-5. 

are obtained, where NO-containing fragments be- 
come negligible, while at 60°C and 30 Pa NO- 
containing fragments with up to 50% rel. int. are 
observed. The higher abundance of NO-containing 
fragment ions thus obtained by us allows also the 
analysis of CI(N0) spectra of alkenes with central 
double bonds. Fragmentation as depicted above 
should be possible here, too, but since the reaction 
enthalpies for the addition of NO’ to either ter- 
minus of the double bond are now rather similar 
one should expect two series of fragments provided 
the alkyl groups R’ and R2 are long enough to 
allow the rearrangement (b-series). 

1 
CW” 

R’-CH=4X-R2 - 

RXJ HN\+’ 

Accordingly, in the spectrum (Fig 9) of octa- 
decene-5 ions at m/e 142. 156.. .a~ found, 
and the maximum intensity (Table 5, column b,) 
lies with a 7-membered ring. That the fragment 
formation follows the mechanism suggested above 
for 1-alkenes with high specificity is evidenced by 
the mass shifts upon labelling (Table S), especially 
by the transfer of one D only in the spectrum of 
[12, 12-DJhexadecene-5 during the formation of 
m/e 171. This rearrangement is accompanied by a 
drastic isotope effect (0.4). Such isotope effects 
have been observedZO in cases where the mobility 
of the decomposing ion is reduced (especially cyclic 
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compounds) in a way that the shorter bond length 
of GD becomes important. 

a a’ b,’ b; 

102 156 

C bS 

In the spectrum of octadecene-5 (Fig. 9) the ions 
m/e 226 and 114 formally belong also to the series 
(CH&NO’ but they are formed-as shown by 
labelling-by a highly specific McLafferty rear- 
rangement: 

Finally, an ion (c) is observed which is formed by 
cleavage of the double bond and transfer of 2H 
(cH,+,NO’). Of the two possible ions only the 
smaller one seems to occur in the spectra (m/e 102 
in Fig. 9). As can be seen from Table 5, for 
5,bunsaturation both D’s from C-3 and one from 
the double bond are retained and no migration 
from C-12 does take place. Based on these incom- 
plete labelling data speculations as to the genesis of 
this ion seem to be unwarranted. Summarixing one 
can state that the NO-containing ions are formed 
without preceding H-scrambling in contrast to the 
hydrocarbon ions where partial mass shifts are ob- 
served after labelling at any position in the 
molecule. 

Y.aa 

15 

I 
Fa. 9. CI(N0) mam spectrum of octadeccne-5. 
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CI-spectra of olefins 

Table 6. Relative intemitiea of the main ions in the CI(N0) mass spectra of isomeric n-octenes. 

t) coincldss with W2+ 

For practical purposes the ions u and a’ (the sum 
of which amounts to M+ 2NO+ 28) and c will be 
the most important species, the b-series giving ax- 
roborating evidence only. Difliculties will arise with 
olefins with less than 10 C-atoms. Not only that the 
portion of the TI carried by the NO-containing 
fragments decreases with decreasing chain length 
(see octene-3 and -4, Table 6) these ions shift into 
the part of the spectrum occupied by more abun- 
dant hydrocarbon ions. In addition, certain frag- 
ments the formation of which requires a minimum 
chain length are missing. Thus, one would have to 
resort to rather minute differences to distinguish 
between octene-3 and octene-4 by CI(N0). 

Olefins with a trisubstituted double bond are not 
amenable to positional analysis by CI(N0): due to 
the lower ionization potential and to steric hinder- 
ance (uide infia E-olelins) M is increased relative 
to M+ NO’ and hence NO-containing fragments 
are essentially missing in the mass spectra. 

Since, fortunately, these compounds give charac- 
teristic EI spectra6 the two methods are com- 
plementary. Branching iu allylic or more remote 
position is of no influence (Table 5). Even in the 
spectrum of ergost-22-ene” the characteristic a 
fragments are clearly discernible. 

As observed for the CI(i-C,H,c) spectra the ratio 
of the intensities [M+ 3Oj+m- H]’ is strikingly 
different for E- and Z-isomers (see Table 7), the 
more hindered E-isomer rendering NO+ addition 
to the double bond less likely. 

Table 7. Ratioa w+NO’J+I[M-HI+ for Z- and 
E-olelim in their CI(N0) spectra. 

X-I._ x-imumr 

octsdecme-6 2.11 WtUhlOaS-6 0,57 

octadecena-7 1,43 oct&aosns-7 0.64 

octad~cem-9 1.38 hosadecana-5 0.88 

heptsdecans-4 2.49 
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CI spectra with amines as reactant gases 
The plasma ion? of CH3NH2, (CH&WI and 

@H&N are Fr + Hj+, Fr - H]+ and higher adducts 
as [2M+H]+. The high proton a5nity of the am- 
monium ions (882 and 911 Id/mole, resp., for 
CH$lH: and (CH,),~) renders them mild pro- 
tonizing agents for highly basic compound.?. Al- 
ternatively, addition of plasma ions has been ob- 
served in cases where formation of hydrogen 
bridges between the ammonium ion and the com- 
pound to be ionized is possible. Neither of these 
processes is to be expected with olefins. Neverthe- 
less, it was hoped that amine radical ions formed by 
primary ionization of the reactant gas (e.g., 
CH,NH~) might react with the u-electrons of an 
olefinic system. Quasi-molecular ions formed in this 
way would be isomeric with molecular ions of 
aliphatic amines formed by EI. Since amines give 
very characteristic mass spectra localisation of dou- 
ble bonds might be possible using CI(amine). 

In fact, it is possible to obtain CI(CHJWJ 
spectra of olefins, though the sensitivity is about 
one order of magnitude lower than for NO. Besides 
alkyl ions (possibly from competing EI ionization 
giving M+; the IP of CHJW2 (9.0 eV) is too low 
for CE) with increasing sample pressure a series of 
GH,+,N’ ions is observed from which two pairs 
are of enhanced abundance (see Fig. 10). Their 
formation can be explained readily as shown in 
Scheme 2: Addition of C!H,m which is possible 
in two ways followed by 1,3-hydrogen shift results 
in species which are identical with the W of 
aliphatic amines. Subsequent a-cleavage yields the 
four characteristic ions. 

The way of formation suggested for these ions is 
corroborated by the appropriate quantitative shifts 
in the spectrum of [5,6-DJoctadecene-5. For the . . . 
remammg ions of the sertes Cd&+, N‘ see the p-, 

. . . cleavages of lower abundance typical for 
Lphatic amine.?. There are, however, diRerent 
paths leading to these ions since in the labelled 
analog shifts by 2,0 and to a minor portion by 1 u 
are observed. 

Use of (CH,),NH leads to analogous results: the 
characteristic ions are shifted by 14~. (CH,),N 
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I 

Fig. 10. CI(CH.JGL& mass spectrum of octadeccna-5 (C,,H,_, ions marked by a o, GH,+,N ions 
by a a). 

H 
A 

(WA &+H HA& R&+H 
4 4 81 e, 

Scheme 2. Fragmentation of the [M+CH,NHJ+ ions formed from olefins in CI(CH,NHJ. 

Table 8. htass and rcl. intensity of the characteristic amine fragments in the CI(amine) spectra of 

cB3m2 
iOn8 

compoundm d’ d2 .’ a2 

m/m I m/a I m/e 1 m/e I 

OCtdKlslu-5 114 3,47 212 0,83 100 7.22 226 2,O 

[5,6-~~] OO~UIO~-~ 116 3.3 213 1.1 101 8.4 229 2r3 

oat&d--6 129 3,9 198 1,s 114 5.4 212 1,4 

octnImIu-7 142 3.5 184 2.1 128 4.3 199 1.8 

octadmc~-9 170 5.35 156 6.1 156 6.1 170 5,35 

l iaome1~-6 128 5.1 226 1.6 114 0.0 240 2.4 

(ci13) 2M( 

ion* 

d1 1 d2 1 .’ 1 e2 

m/s I m/e I r/e I m/s I 

128 8,7 226 1,0 114 16.0 240 I,2 

142 3,.5 212 1.3 128 6.4 226 019 

156 2,4 198 I,2 142 1,8 212 1,3 

194 5,0 170 5.7 170 5.7 194 5,o 

142 5,0 240 1,1 129 8.1 254 1,O 
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Table 9. Reactant gases used. 
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i-C4Elo 

No 

NzO 

c83m2 

ethylme oxide 

P-itY 

\ 

99,995 

99.5 

99 

99 

98 

99,5 

99,3 

99 

99.8 

99,s 

99.8 

shows too little sensitivity to be useful for practical 
;xr. The results obtained are compiled in 

CONCLUSIONS 
Localkation of olefinic double bonds in un- 

branched and-with some limitations-in branched 
olefins is generally possible. Since readily available 
and not aggressive to the instrument and especially 
to the filament i-CJ-IIo should be tried first. 
Analysis of the relative abundances of the C&ti+I 
ions shows enhanced intensity of those ions which 
are formed by cleavage of the allylic bonds. Only in 
case of ambiguities NO’ (detrimental to the iila- 
ment; does not add to tri- or tetra-substituted 
double bonds and gives no conclusive results for 
chains below -GJ or ~3IWKH3)2~ (less 

sensitive) should be used. Both, i-CJ-I,,, and NO 
spectra allow a differentiation between Z- and 
E-isomers. 

Abundant plasma ions can be a problem if a 
deflection of single iops is not possible and the scan 
thus can be started only beyond the plasma spec- 
trum. 

h4ass spectrometer: Finnigan 3200 with data system 
6110. Electron energy llO-15OeV. emission current 
1 mA, source temperature. 6O-8o”C. Samples were intro- 
duced via a gas chromatograph (20 m glaa capillary col- 
umn OVI, 0 0.35 mm), amount of sample 0.5-1.5 ~8, for 
CI(amine) 4-10 pg. Reactant gas pressure (Table 9) was 
chosen for maximal monomeric plasma ions relative to 
polymeric ones. 

Oletins as far as not available commercially were synth- 
esised by Wittig reactiox@ or by Iindlar hydrogenation 
of alkyner the synthesis of which has been descrii 
elsewhere’. Especially after prolonged hydrogenation 
substantial amounts of E-oletIns in addition to the ex- 
pected Zisomers were obtained. The miutmes could be 

0.08 

0,12 

0,09 

0.07 

0,07 

0,14 

0,25 

0,13 

separated by gas chromatography (wide supra). Pure E- 
octadecene-6 was prepared by reduction with Na in liquid 
amm~nia.~ Olefins deuterated at the double bond stem 
from Iindlar reduction using D, gas. 
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