
AN ABSTRACT OF THE THESIS OF 

ROY FRANK MATTHEWS      for the MASTER OF SCIENCE 
(Name) (Degree) 

in FOOD SCIENCE presented on     WMj ^ f /?7& 
(Major) W        /     (Date) 

Title:    THE AUTOXIDATION OF 2, 4-DECADIENAL 

Abstract approved: . .^    y^ ^y-^g^*"^ 

Dr.  Richard A.   Scanlan 

2, 4-Decadienal was autoxidized by subjecting a purified sample 

to an atmosphere of pure oxygen for 14 hours. A qualitative analysis 

of the autoxidative degradation products was made utilizing tandem 

gas chromatography and mass spectrometry. Additional information 

was obtained from the determination of the melting point of the DNP- 

hydrazone derivative and infrared absorbancy data. 

Positive identification was claimed when the mass spectrum of 

the unknown compound was matched with an authentic fragmentation 

pattern.    Concurrent relative retention time was confirmatory.    Pen- 

tane,   diethyl ether,   furan,   ethanal,   hexanal,   acrolein,   2-octenal, 

benzaldehyde,   glyoxal,   fumaraldehyde,   hexanoic acid,    2-octenoic acid, 

and 2, 4-decadienoic acid were all positively identified.    Six compounds 

tentatively identified are benzene,   ethanol,   butenal,    2-heptenal,   acetic 

acid and naphthodioxane. 

The first known mass  spectrum of  but-2-en-1, 4-dial is included. 



The Autoxidation of Z, 4-Decadienal 

by 

Roy Frank Matthews 

A THESIS 

submitted fo 

Oregon State University 

in partial fulfillment of 
the requirements for the 

degree of 

Master of Science 

June 1971 



APPROVED: 

Assistant Professor of Food Science 

in charge of major 

Head of Departmdn't of Food Science 

Dean of Graduate School 

Date thesis is presented £% /fy/) 

Typed by Nancy Kerley for Roy Frank Matthews 



ACKNOWLEDGMENT 

I would like to express my gratitude to those professors who so 

freely contributed their technical expertise during this study.     Dr„ 

R.   A.   Scanlan,  my major professor,   was instrumental in supervising 

this project,   securing financial assistance,   and aiding in so many 

other ways.    Dr.   L.   M.   Libbey assisted in obtaining and interpreting 

mass spectra; Dr.   N.   E.   Pawlowski aided in interpreting NMR and 

IR spectra; and Dr.   G.   J.   Gleicher contributed his time and talents 

by serving on the committee. 

Deep appreciation is extended to those who provided inspiration 

during my education.    The invaluable assistance from all other mem- 

bers of the Department of Food Science and Technology is gratefully 

recognized. 

Above all else I must acknowledge the patience,   dedication,   and 

encouragement of my wife Janice,   without whose willing assistance 

and perseverance this undertaking would not have been possible. 



TABLE OF CONTENTS 

page 

INTRODUCTION 1 

EXPERIMENTAL 4 

Purification of 2, 4-Decadienal 4 
Process of Autoxidation 6 
Gas-Liquid Chromatography Procedures 8 
Gas-Liquid Chromatography and Tandem Mass 

Spectrometry 9 
Relative Retention Times 11 
Infrared Spectroscopy 11 
2, 4-Dinitrophenylhydrazone Derivatives 12 
Detection of Acidic Components 13 

RESULTS AND DISCUSSION 14 

Identification of Components 14 
Speculation on Mechanisms 23 
Formation of the Acids 2 6 

SUMMARY AND CONCLUSIONS 28 

BIBLIOGRAPHY 29 



LIST OF TABLES 

Table Page 

1 Major infrared absorbancy bands of 2, 4-decadienal 
peaks. 7 

2 Correlation of identifications with the peaks of Figure 1.       16 

3 Mass spectra of fumaraldehyde. 20 

4 Partial characterization of peak number  17 on Figure 1.        24 

LIST OF FIGURES 

Figure Page 

1 A gas chromatogram of autoxidized 2, 4-decadienal. 15 



THE AUTOXIDATION OF 2, 4-DECADIENAL 

INTRODUCTION 

One of the more important mechanisms of food deterioration is 

lipid oxidation.    The carbonyls formed from lipid autoxidation are the 

principal source of off flavors.     Carbonyls generally have low flavor 

thresholds,   therefore comparatively minor reactions in which car- 

bonyls are produced can have a profound influence on the flavor of 

foods.    Many workers who have studied the autoxidation of lipids 

concede degradation of secondary products can take place,   however, 

little experimental evidence has been published to support this con- 

tention. 

Oxidative polymerization is a major reaction of conjugated un- 

saturated compounds.     Lillard (13) found an early stage of polymeri- 

zation was reached after the uptake of only one half mole of oxygen 

per mole of 2, 4-heptadienal.     There was also evidence of polymeri- 

zation when 2, 4-decadienal was autoxidized in this  study.     Particular- 

ly  noticeable was an increase in viscosity and a darkening of color. 

Reactions between molecular oxygen and unsaturated carbonyls 

yield degradation products as well as polymers.     Lillard and Day (14), 

working with 2, 4-heptadienal were able to identify ethanal,   propanal, 

butanal,   glyoxal,   cis but-2-en-1, 4-dial,   and malonaldehyde as pro- 

ducts of autoxidation.     They also found,   in trace amounts,   the 



5,   6,   and 7 a-ketoaldehydes.    Their identifications were based on 

thin layer chromatographic   R     values and ultraviolet absorbancies 

of the 2, 4-dinitrophenyl (DNP)-hydrazones. 

Sulzbacher,   Gaddis,   and Ellis  (21) found that 2, 4-decadienal 

autoxidized to give four new compounds when analyzed by gas liquid 

chromatography (GLC).    The preparation of the DNP-hydrazones 

showed hexanal and 2-octenal were formed,   probably due to oxygen 

addition at the four and two olefinic bonds followed by cleavage.    A 

dicarbonyl fraction was also found which contained at least two com- 

ponents that were not identified,   but were assumed to be maleic 

aldehyde and glyoxal based on the proposed mechanism of formation 

of the monocarbonyls. 

Kimoto and Gaddis (12) have recently shown that 2, 4- 

decadienal is formed primarily by selective scission between the 

ninth and eighth carbon atoms of the CQ hydroperoxide formed during 

the autoxidation of linoleate.    Sulzbacher,   Gaddis,   and Ellis  (21) 

showed that heating of the linoleate hydroperoxides increased by more 

than four and a half fold the amount of 2, 4-decadienal formed. 

In the present investigation 2, 4-decadienal,   which is a product 

of lipid autoxidation,   was autoxidized to determine the compounds 

formed from its autoxidative degradation.     These components were 

analyzed for two reasons.    The primary objective was to identify the 

reaction products which arise from autoxidation,   and secondly,   in so 
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doing to further elucidate the mechanism of autoxidative degradation. 

Analyses were made primarily using GLC and mass spectrometry 

(MS).     These techniques are useful in studying small amounts of com- 

pounds in complex mixtures.     Gas chromatography is capable of 

separating complex mixtures into pure components,   usually without 

structural alteration of the separated components.     The mass spec- 

trometer can furnish structural information via the characteristic 

fragmentation patterns of sub-microgram quantities.     Used together, 

these instruments provide a powerful tool for the purification and 

identification of trace quantities in a complex mixture. 



EXPERIMENTAL 

Purification of 2, 4-Decadienal 

Commercially available trans,  trans-Z, 4-decadienal was pro- 

cured as a 50% solution in ethanol.       The commercial preparation 

was further purified by vacuum distillation at less than 1 mm Hg„ 

Mineral oil,   which had been vacuum stripped at  180° C and 1 mm Hg 

for four hours,   was added as a diluent prior to vacuum distillation 

of the 2, 4-decadienal in an effort to diminish thermally catalyzed 

polymerization.    The distillation apparatus was  covered with alumi- 

num foil to inhibit degradation catalyzed by ambient light.     The puri- 

fied 2, 4-decadienal (distillation range 65-680C) was subsequently 

stored at roona temperature under a nitrogen atmosphere in a ground- 

glass stoppered flask which was wrapped with aluminum foil. 

Immediately after distillation,   the aldehyde was subjected to 

GLC to determine the purity.     The operating conditions were: 

Compagnie Parento Company,   Croton-on-Hudson,   New York, 



Column 

Instrument 

Injector temperature 

Detector temperature 

Oven temperature 

Carrier gas 

Flow rate 

15% Diethylene glycol succinate (DECS) 
on 60/80 mesh Gaschrom Q,    10' x 
1/8" OD stainless steel. 

Varian Aerograph model 1200 equipped 
with a hydrogen flame ionization de- 
tector and linear program module. 

130oC 

210oC 

Linearly programmed from 50 to 
180° C at a rate of 20C/min, 

Nitrogen 

25 ml/min at an oven temperature of 
1150C. 

The purity of the sample was determined by measuring the areas 

under the peaks using triangulation.     No correction factor for detec- 

tor response or weight to area ratio was used.     By this method,   it 

was determined that the sample was 95% pure.     The major impurity 

was estimated to be 5% of the total sample and had a retention time 

greater than Z, 4-decadienal„     Later analyses utilizing mass spectro- 

metry indicated the impurity had a molecular weight of 176.    Several 

analyses indicated that the impurity was always present in about 5-6% 

of the total sample before and after autoxidation. 

The geometric configuration of the purified 2, 4-decadienal was 

examined using infrared (IR) and nuclear magnetic resonance (NMR) 

spectrometry,   and capillary column GLC.     The percentage of cis 

bonds present in the first olefinic center of the purified 



2, 4-decadienal was estimated to be  18% based on analysis of NMR 

coupling  (19).    Analysis of the capillary column GLC trace suggested 

two isomers were present (15),  the first eluting peak comprising 

about 12% of the total.    Since authentic samples were not available 

to corroborate the particular isomers present,   a 12' x 1/8" OD 

stainless  steel column packed with 5% butanediol succinate and 0. 05% 

Igepal CO 880 on 80/100 mesh Chromosorb G was used to trap the 

first eluting component for further characterization.     The mass 

spectrum matched that of known 2, 4-decadienal.     The IR spectrum 

of this component was obtained,   and while cis absorbance bands are 

not as definitive and predictable as trans,   the patterns were sug- 

gestive of some cis isomerization (3,   4,   5).     The second,   larger 

peak had an IR spectrum suggestive of all trans olefinic bonds.    The 

major absorbancy bands of the two peaks are presented in Table 1. 

Process of Autoxidation 

The purified 2, 4-decadienal was flushed with oxygen to remove 

the nitrogen atmosphere and stored under an oxygen atmosphere for 

12 hours. During this time, storage was at room temperature and 

the glass flask containing the sample was wrapped with aluminum foil 

to preclude photochemical catalysis. Subsequently a two hour oxygen 

purge was accomplished by bubbling oxygen through a glass capillary 

tube submerged in the 2, 4-decadienal.     This purging was also at room 



Table  1. Major infrared ab sorbancy bands of 2, 4- -decadienal peaks. 

Wavenumbei 
-1 

• cm 
Band Assi gnments (3, Peak #1 Peak #2 5) 

3030 3003 Olefinic C-H stretch 

2924 2924 Methylene asymmetric stretch 

2857 2849 Methylene symmetric stretch 

2717 2717 Aldehydic hydrogen stretch 

1684 1684 Carbonyl C=0 stretch 

1634 1647 Olefinic C=C stretch (in phase) 

1597 1610 Olefinic C=C stretch (out of phase) 

1468 1471 Methylene scissors deformation 

1387 1387 C-CH    umbrella deformation 

1266   

1155 1170 C=C-C=C, C-C stretch 

1117 1122 

1008 1012 

989 990 Trans wag 

966          

858 857 

725 727 Methylene rock 

654   Cis wag 



temperature and ambient light was excluded.    A filter composed of 

Linde molecular sieve type 4A,   l/l6" pellets was placed in the oxygen 

line to reduce moisture contamination and remove solid impurities. 

After leaving the filter,   the oxygen was allowed to contact only stain- 

less steel or glass surfaces. 

The autoxidized 2, 4-decadienal was subjected to GLC analysis 

under the previously described conditions. It was noted that a num- 

ber of new peaks appeared and the percentage of 2, 4-decadienal had 

decreased to 77%. 

Gas-Liquid Chromatography Procedures 

Several GLC runs were conducted in an effort to establish the 

optimuin operating parameters.    Initially isothermal conditions were 

used,   but better separation was possible using a linear temperature 

program and consequently programming was used in later work. 

Several different liquid phases and percentages of liquid phases were 

tried before choosing a 15% DEGS coating.    A 20% 1, 2, 3-Tris(2- 

cyanoethoxy) propane (TCEP) liquid phase also gave good resolution. 

The DEGS column did not bleed as much when temperature program- 

med,   thus it was the column of choice. 

The GLC conditions used to separate the components in the 

autoxidized 2, 4-decadienal were; 



Instrument 

Column 

Injector temperature 

Detector temperature 

Oven temperature 

Carrier gas 

Flow rate 

Varian Aerograph model 204 with a 
linear program module and hydrogen 
flame ionization detector, 

14' x l/8" OD stainless steel column 
packed with 15% DEGS on 60/80 mesh 
Gaschrom Q„ 

130oC. 

2150C. 

Linear program from 50 to 225° C at a 
rate of 20C/min„ 

Nitrogen. 

25 ml/min at an oven temperature of 
1350C. 

Effluent splitter 9. 5 to 1,   atmosphere/detector. 

When it was necessary to trap a component that was separated 

by GLC,   a  12" x 1/16" OD glass tube was connected to the splitter 

with a Teflon sleeve.    The compound was condensed in the glass tube, 

sealed,   wrapped with aluminum foil,   and stored at -20° C if not 

analyzed immediately. 

Gas-Liquid Chromatography and Tandem Mass Spectrometry 

Rapid scan MS was used in conjunction with GLC to identify the 

components of autoxidized 2, 4-decadienal.    An Atlas CH 4 mass spec- 

trometer connected directly to an F & M model 810 GLC was used. 

The components of autoxidized 2, 4-decadienal were separated by 

GLC before entering the ionizing source of the MS. 
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The GLC was fitted with a 5 to 1  effluent splitter which allowed 

17% of the column effluent to go to the GLC detector.    Of the effluent 

going to the MS,   about 10% was admitted to the ion source through the 

EC-1 throttle valve and the remainder was vented to the atmosphere 

where an assessment of the odor of each peak could be made. 

Spectra were recorded whenever there was an indication of a 

peak on the GLC detection system.    An attempt was made to obtain 

spectra at the apex of the peak and at both the leading and trailing 

edges.     This was done in order to detect any incompletely resolved 

components and also to keep the spectral recording on scale for quan- 

titative fragmentation data.    At intervals during the run,   additional 

spectra were taken when there was no obvious peak in an effort to 
t 

determine column bleed and component "hangover" in the background. 

This allowed the background masses to be subtracted from the com- 

ponent spectra.    Operating conditions for GLC-MS were: 

GLC conditions As described for separation of autoxi- 
dized 2, 4-decadienal except an F & M 
model 810 was used and the carrier gas 
was helium at 25 ml/min at 115° C and 
the maximum oven temperature was 
limited to 200° C. 

MS conditions 
Filament current 54 (oA 
Electron energy 70 eV 
Acceleration voltage 3 kv , 
Analyzer pressure 1. 5 x 10       torr 
Multiplier 1. 6 kv 
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In some cases GLC resolution was incomplete,   but identification 

of components in the mixture was still possible when definitive mass 

spectral fragmentation patterns could be discerned.     Those compon- 

ents eluting earlier than hexanal were identified in a separate GL.C- 

MS run in which a 20 (ol sample,   rather than the normal 3 |JL1,   was in- 

jected.     Conditions were as previously described for GLC-MS runs 

except that the GLC oven was held isothermal at 40° C and the carrier 

gas flow rate was adjusted to 25 ml/min.     These conditions gave bet- 

ter resolution of the more volatile components.    Supporting data were 

also obtained in a preliminary run using a TCEP column to separate 

the components.    In this case,  however,   identification was claimed 

only if there was a typical fragmentation pattern found when using 

the  15% DEGS column as well. 

Relative Retention Times 

Relative retention times are based on the retention time of 

hexanal which had previously been identified in autoxidaized 2, 4- 

decadienal by Sulzbacher,   Gaddis,   and Ellis  (21).    Horvat et al.   (11) 

also reported that hexanal was the major volatile product of the autox- 

idation  of  2, 4 -decadienal. 

Infrared Spectroscopy 

Infrared spectra were obtained using a Beckman IR 5 to help 
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identify several components.    The samples used for IR were trapped 

from the GLC effluent as previously described.     The components that 

were liquid at room temperature were analyzed as a thin film on a 

NaCl plate.     The solid components were diluted about 1 to 20 with 

KBr and compressed into a micro-pellet for analysis and the absor- 

bencies were recorded utilizing a beam condenser, 

2, 4-Dinitrophenylhydrazone Derivatives 

The DNP-hydrazones of four components were made to aid in 

their characterization.    To form the derivatives,  the GLC effluent 

was bubbled into the DNP-hydrazine reagent as the peak of interest 

eluted.    The reagent was 0, 2% DNP-hydrazine dissolved in 2, 0 N 

aqueous HCl.    The reaction,   which was rapid,   was carried out in a 

centrifuge tube.    After centrifugation the supernatant was discarded 

and the precipitate was washed with three successive aliquots of 2, 0 

N HCl followed by three successive washes with distilled water.     Fol- 

lowing the final wash, the precipitate was dissolved in ethanol and 

crystallized. 

The purity of the derivatives was checked by thin layer chro- 

matography using Eastman 6060 chromatogram sheets coated with 

silica gel which contained a fluorescent indicator.     The chromato- 

grams were developed in an Eastman "sandwich"   chamber  using   a 

developing system of 5% (by volume) ethyl acetate in benzene.     The 
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DNP-hydrazones were yellow to red in color and the spots were 

readily visible. 

Melting points of the crystals were obtained using a Kofler 

micro hot stage.    An infrared spectrum of one derivative was taken 

as a 1% mixture in KBr which was compressed into a micro-pellet. 

Detection of Acidic Components 

An ethanolic solution of phenol sulphone naphthalein (phenol red) 

was used to identify acidic peaks in the GLC effluent.     The solution 

was made basic to the point where a very small amount of acid would 

cause a color change. 
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RESULTS AND DISCUSSION 

The chromatogram shown in Figure  1 is typical for autoxidized 

Z, 4-decadienal.    Table 2 correlates the peaks of the chromatogram 

with the identified components giving the methods of identification. 

Identification of Components 

Peak 1 was a mixture of pentane and diethyl ether.    The major 

portion was pentane and the shoulder on the trailing edge was ether. 

Identification of pentane was made by matching the mass spectral 

fragmentation pattern with that of one reported (20).     Confirmatory 

evidence was a matching relative retention time.     The ether portion 

was identified by conaparing the mass spectra with that of an authen- 

tic sample.    Ether was also found in a preliminary run using a TCEP 

column.    Since the syringe was cleaned with ether,   this component 

was probably a contaminant. 

Peak 2 was identified as acetaldehyde. Major evidence for this 

component came from the isothermal GLC-MS run. The relative re- 

tention time was confirmatory. 

Peak 3 was furan based on the mass  spectral pattern (20) and 

the relative retention time. 

Peak 4 was another mixture,   and the major component was 

identified as acrolein.     Furthermore,   a preliminary GLC-MS run 
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Figure 1.    A gas chromatogram of autoxLdized 2, 4-decadienal. 
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Table 2.   Correlation of identifications with the peaks of Figure 1. 

Peak 
Number 

Approximate 
Quantity (%) 

Retention 1 'ime 
GLC-MS 

Method of Identification 
Compound Autoxidation Authentic IR          DNP-Hydrazone M. P. 

Pentane 1 0.03 0.184 0.182 P 
Diethyl ether 1 trace 0.211 0.215 P 
Acetaldehyde 2 0.02 0.250 0.243 P 
Furan 3 0.02 0.288 0.294 P 
Acrolein 4 0. 10 0.382 0.382 P 
Benzene 4 trace   T 
Glyoxal 5 0.04 0.605 0.619 P 
Ethanol 6 trace 1.00 T 
Hexanal 6 10.58 1.00 1.00 P 108OC 
Butenal 7 0.22 1.95 1.00 T 
2-Heptenal 8 

0.23a 2.86 3.07 T 
Naphthodioxane 8 3.24   T 
2-Octenal 9 1.34 3.68 3.92 P 
Acetic acid 9 trace   4.25 T 0„b 

P                     380-396  C    d. Fum araldehyde 10 4.62 4.33   T 
Benzaldehyde 11 0.68 4.91 5.18 P 
Unknown 12 3.31 5.43   
2,4-Decadienal 13 4.53. 6.51   P P 
Hexanoic acid 13 trace   7.42 P 
2,4-Decadienal 14 60. 99. 7.70   P P                     1360C 
Unknown 15 0.90 7.89   
Unknown 16 0.09 7.98   
Unknown 17 6.58 8.10 1160C 
Unknown 18 0.75 9.50   
2-Octenoic acid 19 0.39 11.78 12.23 P 
Unknown 20 1.08 12.40   
2,4-Decadienoic acid 21 3.48 13.82   T P 

Total quantity of both components of peak 8. 
The DNP-hydrazone of fumaraldehyde decomposed.    The temperature given is that recorded on two thermocouples. 

O 
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with the TCEP column gave a fragmentation pattern which also com- 

pared closely with the one reported for acrolein (20),,     Relative re- 

tention times were confirmatory.     The trailing edge had a shoulder 

tentatively identified as benzene.    Identification was made using in- 

formation from the isothermal run.     This was the only time benzene 

was found. 

Glyoxal was identified as comprising peak 5.    Identification 

was based on matching mass spectra (20) and relative retention 

times.    Sulzbacher,   Gaddis,   and Ellis  (21) postulated that glyoxal 

was a product of 2, 4-decadienal autoxidation. 

Peak 6 was predominately hexanal; however,   ethyl alcohol was 

also identified as a minor component of this peak by matching the 

mass spectrum with that of authentic ethanol.    Ethanol and hexanal 

elute simultaneously under the GLC conditions used.     Major evidence 

for the presence of ethanol came from the isothermal run.     The 

ethanol is probably residual solvent not removed during the vacuum 

distillation.    Hexanal was identified by comparing the spectra of 

peak 6 with the mass  spectrum of an authentic sample.     Confirmatory 

evidence was provided by comparing the melting poing of the DNP- 

hydrazone with the melting point of the authentic hexanal derivative 

reported by Day (7). 

Peak 7 had a mass spectrum corresponding to that reported for 

crotonal (20).    The relative retention time of authentic crotonal was 
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much less than that of this peak,   and this disparate relative retention 

time indicates that peak 7 was very likely not crotonal.    This discre- 

pancy might be explained by noting that there are three other isomers 

of butenal which could give similar mass spectra,   but would very 

likely have different GLC retention times. 

The shape of peak 8 suggested that it was a mixture.     Mass 

spectra were weak,   but were suggestive of 2-heptenal„    The retention 

time for 2-heptenal was estimated from a semilog plot in which the 

logarithms of retention times were plotted as a function of the number 

of carbon atoms for a homologous series similar to the manner de- 

scribed by Gunstone (10).    Since no authentic 2-heptenal was available, 

this interpolated retention time was used to estimate the relative re- 

tention time for 2-heptenal which did not quite agree with that of 

peak 80     Spectra taken of the trailing edge of peak 8 suggested naph- 

thodioxane when conapared with published spectra (20).     No authentic 

sample of naphthodioxane was available to compare retention times. 

Peak 9 was identified as trans-2-octenal on the basis of mass 

spectra and relative retention time.    Sulzbacher,   Gaddis,   and Ellis 

(21) have also identified 2-octenal as a product of 2, 4-decadienal 

autoxidation.    Peak 9 was slightly acidic and caused a color change 

in ethanolic phenol red,   while an authentic sample of trans-2-octenal 

did not cause this change.    Acetic acid has a retention time which is 

slightly greater than that of trans-2-octenal;  therefore acetic acid 
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was tentatively identified even though there was no positive indication 

of this acid from the mass spectra. 

Peak 10 was identified as the trans isomer of but-2-en- 1, 4-dial 

or fumaraldehyde.    No authentic mass spectrum has been reported, 

and since this compound is not commercially available mass spectral 

comparisons were not feasible.    The mass spectrum was suggestive 

of 2-buten-l,4-dial so the (bis) DNP-hydrazone derivative of peak 10 

was prepared and studied.     The IR spectrum of the (bis) derivative 

matched a spectrum reported by Lillard (13) as the cis but-2-en-l3 

4-dial (bis) DNP-hydrazone.    The trans isomer was expected because 

the 2, 4-decadienal was predominately of the trans configuration,   so 

the decomposition point of the (bis) DNP-hydrazone was determined. 

The thermometer supplied with the Kofler micro hot stage apparatus 

■would not register high enough to measure the point of decomposition, 

so two thermocouples were attached to the heating plate.     When the 

derivative decomposed,   one thermocouple registered 380° C and the 

other 396° C.    The reported decomposition points for cis and trans 

but-2-en- 1, 4-dial (bis) DNP-hydrazone derivatives are 293° C and 

382° C respectively (7).     The component was thus identified as the 

trans isomer.    Based on these data,  the possibility exists that 

Lillard mis-identified the trans isomer as cis but-2-en- 1, 4-dial. 

The major ions in the mass spectra of fumaraldehyde are given in 

Table 3. 
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Table 3.     Mass spectra of fumaraldehyde. 

m/e Relative Intensity 

25 11 
26 42 
27 65 
28 (base peak) 100 
29 69 
32 50 
37 10 
39 13 
41 13 
44 27 
45 10 
46 36 
53 10 
55 48 
56 20 
83 4 
84 (molecular ion) 41 

Peak 11 was identified as benzaldehyde using mass spectra (21) 

and relative retention time. 

The shape of peak 12 and the mass spectra indicated a mixture 

of at least three compounds,   all of which eluded identification.     None 

of the various gas chromatographic columns utilized in this study 

were able to separate these compounds; consequently the mass spec- 

tra were of a mixture,   extremely complicated,   and identifications 

were not possible. 

The ethanolic phenol red indicator changed color during the 

elution of peaks  13 and 14.     The spectra of the leading edge and apex 

of peak 13 and peak 14 were identifiable as 2, 4-decadienal.    There 
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was definitive evidence of an acid on the trailing edge of peak 13, 

Hexanoic acid was suspected because it had previously been identified 

as a separate component with the TCEP column.    The odor of the 

peak was suggestive of hexanoic acid and the relative retention times 

matched closely enough to be confirmatory. 

Peaks  15 through 18 and number 20 were not identified.     Mass 

spectra of peaks 15 and 16 were badly contaminated with residual 

2, 4-decadienal and the spectrum of peak 18 was very weak.    There 

was nothing in the mass spectra of these peaks which was suggestive 

of any expected degradation product from 2, 4-decadienal.     Peak 20, 

while relatively large,   gave a very weak mass spectrum which was 

not definitive,   therefore the component of peak 20 escaped identifica- 

tion. 

Both peaks  19 and 21 were acidic to the ethanolic phenol red 

solution.     Peak 19 was identified as 2-octenoic acid by comparing 

its mass spectrum with that of a spectrum in the literature (20). 

Retention time data confirmed the identification.     Lillard and Day 

(14) found that 2-nonenal autoxidized to yield 2-nonenoic acid in an 

analogous system.    Since the molecular weight of peak 21 was  16 

greater than the starting aldehyde,   and the fragmentation pattern 

was similar,   peak 21 was suspected as being 2, 4-decadienoic acid. 

However,   no mass spectrum of the known was available for compari- 

son.     The IR spectrum indicated that it was an unsaturated carboxylic 
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acid that contained at least four consecutive methylene units. Identi- 

fication based on these data was 2, 4-decadienoic acid. 

Peak number 17 represented an impurity present before autoxi- 

dation,   so considerable effort was spent trying to characterize it. 

This particular impurity could not be removed using any of the tech- 

niques of this study.     Samples of 2, 4-decadienal were trapped,   and 

the trap removed several minutes before this compound was expected, 

but even then,   when the trapped material was rechromatographed,   the 

impurity peak would comprise about 6% of the sample.    Since autoxi- 

dation should have been excluded under these conditions,   it was de- 

cided to determine if there would be a change in yield due to theautox- 

idation  procedure used.     A sample of about two microliters of 2,4- 

decadienal was trapped and autoxidized under an oxygen flow for ap- 

proximately two hours and then rechromatographed.    The yield of the 

unknown was still about 6%,   even though the other characteristic 

autoxidation peaks began to appear and the 2, 4-decadienal peak de- 

creased.     For this reason,   it was decided that the component was not 

greatly affected by the autoxidation process,   and possibly it was a 

result of thermal polymerization. 

Mass and infrared spectra indicated an unsaturated aldehyde. 

The mass spectrum indicated the molecular weight to be  17 6,   and that 

it does not readily dehydrate,   possibly because the unsaturation is 

conjugated with the aldehydic function.     The mass spectrum suggested 



23 

the possibility of aromaticity.    The IR spectrum suggested it had 

more methyl groups relative to methylene groups than 2, 4-decadienal, 

and that an ether-like bond is present.     The IR spectrum did not sup- 

port the contention of aromaticity suggested by the mass spectrum. 

An attempt was made to determine the empirical formula based 

on the molecular ion region isotopes.    This method is described by 

Silverstein and Bassler  (19).     The attempt was unsuccessful,   very 

likely due to a contribution to the (P+1) peak from a bimolecular addi- 

tion of hydrogen to the parent ion.     This is a common occurrence 

with molecules containing a hetero atom (19),   and the presence of a 

weak parent ion,   necessitating a high ion source pressure to discern 

the parent,   enhances the probability of such an ion-molecule reaction 

from the law of mass action.    See Table 4 for a partial characteriza- 

tion of this compound. 

Speculation on Mechanisms 

It is generally accepted that the initial steps of the autoxidation 

mechanism differ between conjugated and nonconjugated systems  (1, 

11,   17).     The mechanism followed during the autoxidation of conju- 

gated unsaturated molecules is still not known despite the considera- 

ble effort spent trying to elucidate the pathway.     Previous workers 

have postulated oxygen could add directly across the double bond (1, 

2,   16,   17) or at an active allylic methylene group (8,   9).    A major 
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Table 4.     Partial characterization of peak number  17 on Figure 1, 

Structural Property- Evidence 

Contains a carbonyl Intense IR band at  1690 cm 

Carbonyl is aldehydic not 
ketonic 

Carbonyl is in conjugation 
with olefinic bonds 

Contains methyl group 

Aromaticity 

Ether or acetal 

Aldehydic hydrogen band at 28 68 to 
2730 cm      and no asymmetric CTC-C 

stretch at 1230 to  1100 cm"    indicative 
of a ketone.     (P-l) peak in mass spectra 
is 45% of molecular ion. 

Strong band at  1648 cm      and medium 
intense band at  1610 cm 

1 
Olefinic 

and trans C-H C-H stretch at 3025 cm   
wag at 990 cm"   .     Mass spectra evi- 
dence for loss of either water or HCO 
absent.    Also m/e of 44 not the base 
peak so no beta bond cleavage and re- 
arrangement typical of aliphatic alde- 
hydes. 

Pronounced IR band at 2964 cm 
1 

No IR bands indicative of aromatic C-H 
stretch at 3100 to 3000 cm"1 that are not 
explainable by olefinic stretch.    No 
1500 ,-1 cm   * deformation band and no out 
of plane bending at 700 cm"   .     There are 
large m/e peaks at 77 and 91 which are 
typical of aromatic compounds. 

Asymmetric C-O-C stretch absorbs at 
1140 to  1085 cm'r   .     There is a strong 
wide band at  1120 cm"   ,   also a band at 
1340 cm"    is indicative of O-CH-O group 
in acetals. 
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source of frustration is the numerous and varied compounds produced 

because of the nonselectivity of autoxidation.     Molecular oxygen could 

attack at any of the several sites available in the original molecule or 

alternatively on one of the unsaturated products already formed.     This 

attack is in turn affected by the experimental conditions,   each in its 

own way,   and a minor difference in conditions could alter the composi- 

tion of the resultant products. 

When there is more than one functional group in a molecule, 

generally the characteristic properties of each is apparent in the re- 

activity of the compound.    Additionally,   interactions of the functional 

groups allow the molecule to take on special characteristics.     Conju- 

gated unsaturated carbonyls are no exception.     Two reactions ex- 

pected of conjugated unsaturated aldehydes are olefinic oxidation and 

the oxidation of the carbonyl to a carboxylic acid. 

Autoxidation of an olefin is a free radical chain reaction which 

is well documented in organic literature.    Allylic hydrogen abstrac- 

tion is the key propagating step of the reaction (8).    The primary rea- 

son for attack at the allylic hydrogen instead of at the double bond is 

the stabilizing effect of the resonance interaction between the odd 

electron and the double bond.     Electronegative hetero atoms can de- 

crease electron availability which deactivates the neighboring C-H 

bonds toward attack,   even though the resulting radical would be stabi- 

lized by delocalization (22).     Royals  (18) indicates that the initiating 



26 

free radical is produced by reaction of a molecule of oxygen at the 

double bond of an alkene molecule. 

CH  -CH=CH-    +   O       --    -CH  -CH-CH- 
2 2 2    ' 

O-O 

If the electron polarizing tendancy of the carbonyl were more impor- 

tant than the radical resonance effect,   possibly oxygen would attack 

predominately at the double bonds during the autoxidation of 2, 4- 

decadienal. 

If allylic hydrogen abstraction were the key step of this reac- 

tion,   pentanal would be the major product of dissociation.    Since hex- 

anal and not pentanal was the primary oxidation product,   it can be 

inferred oxygen attacks the olefinic centers.    Autoxidative cleavage 

between carbon atoms two and three would yield 2-octenal and 

glyoxal while attack between carbons four and five would produce 

hexanal and fumaraldehyde.    All four of these compounds were identi- 

fied. 

Formation of the Acids 

The oxidation of aldehydes to carboxylic acids is one of the 

more common oxidation reactions in organic chemistry.    Aldehydes 

are oxidized to carboxylic acids by atmospheric oxygen,   but the actual 

product is the peracid which reacts with a second molecule of alde- 

hyde in a disproportionation to give two molecules of acid.     Cooper 
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and Melville (6) proposed the first step in the autoxidation of 

n-decanal was the reaction with molecular oxygen to form the free 

radicals. 

R-CHO + C>     —   R-O   + HO- 2 6        z 

These radicals then combine to form the peracid RTC-OOH,   which is 
O 

a potent oxidizing agent.    Also they felt a new acyl radical could ab- 

stract the -OH from the peracid forming a carboxylic acid and a 

carboxylate ion. 

R_C-0-0-H   +   R'-C-    —   R-C-O      +   R'-C-OH n 
O 
ii II ii jj o o o 

The unsaturated aldehydes would form an acyl radical which would be 

stabilized by mesomeric effects. 
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SUMMARY AND CONCLUSIONS 

2, 4-Decadienal was autoxidized and the products of autoxidation 

were  separated and identified using combined GLC-MS techniques. 

Thirteen positive identifications were:    pentane,   diethyl ether,   ethanal, 

furan,   acrolein,   glyoxal,   hexanal,   2-octenal,   furmaraldehyde,   benzal- 

dehyde,   hexanoic acid,   2-octenoic acid,   and 2, 4-decadienoic acid. 

Six tentatively identified compounds were:    benzene,   ethanol,   butenal, 

2-heptenal,   naphthodioxane,   and acetic acid.    At least six compounds 

were not identified. 

From the identified compounds,   it is fair to conclude that the 

mechanism includes autoxidative cleavage;   however,   other mechanisms 

are probably in action simultaneously.    It is evident that many flavor- 

ful components can be derived from 2, 4-decadienal through autoxida- 

tive degradation. 

Finally,   the mass spectra of 2-buten-l, 4-dial is recorded. 
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