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REVIEW
Reactions of‘ﬂzone with/ﬁ%saturated,Féttyyﬁ;ids

Gaku Izumi

(1-chome, Hirate-machi
Government Industrial Research Institute, Nagoya ( Kita-ku, Nagoya

INTRODUCTION

During the last few years there have been extensive studies regarding
the formation of‘mono— and di-carboxylic acids, aldehydes, amines, and
omega~amino acids from unsaturated fatty acids and the identification of
the structures of unsaturated fatty acids using ozenolysis tecﬁhiques.
. This extensive study has been médé possible through the development of
ozonizers both of an efficient industrial size and of a c0nvenient
laboratory sizé for research purposes. The first paper about the feactions
of ozone with organic compounds was published by Sch¥nbein in 18552).
In 1873 HouzeauB) succeeded in separating an ozonide which was obtained
by the reaction of ozone with benzene. During 1901-1916, Harriestds 5)

studied systematically the mechanism of the decomposition reaction of

ozonides and established the fundamentals for future study in the fields

6)

Standinger®/ proposed a new theory for the mechanism of the ozonolysis in

1925, After the successive studies by'Rieche7) in 1931, by F.G. Fishere)
in 1932, by Pummer9) in 1937 and by Briner et. alolo) in 1938 on the

mechanism of the reaction, Criegee et‘algl)

proposed a new hypothesis for
the mechanism., The many studies by workers in the early days before the
presentation of.the Criegeeis hypothesis regarding the reaction of ozone
with general érganic compounds have been reviewed by'Longll) in 1940 and

by Baileylz)

in 1958, In this paper, the réaction mechanism of ozonolysis
and the recent studies of ozonolysis of unsaturated fatty acids are
reviswed chr0n010gically..

2+ Reaction Mechanism of Ozonolysis

In 1910, {arrie513) proposed the following mechanism; ozone (IT)

reacts with the ethylene bond (I) and produces an addition oroduct. (II).
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However, Fisher?) in 1932 and Pumer®) in 1937 could not confirm the
formatlon of glycol which was expected ags a reduction product of the
ozonide using a nuMber of different mild reduction methods. In 1925,
Staudingeré) proposed that in ozonization an ozonide monomer (IV)
inétéad of .(III) will be produced and thén be transferred to a stable
iso-ozonide (V) bﬁ'fearrangement, or a high mdlecﬁlar weight compound

(VI) will be produced by polymerization,
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With this theory, it was explained that glycol was not obtainable
as a reduction product but aldehyde, ketone or corresponding alcohoX *
would be 6b£ained instead. This theory prediPted that fhe‘polarity of .
the solvent would greatly influence the reaétion,KTFdr example, there °
was less possibility for ozonide to associateiin_acetic acid because of
its high polarity and only ozonide monomer WO;ldfﬁehobﬁained. On the
other hand, p_olymer would be obtainéd‘ih‘éé:bbn £e£;%chloride, because
the associéﬁioﬁ takes place easily in this nbn—pbléf solvent., Hé'also
explained tﬁat there'waé a possibilityjfor an ozonide monomer to decombése

,immediately.to give ketone peroxide, ketone, or the corresponding acid. -
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The decomposition mechanisms of (III) suggested by HarrieslB) in 1310
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are as follows: _+H10 RCHo + R/CH O +H, 0,
H

%R’ —%f{ RCHD +R’H é

—0 —0
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The following are the mechanisms suggested by Rieche!) in 1931,

which are based on his many experimental resulis. RO+ He

/OO H H H _ /Do Ll
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FisherB) proposed a new method of ozonolysis with a contact hydro~
genation method in 1932. In this reaction, acid was formed by Macid
rearrangement!, and the "acid rearrangement'! should be acceleraﬁéd at

higher temperatures. The reactions suggested are as follows,’

R~ C ~ 00y R'z_ + Hz. —> R, C=0 +4 D“—'CR;. *Hl-b B

H ]' H
Kc/°°\c R ——> RCeOH 4 RCHO
~N 0“7
Criegee et. all) p:-Oposed the reactions of ozone with an unsaturated

compound (I ) in dlfferent solvent.s as follows:
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(1) will react with ozone and p*-oduce carbonyl compound(IV') and

V)

amphoteric 1ork via intermediate products (II') and (III') and;
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1) (IV') will react with (V') and give an ozonide mononer (Vit),

2) (V) will be rearranged to acid (VII').

3) (V') will react with Ho0 which is used as a solvent and give
-an oxyhydro peroxide (VIII').

‘3 L) (V) will react with CH30H and give methyl hydro peroxide (IX!')

5) (V1) will give a polymer (X!') in a neutral solvents

Milas et. al.lh) proposed a different idea in 1955 as followsa
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Amphoteric 1ons (Vi) and (VII“) are in equilibrium with (I"). -

If there is no reagent to participate with the reaction, . (VI ) or (VII ) will

decompose to give ketone or aldehyde and amphoteric ions (VIII" and IX").:
The resulting (VIII") and (IX") will change to alkylidine peroxides

(x" end x1' ), which are very exp1051ve. When the ozonlzatlon is carried .
out in the presence of a carbonium ion, (I"), (X") and (XI') are not B
produced, and peroxide (XII and XTIT' ) w1ll be produced 1nstead.

Examples are as follows:

(uh)a?o DH

\ : HOH .
VI' 4+ (cHs),C” ———~»,-_m,,f$ 5 o |
OH og(QHﬁ§
(‘.
V¥ n (tHs), C° —'-—> /° A C,\ *‘,Hu
Xm ©

' 3. Oxidation reaction of Ozbne’and‘fate
; of Ogzonization

As mentioned in section 2 above, ozone has a preference for the
ethylene bond in the reaction with an unsaturated compound., However,

ozone in the ozonized oxygen (a mixture of ozone and oxygen)_has an

effect as an oxydation catalyst on a saturated hydrocarbon bond;5)°.
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This catalytic effect is stronger in lower concentration of ozone,

16),17)

From the observation of infrared spectra and from the study of

hydrogenoiysis products of ozonides, the author assumed that ozonides
formed in glacial acetic acid from oleic acid and methyl oleate consisted
of acetoxyhydrg/peroxides which were obtained by the reaction of acetic
acid with the amphoteric ions as suggested by Criegee et. al.l) and of
hydroperoxide which was a product obtained by self~oxidation., Under normal
conditions, a carboxyl groupAreacts with ozone only a littlezo), but under
the exposure of ultra-violet light peygqey;q;agidgwill be oBtained from
acetic acid?l),

Harries22) and Brﬁs et a1.23) studied the:féte of ozonatioﬁ. ‘Noller
et. a1.2h) studied the relationship between the molecular structures of
unsaturatedycompounds and the rate of ozonation using the Brus! method:

0,05 mL of sémple was dissolvedain 125 ml of glacial acetic acid, ozonized
air céntaiﬁing about 5 wt % of ozone was passed into the solution at a

rate of 1a25./mih. and the amount of uhabsorﬁéd ozone was measured every
five minutes and finally the amount of ozine ﬁhich reacted was calculgted. »
From many results, he founa that for“methyl oleate, bleig_acid and elaidic
acid, ozone was absorbed st01ch10metr cally. When there is a double bond .
congugated with a carbonyl group such as 1n crotonlc acid CH3CH=CHuOOH, /Pehhﬁ/

d CeHsCH=
e o el O (R80 amc00m, the rate of absorption of ozone was

slowed down markedly. The retarding effect of the carbohyl‘grbup'is;‘
however, not so noticeable when the carbonyl group is noﬁ.éohﬁﬁgéted'With
a double bond and is separated by O,-such as in vinyl aéetaté'CH2¥CHOCOCH3;
The retarding efféct_is more noticeable in itaconic acid, ﬁhich‘has’ﬁwo"*
carbonyl groups; one is conjugated with the”double.bOnss and the other is.
note When there are three conjugatééﬁdouble bonds ‘such as eledstearic écid;
the tirst mble of ozone will be absorbed rapidly and theﬁ the ‘rate of -
absorption slows down. In the case of sorbic acid CH3 CH=CHCH=CHCOOH

which has the double bonds alpha and beta to the carbonyl, the rate of
ozone absorption aftef thé first mole is absorbed, is slower than for

that of_elqustearic acid, In the case of cis- and trans-isomers, there

is no marked dlfference between oleie acid and elaidic acid in the rate
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of absorption of ozone. However, when there is a carbonyl group conjugated
with a double bond, the rate of ozone absorption is rmch faster in the

transform such as in mesaconic acid

HOOC~(=CHj

H-8_codn and methyl fumarate

H,C00C~G=H
H~C~COOCH3 than in the cis-form

such as in citraconic acid, maleic acid and methyl maleate, The retarding
effect was greater when two conjugated carbonyl groups were present than when

only one was presente.

i« By-products by'Ozonolysis

In most cases, carbonyl compounds snd acids will be produced by
ozonolysis, However, Ackman et. a1.25) obtained octanol and octyl formate
when the ozinide obtained from oleic acid in methanol was decomposed by

adding formic acid and hydrogen peroxide, They assumed that the reaction

would be shown in the following form as suggested by Pasero et._al.%9),

~0
C“-C CH Chw — C,-0-00-Cxnh +CO + He
No-07

Thus the monooctyl azelate produced is expected to hydrolysé'or
transesterify to give both octanol and octyl formate in the presence of

fomic acid and water.s

Be Ozon01y31s of Oleic Acmd Famlly ‘
In 1906, Harries et. 21.26) treated lég of ozonlde obtalned in glaclal:.
“acetic acid with water on a water bath for 30 mln. and deGOmposed to glve
2.8g of pelargon aldehyde, 5.0g of pelargonlc acld 3 Sg of mixture of .
azelaic acids and l.2g ok distillation residue;. 15.5g as totals 1In 1910,
Franck27) treated 12g of ozonide with a double amoﬁﬁtwﬁf.glacia;‘acétic.
acid for 30 min on a water bath and obtained 3.ig of azelaic acid
(including peroxide), 2.5g of azelaic acid half aldehyde, 2.9g of pelargonic

acid and 1.8g of pelargon aldehyde (including peroxide); 10.6g as total,
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In 1926, Noller et al°28) treated oleic acid, undecylenic acid and the
methyl ester of erucic acid with ozone in glacial acetic acid to form
their ozonides, then ethyl ether, zinc powder and water were added and the
ozonide was decomposed by heating. With this treatment, pe largon
aldehyde, eta-aldehyde octanoic acid, theta-aldehyde nonanoic acid and
methyl ester of lambda-aldehyde dodecanoic acid were obtained with more
than 55% of the theoretical recovery. In 1932, Fisher et. al.s) succeeded
in obtaining aldehydes with a SO—?O% recovery from oleic acid ozonide in
methanol by contact redvction using a palladlum—calclum carbonate catalyst
under high pressure. In 1935, Obata29) obtalned 0% of pelargonaldehyde
and 33% of azelaic acid half aldehyde from oleic acid ozonide obtained in
chloroform, by decomposition with heating in the presence of‘ethyl
acetate, acetic acid (not glacial) and zlnc towder under a current of
carbon dioxide. In 19h2, Rieche et., 31.30)'decomposed oleic acid ozonide N
w1th iron and acetic acid and obtalned oxynonyl—perox1dc and dloxynonyl-
peroxide dwcarbonlc a01d. In 1956 the authorls) studled the reactlon of |
ozone with methjl oleate and OlFlC a01d in glaclal acetlc acld and the
decomposlulon reaction of the reaction products. In 1960 Pryde et. al.31)
studied the effect of solvents when ozone reacts with methyl oleate and:
the rednction decomposition of the ozonide in the presence of acetic
acid-zinc.pondervor palladium-active carbon-hydrogen. ' In this study
they found tﬁat in polar solvents sﬁch‘asﬁmethanol'or acetic acid carbonyl -
compounds were obtained with an 87% recovery (before separation, it was
90~92% by the - hydroxylamlne method) whereas 12 polar solvents such as
ethyl acetate or heptane, the recovery was very poor and the products
included large amounts of 1mpur1tles. In 1961, Ackman et.. 31,25) obtained
azelaic a01d,w1th more than 95% of recoverv from an ozonlde obta:ned in
methanol from oleic acid by oxidation d ecomposition in the presence of

hydrogen peroxide in foritic aclde
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In 1962, Pryde et. a1.32) found that a large amount of dimethylester

of azelaic acid was obtained es a side product when a partially ozonized
compound which was obtained from methyl oleate in methanol was reduced
using a palladium-carbon catalyst. However, when the hydrogenation.of

the ozonide was carried out in the presence of ﬁyridine, the amount of

the side product and the effectiveness of the catalyst for the olefinic
compounds were decreased. Thus, the yield and the purity of aldehydeester
were increased and it became possible to recover the unreacted methyl

oleate, The reactions suggested are as follows:

Rccn)oou B/e 5 RGO 4 -oH
OCH3 : OC‘Hg
RCI(H)O- + OH 5 RC=0 4 W0
OCHs OCHs3
Rg(H)O- + «H > R(:.(H)OH ZZ RCHO + CHsOH
O CHa OCHy
H + +OH —> H20 ’ " /P.446/

When pyridine is added, hydroperoxide amion is presumed to become
a form of hemiacetal, so the formation of dimethylester of azelaic acid

decreases and there is noAincrease in the yield of aldehyde.

RCUH)OOH +CeHs N =2 RC(HOO™ 4 CyHs NH*

© CHa OCH,
RQ(H)OO + 2H° —» RgQHBOH + OH™
oC.H3 O CH3

When there is no reactive solvent, such as methanol, relatively
stable complex IT will be obtained and if there is a suitable catalyst,
IT will form a pyridine sait getting a proton from the amphoﬂeric ion I,
When there is a reducing agent such as formaldehyde, pyridine formate

and aldehyde will be formed taklng off a proton from the reducing agent,
O3
ROH=CHR 22 RCHOO + RCHO

RQHoo +CeHN P :
“*O = ©) - - [0
. . '\N .

\ . ®
.S‘j»:é -—-Og+ H(-' CH o
AR | =
R ~0® g+\c\r:-0 / N\
/ e i R O®
R 0

I l, i, 0

o — B
HG)

Ha -

5+C o S H>C:=O

R” K"‘o R
~C=0

Ha®_ © S0

H/




When pyridine was added before ozonization in methanol, the
formation of acetal was prevented and.the yield of dimethylester of
azelaic gcld was decreased markedly. In this case, there was no
formation of pyridinerxide. It is assumed that the reason.for this
is that pyridine which is not asseciated with an amphoteric ion will
ﬁake an addition complex with the solvent.

In 1958, Slomp et. a1.33) proposed a new theory such that an
amphoteric ion will react with pyridine and produce a carbonyi compound
and a. pyridine ox1de, which is quite dlfferent from Pryde‘s theory. o

g,@c)w-o + ""/D —7 . ch =0 +o & NO

O
3
In 1963, the author et. a1°3h) studied the decomposition of ozonide -

which was obtained by a reaction of ezone with crude methyl oleate under
hydrogen pressure withouﬁ using a solvent. The reaction proceeds
smeothlj at 29°C and the oeonide formed.is quite different from an
ozonide obtained in acetic acid and con%eiﬁS’a very small amount of
hydroxy peroxide. When it was heated to high temperature under hydrogen

pressure, the follow1ng reaction appeared.

0 o
CH3.((-H2).7:Q q o_o>° H(CHa)g COOCHa

: g S0 :

; . i

7 Myt o+ By (Ui CHy-0-C - (Ci), COO CHs
The reaction of ozonlde obtalned from the above reactlon w1th hydroxyl
amine was also studied as follows: .

~ ‘/o\

7Cpot <t 2N HaoH —J»nlé% 235 e=NOH +HLDL+HLO

\‘.‘“‘}il‘il'g /Q NOH+ cooH +NH;OH+HLO

33¢% ek +9_NH9.0H H el
NoeD7T > 2 3C= NOH A -COOH +Ha 0 + ot 2HC!
These reactlons were compared w1tn the decomp051tloh reactlons under

hydrogen pressure,

6. Ozonolysis in order to obtain alcohols & amines
18 . .
In 1956, the author c%nfirmed that it was possible to obtain alcohol

directly from ozonide formed from oleic acid or meihyl oleate in glacial
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acetic acid by hydrogenation at 150-232°C and at 100K8/ 2= and that
it was also possible to synthesis unsaturated hydroxy-glyceride from
olive 0il with the following procedure: olive oil was parti ally
ozonized in acetic acid and the resulting ozonide was decomposed by
heating, then glyceride was separated from the other products by steam
distillation, and hydrogenated at 160-168°C and at 160-170%8/.pm2 for
two hours in the presence gf cupper-chromite catalyst, In this reaction
ethylene bond remained almost unchanged and 6h% of carbopyl radical
converted to hydroxyl radicalél). ‘

In 1960, Sousa eb. a1.36) obtainedjljngnanol ghd 9¥oxyn0panoic..u.
acid in 63% and AB% recoveries resﬁecti%ely‘by:rqﬁucfivg,gleavage using .
a sodium borohydride catalyst after the ozonizgtion of oleic acid in -
chloroform at -20°C. They also obtained l-nonanol and 1,9-nonanediol in
79% and 50% recoverigrespectively from the ozonide obtained from oleic
acid in ethyl ethefiat 0°C by reductiéénc%egfgge in:tﬁg presence of a
" lithium-aluminium-hydride catalysbo Inji9§2,_qulart:et.‘51,37?.0btained.
amines and amino compounds as main products ffom the ozonides obtaingd from

oleic acid and methyl oleate in methanol by the reaction with liquid i

ammonia at 150°C wiﬁh 2900 psi of hydrogen for 8 houré in the presence of .
Raney nickel. For example, from methyl oleate, n-nonylamine, methyl
9—aminoﬁonanoate, pelargonamide and stearamide were obtained in Lh3, 52%,
33% and 15% yieids feSpectively. In 195L, Otsuki et. a1.38).;btéined /P.447/
350g of crude crystals of 9-aminononanoic acid as follows: ~sodium bleaté,
formed with 1 Kg of free oleic écid, dissolved in water was treated with

ozone at'30-80°0, then hydroxylaminehydrochloride and pyfidiné‘weré

added to give oximes, and then the reductive ¢leavage took place in methanol
using aluminiumiamalgam—water to yield thé crﬁde'dfyﬁtéisi Oﬁeng of |
methyl oleate was ozonized in glacial acétié‘aéidkaﬁ'ﬁdt'highefjthaﬁ 1500,1

decomposed by the addition of zinc powder, then fractionated and obtained

300g of methyl ester of azelaic acid half aldehyde,:tb'which aqueous
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ammonia was added andAreduotive cleavage took place at 60-9000, with

100 atm. of hydrogen for 3 hrs. using Raney nickel and obtained 280g of
methyl 9-aminononanoate. They also obtained 10-amino capric acid,
9-aminononanoic acid and 9-aminononanoic acid triglyceride from undecylenic
acid, ricinoleic acid, the fatty acid from rice bran oil and castor oil

by similar chemical treatments as mentioned above, Oleic acid (100 parts)
was ozonized in toluene at 0°C a_nd the ozonide formed was added slowly

to NapS03 aqe soln. and decomposed at 7600; the resnlting nonylaldehyde

and toluene were steam dlstllled, “then sulfurlc ac1d was_ added to gIve

'azelalc a01d half aldehyde, then reductlve cleavage took place at 65—7000

with 100K§/cm2 of hydrogen in the preoence of Raney nlckel catalyst to give

9-aminononanoic acid (27 parts). In 1962, Holme539) obtalned an aldehyde

by reduction with zinc powder 1n glacial acetic acid after the ozonlzatlon

. of petroselinic acid in methanol at —lQOC, Then hydroxylamlne hydrochlorlde

and sodium acetate were added Yo glve oximes, then liquid ammonla was

added and reduction was carrled out at. 95—10500 w1th 1000 lb._of hydrogen

for I} hrs. in ethanol to yield 184 dodecyl.amlne and hh%.éram;nohexan01o
acid. In 1963, the authorho)-succeeded in obtaining oximes directly_from
ozonized methyl oleate by adding hydroxylamine hydrochloride and pyridine\_

in methanol.

7. The application of ozonolysms technlqpes for .
glycerldes hlj"b5) '

In -an attempt to produce glycerldes hav1ng multlple functlonal groups
such as carbonyl groups, carboxyllc gvoups, ethylene bonds etc., by partial
ozonoly51s of unsaturated fatty ac1ds, the authorhl) studied the ‘relationship
between the decomposition condltlons and the characterlstlcs of the
decomposition products u51ng partlally ozonlzed glycerldes havlng dlfferent
proportlons of ozonization in gla01al acetlc a01d and also studled the'
reactlon mechanisms in those_decomp051tlon$. |

The following are examples of the ntilltation df the bartial ozonolysis

techniques as applied to glycerides:
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1) Redvction of carbonyl to alcohol, esterification with sulfuric
acid, neutralization to obtain an alkali salt of an alkyl sulfate as the
main product: surface active agent,

2) Carbonyl group converted to oxime, reduced to amine, treated
with ethylene oxide, then esterified with sulfuric acid, neutralized
énd, as a final product, an amine type amphoteric surface active agent
was obtained.

3) Carbonyl group treated to give acetai, and carboxylic group
esterified, and as a.final product, a plasticizer for use with polyvinyl-
chloride,. In 1961, Pryde et. -aI.'v‘m{ ‘studied’a method for ‘obtaining
aldehyde type glycerides .in good .yield ‘hax}iﬁg‘ mltiple functional grovps
by ozonolysis of vegetable oil, and also studied their chafacferistiﬁs.ji
That is; triolein was dissolved in a mixture of methanol and me£ﬁj1éne
chloride and ozonized at AMOC, then glyceride was obtained by reductive

cleavage using zinc powder and glacial acetic acid. The yield of carbonyl -

group in the glyceride formed was 85%.- On. the other hand, with soybean '~

oil the yield of carbonyl group found in the glyceride formed was only
72%. The soybean oil was dissolved in ethyl ether, ozonized at 10°C and

then treated with hydrogen under normal pressure and at room temperaturé

using a palladium~carbon catalyst for 7 hrs. to give the glyceride. “(When -

isopropanol was used as a solvent, O psi of hydrogen pressure was

necessary)s These glycerides react with phenol, resorcinol, hexamethylene- -

glycol, urea etc. and form high_polymefs.“Inv1962, Prydé‘et. alth)
obtained mono- and di~aldehyde oils in good yield from the partial ozonides
formed from vegetable oils by zinc_reduétion or by.ﬁ§df6geﬂation in the>
presence of pyridine, _They also obtained_thelfollowing'resﬁlts: ‘Methyl
linoleate was treated with 60% Qﬁ-thé_thepreticallamount-of ozone RN I
necessary to saturate the double bdnd,and;then reduced.jQTHe products
from this reaction were SU% of methyl estgr of azelaic acid half aldehyde,
18% of methyl 11—formy1—9—undecenoaté~énd 28% of unreacted methyl

linoleate. However, when the unreacted methyl linoleate was recycled,
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with 60% of ozone consumption, the composition of the reaétive product
was 75% of methyl ester of azelaic acid half aldehyde and about 25% of
methyl 1l-formyl-9-undecenoate, and with 30% of ozone consumption, the
yields were 68% and 32% respectively. WVhen 30% of ozone is passed to
the methyl 1inoleafé; 2h% of methyl aéelaaldehy@;gte, 12% of methyl
11—formy1—9—ﬁndecenoate énd 12% of methyl ester of_lhrformy1—9,12—
undecadienoic acid were obtained as the reaction products, Tri, and di-
aldehyde oils which have 2 or 3 aldehyde groups in one molecule or

aldehyde acids such. as azela—aldehydic acid, which should have. been obtained.

in the reactions mentioned above, react with polyhydric alcohol, diamines .

and hydraziné and produce different kinds of high molecular-weight

compounds. In 1963, Pryde et. al.6o) obtained 3l.55g of unsaturated aldehyde-

 0il from LOg of soybean oil dissolved in 250 ml of ethyl qcetae—ethanql(h:l)
mixture. ho%'of the double bonds were partially ozonized then hydrogenated
at room temp. and un&er nqrﬁal pressure using O.lg of palladium~active
carbon catalyst to yleld the aldehydes. This unséturated aldehjde oil
had only 0,325 mole of aldehyde/mol of fatty acid: and unreacted olefinic:

unsaturation in the aldehyde oil was 0,342 molq/mole of fatty acide However,

when hydrogenation was carried out in the presence of 26.0g of pyridine after

ozonation, the resulting unsaturated aldehyde oil (3L.78g) had 0,329 mole
of aldehyde/mole of fatty aéid and 0,681 mole of unreacted olefinic -
unsaturation/mol of faity acid.

8a OzbnolysiS'in an attempt to.obtéinj-

azelaic acid o
In Emery Industrieshé), azeléic acid was obtained in a good yield as

followsz 100 parts of beef tallow, containing 92% of unsaturated fatty
acid, dissolved in‘pelargoﬁié acid, was ozonized at 25-40°C, tﬁeﬁ decoﬁposi—
tion and oxidation wefé conducted by continuous blowigg of bxygeﬁ for
6 hrs.: the rééulting products were fractionated by distillation,
extracted with hot water and finally 4O parts of:pelafgonic acid and 70 parts

~of azelalc acid were obtaiﬁed. The authorsh7) obtained pure azelaic acid

/P.448/
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(mp 10L.5 --106,0°C) in a yield of L5-52% of theoretical recovery from
oleic acid and rice bran oil fatty acid, which were ozonized in glacial
acetic acid at 29°C, decomposed by heatinges The acetic acid was removed
by distillation and the decémposition products were oxydized by oxygen or
by air in a heated cylinder, then extracted with hexane, and extracted :
with.hot water to yieid the pure final product. OtsukihB) obtained about
20g of crude azelaic acid from 50g of oleic acid as rollows: 50g of

oleic acid dissolved in butyl acetate was ozonized at below —SOC and the

soln. was added by dropping into a steam distillation flask: pelargon = . - ..~ -

| aldehyde produced by the reaction and butyl acetate were removed by steam
distillation: the residual mixture of pelargonic acid, azela-aldehydic

acid end azelaic acid in the flask was ozonized with'air or oxygen at 50—6000 :

for I hrs. and also at 9500 for 2 hrs. in the presence of manganese
pelargonate catalyst, then extracted with hot water andiébtained 20g of .
crude azelaic acid. Mihara et. a1.”9) obtained azelalc acid and pelargonic
acid in good yields as toilows: oleic acid was ozonized in acetic acid
and decomposed to yield aldehyde-containing product, to ﬁhich 20% mangangSe-
acetate acetic acid solution was added and oxygen was swept into the |
~ reaction flask to deepen the color of the reaction mixture: after deepening,,A;
'the soln. was added to the ozonides and oﬁygen was swept in in order to -
decompose and to oxidize simultaneously, With the procedure above, they
obtained azetaic acid and pelargonic acid in more than.75% recoverye
Miyazaki et. 31050) treated 20g of oleidfacid‘wiﬁh 20g of water and qunized
at 40°C, After ozonation, oxygen was swept at 90°C and 65~70% of azelaic
acid was obtained.
9, Ozonolysis in an attempt to determinelthe molé;ﬁlaé'%.
Structures : '

One of the most important appiications of the ozonolysis techniquegA
in organic chemistry is in the identification of the molecular structures
of unsaturated compounds. By the investigation of the ozonolysislproducts

obtained from the unsaturated compounds, the position of ethylene bonds are
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determined and tﬁerefore the structures of the parent compounds are
identified.
The structures of a large number of unsaturated fatty acids have

been determined by the ozonolysig techniques. On the other hand, in

1951, Boer et. a1.51) studied the use of ozone as a titrimetric reagent
to determiﬁe.the proportion of unsaturation of the olefinic unsaturated
compounds. . The principle of this method is as fbllows:. Ozone is produced
- in high concentration by hydrolysis of diluted sulfuric acid, The ozone
produced is coﬁducted into the samplgvchlqrqform solution at a certain -
rate and“thé ﬁnséturatidn of.the;sampie isAdetérmined by the reaction
time necessary to saturate the.double bonds._‘The_gnd point of the reaction
was judged by the liberation of the unreacted'ozoﬁe from:the reaction
system. Ii_is assumed that the reacﬁion;of ozone in this system should be
prdcéedéd quantitatively; The presence of free ozone iﬁ the soln. was
determined by the color change of the minute amount of the.indicator
adéed, but in many cases, the end point of reaction was confirmed by the
é@ometry whiéh waé carried out continﬁously to measure the amount of ozone..'
released from the reaction vessel, TFrom these data, the amount of ozone.
reacted was galculated. Indicators are:: Ceroline Echtblaww R (Dutch Color -
& Chemica1.Wbrks Limited, Sales Agent), Sudan Rot 7B (I.G. Farben, Sales.
‘Agent), Bordeaux Organol M and Ecarlate Organol (Ste..Anne des Matieres . -
Colorantes Séint-Denis, Sales Agept);?:lnithe case of undecylenic acid, ..
oleic acid and cgétor oil, Sudanﬁﬁot 7B was used as an indicator and almost
~the same valﬁes were obtained as théLBrominé valpes of those compounds.
In 1961, Maggiolo et. a1.53)~simplified,the method established by Boer
et al,sl). As an ozonizer, they%usgd'g simple model afrailable commercially,
‘and which produced 15-20M8/ 3y, of ozone from air, ..

Concentrations of ozéne, before and after the reéction, were -
determined by the amounﬁs-of dzone reécted with 2% KI aq. solns, for
measured 3 minutes, A sample, which should contain 6-7 milli.. equivalents
of ethylene bonds, was taken in a reaction vessel equipped with a stirrer - -

at 2500 rpm, then 35 ml of chloroform was added to dissolve the sample and
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then the solution was cooled to -}j5- —SSOC. The end point was indicated

Ly the appearance of a blue color in the reaction soln. due to the excess

of ozone and simultaneously, by the appearance of a distinct yellow color

in the potassium lodine soln, which was connected next to the reaction
vessel. However, since these end points consistently appeared 0.4 min.
earlier thaﬁ the real end points,‘correction was required. The amount of
ozone absorbed by 100g of sample was calculated from the time needed to
complete the reaction. The result was expressed as "ozone value", which

1s the numbér of grams of ozone absorbed per 100g of sample, The
reproducibilit& of ozone value:was very gobd. The ozone values_pbtaiﬁed
from methyl oleate, linoleic acid, methyl linolenate, olive oil, sesame oil,
saffloGer 0il and tall oil showed the corresponding values to the Iodine
values by the Wijs method. then the rate of ozone absorption of sample wés
very slow, it was possiﬁle to obtain a definite end point using an ozone
reaction curve which was plottiﬁg ozone con§éntration versus time.. In 1961
Ackman et 31025) studied a method to oxidize oleic acid b& 98%-fofmicvacid
and hydrogen pecroxide (30-~50%) after ozonization at -3000 in methanol
_(mentibned above). In this method, the yield of azelaic acid was more than
95% and the reaction bi-products were very little. More bi-products were .
obtained wﬁen acetic acid - methyl formate>(3:1), acetone or methyl formate
was used as the reaction solvgnt than when methanol was used., This method
was eicelleﬁt as a method of quantitative analysis ofethylene bonds in the
long chain unsaturated mono fatty acids. In 1962 Privitt et. a1,58)
studied_a method:of identification of stfuctures of unsaturated fatty acids
using acetaldehydes which were obtained by the>reductive decompositiop of .
ozonides by the gas chrbmatographig techniques as follows: 10 ml of purified
pentane  was taken in a 25 1l round-bottom flaék, ozonized oxyéen.coptaihing
2-3% of ozone was'passed through at a rate of 100 ml/min., for 5 min. to give
a deep blue soln. containing about 0.3 m mol of ozone. On the other hand
1-50 ml of sample was dissolved in purified 2-3 ml of pentane, cooled to -

a proper temperature, so that the sample does not crystalize, and the soln. -
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was added to a 10 ml of ozone soln. As the reaction takes place momentally,
excess oxygen and ozone are removed by using an aspirator. When the
ozonization is completed, the color of the soln. should be faint greye.

If the soln. is colorless, it means that the ozone is not sufficient, so

- the ozonized oxygen should be passed into the soln, until the‘color changes
to faint blue. Before the decomposition, the ozonide soln, is usually
concentrated to approximately 2 ml, If the sample produ¢es short chain
compounds the concentrating procédure should be carried out Qnder a reduced
pressure at 0°C, Mesters which show relatively long retention ﬁime‘(Rp).;n_
gas chromatograpﬁy, such as méthyl caprylatehér methyl phthalate, were used
| as the solvents when reduction was carried out, The reduction method is
as follows: To avoid the secondary oxidation of aldehydes which were
prodﬁced b& the cleavage of the ozonide,'ﬁhe whole unit should be kept away
from oxygen, 25img of-palladium catalyst‘by LindarSh) and 2 ml of solvent
were taken in a flask, cooled with ice cbldfﬁétéf,”and'thén stirred .
vigorously using an electromagnetic sﬂirfer.ﬁnder a étréém of hydrOgeﬁ; e
A sample was dissolved in a small\amoﬁht of solven£ iﬁ:a-ééSt'tﬁBé and the =
solution was saturated with hydrogen. Under a current of ﬁydrogeh gas,~””A
sample was taken into a reaction flask using a éyringe, The reaction flask -
was tightly sealed and pressured with hydfogén; -The reactibn should be’
completed in 15 min. The decomposed ﬁfddﬁdﬁg were warmed up with a water
beth and the volatile materials in théﬂﬁrodﬁgtéywere>iiberéted'ﬁith'ﬁiﬁrogén -
and the liberated materials were collééfédciﬁlﬁebﬁané which was éoolédnwith
dry ice or in 0.5 ml of non volatile hydrocarbons taken in a U shaped-tube,

The solutions in.the collection tube and in.éhe“feaction flask are analysed

by gas chromatography., Columns used ;fe éb%ugiiiéoﬁé”dh Chromosorb W,f3ﬁ:
12 ft. X 3 inch and.15% succinic.acid:étﬁji;héEéijcol'pdiyestei‘onf
Chromosorb W, 6 ft. x % inch. A hydfbgeﬂ fiamé detector was used for the™
analysis. With this methOd, when methylésters of linoleic acid, Tinolenic - ’ f -
acid and arachidonic acid, methyl oledts Cbntaiﬁing 2% of linoleic acid, a

nmixture of methyl oleate and methyl petroselinate were used as samples, °
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clear separations of aldehydes obtained hy the cleavapge of these samples
were achieved. Since this method is not accompanied with the subreactions
in both ozonation and reduction procedures, and does not include a separation
procedure, in which usually the largest sample loss will be seen, it is
possible to use this method as a method of quantitative analysis of mixture
of the esters of unsaturated fatty acids. The most important fact in the
method is, however, that it is possible to analyse quantitatively the
mixture of the structural isomers of the unsaturaped fatty acids., It is

- impossible to analyse in the ordinary gas chrdmaﬁdgraphic technique.

. 10. Ozonizers and Prices of Ozone

The method of owone production in industry'is mainly'by‘the silent
discharge of air ér oxygen. There are two types of silent discharge tubej
one is a disk type and the other is a cylindrical type. The disk type;
M.P. Otto model is famous for its use as a sterilizer for water‘supplies
in France. In the cylindrical ﬁodels, the Vermoﬁt is used in wster cleaning
eéuipment in Philadelphia and the Welsbach model of the Emery Industries
is being used for azelaic acid production. Theoretically, the necessary.
powerkto produce 1 Kg of ozone is only 0,8 KW.hr, but in practiée by the
Welsbach model, 18-22 KW.hr. with air and 9-11 KW.hr. with oxygen are
necéssary. It is possible, however, to reduce'thé power to 12-15 KW.hr.
with sir by adjustment of the discharge distance or thickness of a
dielectric substance. In 1957 Funabashi et. al.56) succeeded in reducing
the power to 8-9 KW.,hr. to produce 1Kg of ozone usiﬁg a metal electrode
as one of the electrodes of fhe silent discharge tube. The surface of
the eléctrode is covered with a thin film (1éss,than 0.5 mm) of organic
s&nthetic resin to be used és_a dielectric substance., In Toyo Koatsu Kogyo
K.K.SS) (Toyo High Pressure Industry Co. Ltd.), they succeeded in obtaining
ozone in é very high efficiency hsing a special device which is designed
to recycle the recovered oxygen.. The largest equipment in the Velsbach

Gompany can produce 86K§/day of ozone from air and 172Kg/day from oxygen
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and concentrations are 1 and 2% feépectively. Cost for the equipment was
14,400,000 yen (.S, $40,000) and cost 3,600,000 - 5,400,000 yen (U.S.

$10,000 - 15,000) for the fan, cooler, drier etc. The Welsbach Company

is planning to produce pure ozone at 119 yen/ Kg @pproximately U.S. $ 0.33)

and the Mathieson Company is planning to produce and to sell 100% pure
ozone. In the Union Carbide Corp. Linde Div. s there has been a special
study to stabilize 24-35% of ozone in liquid oxygen as a high concentration
ozone solution; The Emery Industries Co, Wés using a large piece of |
equipmeﬁt'ﬁhich cost 720,000,000 yen (U.S. $2,doo,ooo)'fbr production of - - ..

azeléic acid. In June 1961, fhey completed a larger unit wﬁich cost

2,160,000,000 yen (U.S. $6,000,000).,

(Accepted Dec. 20, 1963)
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