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185 ACTION OF
LEAD TETRAACETATE UPON
HYUROXYLATED FATTY ACIDH, BSTEHS
AND FRLATED QUNPOUNDS

The oxldation of hydromylated fatby aclida, caters
and related subabancas with lead tetrasscetate (the Criegee

regctlion) has veen studled. The oxidatlion of 9,10«ditnydrony=

stearliec seld yioided pelargonie aliehyde (nenonanal) and
agelaic half aldehyle (d=formylelwcotancice aocld)e Hlnilarly,
othyl=0,l0~ditvdroxyotearate yieolded pelargenle slliehyde and
the ethyl sster of azelale half aldehydej U,10«dinhyiroxye

cotadecancl ylelded pelisrgunic aldshyde and $~hydroxypelargonie

aldehydes 9,10,18«-bribhydroxystearie acld yielded o»nonenw
aidehyde and azelalic aseldy hydroxnylated castor oll yielded
X=nonenaliehyde and azelalie aeclid.

Trne Crierse roaebion has beon mdified and fmproved
ac that lg is no longer necessary Lo isclate gnd ymwif&

either lesd teotraascetste or the hydrozylated substances.
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Ie IWDRUDUCTION

This Invezatlgoation weas wnlertaten for the purpose of
studying Lue oxldlsing actirn of lead tetrancetate on long
chrin hydroexylated lebty scliis, caltera, and related subatances

containing theo(=glyeol group (*qw&ﬁ% to produce sliphatie
alishydoes, Since lead t@&?a@eatiﬁﬁ ia preparved by the scluw
tlen of red lead in glacial scoetle seld, and since the
oexidation of the hydroaxy compounds iIs alsc eegrried out in
acetie acid seolubion, it is merely necessary to dissolve the
hydroxy compound in placial acetie acid and to add the red
lead in smmll portionss The lesnd teirascebtsts which is formed
rescts Irnosdistely with the hyirozxy eompounds in accordance
with the fellowing eguationse.
Phgly * B CHeCOOH -*9P%€ﬁ6®ﬁﬁa)4 + 2 ?b(@ﬁ&&ﬁs)g + 4 HgO
FB(0C0CHg), %tlﬂgfi%»&iw%ﬁmé—?%{ CCOCHg ) ge Fiyl ;ﬁc.w 4 g0, Cul 4
B OH 2 CHgCOOH.
These equablions may be combined.
FbpOg 4 © CHaCOUT @ Hy? Esfne.';rxﬁm —> ByRyCuC ¢ HyR,Cx0 4
| 3 Fb{ﬁauﬁﬁg)% . & ﬂgﬂ
This last rescticon ig the cone upen whioch thils inveosbtlgation la
baseds The nocessity cof leoclstling and purifyling lead tetra«
scetate 1s therefore obvisted by utilizing the lead tetrascetate
"in situ®.

Sinece the hyiroxylation of moet of the unsaturated fatiy
materials 1s also currled out in ecetlc acld solutiom, in many
cases 1t wes Sfound unnecessary toe lsclate and purifly the
hydroxyleted derivatlive prior €0 treatment with red lead and

acetlic acid.
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acid {71}, and an mgueous scinklon of sodlum oleate (87).

In & recent publication it was shven that pelsrgomic aldehde
couid be prepered from U,1l0=¢Ihrrorystearie scld by oxidation
with pericdiic seld (43)e

Agelale bhalf sliehyde has been prepured by the ozone
olysis of olele, elsidie (£24)(20)(28)}{49) and rieinolelcs
acids [21). It nes sloo been prepared by the oxidation of
2,10=dihydroxystearic acid with perlcdle acid (43)e This
ﬁiﬂaﬁyﬁa'i&hvwry'ﬁiffiauiﬁ to purify and “eep for any length
of time since 1t readily undergoes polyzerization.

The ethyl sster of azelale hall allehwde has heen
orepared by the oponclysis of ethyl cleate (25).

Xwitoneneldehyde has been prepared only with some
difficultys It has been prepared by treating heptalishyde
with malonic ssier in & in-ovenajel svntheais (77), by the
reduction of imide chlorides of the type R-C{Cl)wlR!' with
ghiromous ehloride (4), and from aereleln throwh a complex
saries of resctions (13).

K=Rononaldehvyde was alac prepsred by oxldiging
9,10,18~trinypiraxyatoarie acld, prepared from ricinoleis asld,
with lead tetrascetate (78), but the invostlgators reported
the aldehyde as J-hydrczypelarzoniec aldenhyde and not ita
denydration product cl=nonenaldiehyde.

P=Hylroxypelargonic aldehyde was prepared In s pure
state by the ozonolysis of oleyl aloohel (32)s It was also
prepared in an impure state by the cxidation of phloionolie

acid, an nold present in cork, with lead tetrascetate (78).



IX. HISTORICAL

Since the time of Permelius chemiats beve been aware
that red lead (iby04) 48 svludle in glaclal acetle acld and
g meothod for Jdetestling and sstimatling certsin Inmpurities
found in the comaerclal artlcole haes been based on this fact,
The propertise of this sclobion were 1Little Imown wunkil
Jaegualin cbserved (39), ae Dumas had befere him, that a
solutlion of red lead in aquenus acebic seld soon Jdecomposed
and deposited lead dioxide, ¥Fe alsc feund that the applie
gation of heat, 28 well as the additlon of water, grsatly
sccelerated the decompomitions lHe further cbserved that when
he employed glmeial scetle scld at 40°C as ths sclvent, the
golvtion deposited 8 crop of slender, colerisas, obligue
priams on ecolings On Flltering off these crystals of
fsoobtate de bloxide de plombd®, es he called thes, &ﬁﬂkﬁﬁﬁﬁmpt*
ing to dry thse between pleces of {ilter paper, Jacguell
found that they qai@ﬁiﬁ turmed brewn Jfecomposling into acetie
acld and lesd dloxides (n the additicnm of water this Jecom-
poasition was couplote and e was - ble to determine the percente
ape of acetic anhydride ln the panmpls by titreting the aguecus
solution with staniard gilkalls The lesd was o timated as
ghloride in enother sanmple, Tho rozulis he obiained led him
to adopt the fellowing inprobable formula oy lead tetrsw
acetate:t

?%Qg¢$£$4ﬁ$ﬁa}
4 fow years later, Schonbein (65) made g sinilar

chasrvation on the solution of r2d lead in seetle acid. He



found thet sulfurie scid preelpltated only & part of the lead
from this liguld lesving the "scelate of lead dicxide” in
goiutions Apparently Schéinbelin waa not familiar with the
work of Jacquelin nor did he apsesr t¢ haeve cbiained any
eryatals from his scliution.

The first workers to recognige that lead tetraascatats
was & definite echemlical individual were probably Hutchinson
and Poliard (86)e They prepared lesd totranacetste by adding
ecomnerolial red lead in amall porbtlona to hot glacial zzetis
acid undil no aore dilsscived and lead dioxide commenced te
procipliate outs 7The eguation for this res-tlion 18 a8 follows:
FbgOy ¢ 8 CHxCOOUH —7rb(0CITHg)e » B FR{OUCCHgly » 4 Hp0e
The crvatals whieh deposited on cooling weres purified by
recrystaliizatlion from hot glaclal scetlic acld. Several of
the physlcal properties of lead tetraacetate are llsled in
Tasle 1

Futehineon and Follard found thaet lend tatrascsiste

thaet it mipght be used o deteet molisbure in puaepe This
property of lead tetraacetate may bLe used in 1ts guantitative
oatiaation as represented by the sguatiom ahown velow.

E’E&(f‘%‘ﬁﬁﬁi'ia.)é + 2 E*g‘ ———>F¥3% * 4 ﬂiiﬁﬂ@rﬁf&f{

# Lead Tetraccotate may alac be prepared by the

eiectrolysis of lead soetate in placial acetlie aold scliuvklon (83).



Table I.

CCUTATE

2 F. 175°C (decs)
@ig Y p.epe
&éﬁ.ﬁ 2,218

Yoncelinie, coleorleoss, transparent prisms.

oluble to tho extent of £.76 @TﬁM$/ZQG arems
ef nisclel mcebic acid &% 17°C.,

raslly ﬁ@iﬂ%lﬁ in seld ehlopolorm, sliphtly
soluble in etheayr and 1liiht petrelewwm gnd more
86 in'b@mm@ﬁ@-



The acetic acid libersted may be titroted with standard
alkell.

The work of Hutchinson and Fellard was devobed
primarily to a study of the physical prosertios of leed
tatreacetate. It was not untll 1520 that Dimroth, friedemann
and Fdmmerer (l4) and Dimroth and Hileker (185) found that
lead tetrasacebate could be uaed vory effectively o oxlidize
coertaln hyﬂrmxyanﬁhraguinaﬂa derival.ves to anthradiquinones,
The atiention in these last two pieces Of research was not
focuasc? on lead tebtrascetate but on tae digulnines obtailned,

The first publieation te devrte iteelf te & stuly ef
the sebtlion of lesd tetrancetate on variouns tyres eof orgenie
ecompounda was published by Uimroth and Schwelzer In 122835 (18).
They not only improved the method for preiering leed totraw
acebete but showed that lead tetraacstate wonld resot with
certein compounds whish contained hydroren atoms alvhe teo
& sarbonyl or & carboxyl group., One or mere alvha hyirogens
are replaced by scetoxy groups (0S0UHsz). 7The following
sguations 1llustrate this mode of actlion of lead tetrsacetate:

1. (Qﬁa@ﬂ}g@ € 2 %(M@ﬁ?a)4—7(gﬁgﬁﬂmgﬁﬁ)ﬁﬂ - 2 %(wmbjﬁ 9
£ ﬁi’isgﬂgﬁ

2. CHg(COOCQHE )p + PH(OCOCHg )y — CHgCOOCE (COOCHE )p 4
Po(0CUCHg )p ¢ CHxCOCH

3. CH3COCHgCOOCpHg + Fb(DCOCHZ)q —>CHgCOUH (0COCHS)CO0CERs



4, (Cz)pCO + Fo(0COCHZ)4 —>CHECOO0HQATCH 4 Fb(0CO0Hg)g
CHxCOOH

1
of PA=Dlacetoxyacetone may be prepared by using & larger

amount ¢f lead tebtrascetate and higher temperatures.

B eag5f§ﬁ¥§ﬁ3 + ?ﬂ(%mﬁ&)i """?ﬁﬁﬁ@ﬂiﬁ?ﬁﬁﬁ%ﬁﬂffﬁﬁ - %(mﬁﬁﬁﬁa}g *
maﬂﬁm

They found that lead tetrascetate may be srployed to
mensure with a great desl of preclsion the lability eof hydroren
atoms buscauvse the oxidation resctiom may be followed by titrat-
ing the ameunt of wnuped lead tetrsacetate smecording te the

following equutions:

Fo(QC(CHglg ¢ £ KI = Ip + 'D(1C0CHg)p ¢ 2 CHUCOK
Ig + £ ﬁ‘ﬁﬁg%ﬁ) £ Hal + ﬁﬁﬂ?ﬁ»i%

In the tamse of howologues of bensene, they found that
toluene, diphenylmethane and triphenylmethene were sll oxide
ized to the acetates of the corrssponding anlechols, the esse
of oxidation inereasing frowm tolusne t¢ trighenylmethane,

benzens being unafliescted.

CHy CHgOCOCHg
Q *+ %(Mﬁf}ﬁa)g—‘7 Q b | %(ﬁ{?{’;ﬁ%‘gﬁ)g + C3§f3{f€‘;m
i ¢ PR (0C00CHg) g —> CHOCOCHg 4 Fh(0COCHg)p

cH aUOTH



OQE o Fb(00 f:}{}ﬁg )4 S O oo C?&**:& 4+ (o sﬁfjﬁ@ )ﬁ +
Q CHy COOH

They alsc carvisd cut a few experiments on the oxide
ation of weatursted couptundss They Cound that enethole
rescted smonthly with lszd totrascotote below 40°C to yleld
an scetylated derivative which was not definitely characters
ized, iHyirclysis ef this product yielded le=(p-methoxyphenyl)-
l,8«preopandiol in good yields, They wmorely wentioned the faet
that stlilbene rescted much more aslowly than ancthole to gilve &
mixture of lasomers, and safrole rescted very much more slowly
than anethole. At the Yolling polnt sefrole rescted so wiolently
that no preduets could Le fgclated.

In &8 very complete inveoutigation, Crlegee gmmﬁinﬂaﬁ“ths
work of Limroth end Sechwelzer on the resctlon of tetravalent
lesd szlts with unsetursted hydreocarbons (7). He studied the
preparation of lead tobtreacetate, lead tebtraprepionate, lesd
tetrabutyrate and lead tetrabengopte end also thelr resctlions
with unsaturated hydrocarbons,

He found that lead tsatrsacetnte resnclted with unsatuw
rated compounds orimarily In two ways: (1) the slaple addition
of two aceboxy groups at the double bond, and (£) the replace~
ment of hydrogen atoms by seetoxy grovps, the double bLond
resaining unaffeectad, Usually beth of the resctimms took
rlace concurrentliy.

Cyelcherene rescsted with load tetrascetate to yleld
mainly £-cyelohexeno=l«0l gseetsate (I) and cyelohexane~l,Bedicl
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diacetats (IX). A smell smownt of a dlacetste of eyclchoxens~-
diol wag also iscleted, Its siricture wos believed to be

either I71 or IV.

iy %{W? 3
%Fﬁ

Indene rescted in essentially the sawe manner althoupgh

ITx

the reactlion was somewhat more complicetsd. Pemetion tock
place in the five membered ring only,

Cyclopgntadiene roacted in the expectsd way te yleld
two malin profucts, one of which was the result of 8 very
Interesting secondary reactions. The preducts wore Jwoyelow
pentene=1,2«dlol diacstate (V) and the moncacetste monow
scetylglycclate of J-cyclopentene-l,8-dicl (VI), with the
latter compound prodominating.

COCH COCHg
0C OCH 00 SR OC ICTH g
v vi

Compound VI resulted from the resctlion of lead toireascebate
with Ve Thiz reacticon 8 of the same btvype as that renorbed

by Ulmreth and Sehwelgzer betwseen acetone, acstlic anhydride ete.,
and lead tetrancetate. The hydropens in the acetoxy groups

are alphe hyirogong end hence mighi be erpected te rosect with
lead tetraacsinte.

Cyclohexadiene and lead Teotraccotate ylelded two oreducta,
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They were 3-cyclohexene~1,2-dicl dlacetate (VII) and the

monoacetate uwonoecetylglycolate of 3-cyclohexene=l,2~diol (VIII).

COCH

G OCH

3

‘ﬁﬁﬁz

3

Vil VIIT

In addition t¢ the above rescticns, Criegee (7) found
that a third type of resction cceurred to a lesser extent.
This inveolved the dehydrogenation by lead tetrascetate of
certain partially hydrcogenated aromatic hydrecarbons. 9,10«
Dihydroanthracene yielded a trace of anthracene when the re=
action was carried out in ascetic acid and a 307 yield of
anthracene when the reaction was corried out in btengene, 1,4=-
Dinhydronavhthalene gave 2 nearly quantitative yleld of naphtha-
lene. 1,2-Dihydrcnaphthalene gave a 207 yleld of naphthalene,
the reomainder of the product being the dlacetyl derivative of

trana=-1,2-dihyircozytetrahydronevhthalene (IX).

Tetrahydronaphthalene yielded leacetoxy~l,2,3,4~tetrahydro-
nephthalene (X).

In a clasaic publication, Criegee (8) first demonstated



iz

that compounds which contalined mmsaobstituvted bhylrexyl groups
attached Lo two adlacent carbon stoms would reast with lead
tetrasecstnte. Ie showsd that sciselon cecurred Letween the
carbon atoms helding the hydroxyl zroups with the rewmoval of
two hyiregen atoms to yleld sldenydes or ketones, depeniing
on Lhe mature of the other groups atitached o Lthe carion atomp.

The type equatlon for this rescticn 18 ses followst

ﬁlﬁaﬁhﬁ%ﬁsﬂé + Po{0COCHZ )4 ——)RYBplal ¢ Rp7gl=d + Po(ONGCHS)p +
] o 2 CHyUOM

Rw alkyl, aryl or B

Although the wode of sction 2f tetrevalsnt lezd salts
onp unsaturated compounds was conplex and varisd with ths type
of compound treated, the actlion of lesd totrascatate on
l1,8«glyeols was & smeeth and wivally alvost gqunntltative
regsctlion,

He found that the rescblion waz guite genceral, no

erecopticons being frond in the large nuuber of hydroxy compeunds
treated, Ue was able to prepare in vory pood yislds two moles
of formeldehyde from sthylene plycol, twe meles of zcebcome from
pinacol, two »eles of ethyl glyoxylate rom diethyl tartrate,
two moles of bengaldshyde {rom hydrebengoln, ons mole of
gsnisalidehyde from anetholeglyeel, and from cls~ and trang-
gyclonexanedicl~1,2 one nmols of adliple dlaldehyde. wWith
polyhydroxy compounds sueh aa the gugars, the reaction wasg
naturally more coumplicated, although 1t worked satlefechorily
to show ths presence of adjacent hyircxyl groups In monoe

aneboneslucose,



CHp O
1. | 4 Ph{O0GCH, ), =28 HOBC @ PR{0000l)e ¢ & CULO0CH
. 34 g 3
CH g O

€. {@ﬁﬁ)ﬁf*ﬁ,{i‘?ﬁa}g v Pu(0C0CHg)g 2 £ (CHy)pCl + Fb(CC(CHg)p+

€31 2 CHgCOM
§003gHg
CECH B COtply
Se éﬁﬁﬁ -+ ?ﬁ(ﬁﬁ&ﬁﬁa)i‘—“7 2 éﬁe * ?&{Gﬁﬁﬁﬁg)ﬁ + 2 (HgCOH
é@m@%
4. CgHgCHOICHMECgHy ¢ Th(0COCEg)y —7 2 CgHgCHO ¢ PO{OCOCHg)y +

2 Qﬁﬁﬂﬂﬁﬁ

B Qfﬁ + Po(0COCHZ)g —> CHO(CHR ) 4CHO + M {0COCHg)p +
o 2 &Hﬁﬁﬂm%
The resctlion leadlnmg teo the producticn of sldehydes 1is
extremely spscifiec. The only compounds which wlll resat with

lend totrascetete In this wvey are those whieh contain two Pree

hydroxyl proups on adjacent earbon atoms. Yonohydroxy compounds
¢r those hydroxkyl compouxie whieh contaln ene or both of the
hydrexyl groups substituted will not resct. lartienlarly
1lluminating is the case of pentasrythriteol (XTI) which does nob
reset in spite of 1ts four hydroxyl proups bLecauge no two hydroxyl

groups are sttached to adlacent carbon atonms.

CHp 08
]
CHg(H =~C-CEBCE

XI
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The advanteges of lesad tetragceicte ovor other oxie
diging apgents sre, (1) the oxideticon wmay bes carvried out in a
homogeneous medium, (2) the resction 1s usually seo rapid that
low temperatures &rs reguired, {3) the oxidation siopa at the
aldehyde or ketone stege, and {(4) the resction plves compara-
tively high yields of sldehydes or katomes, Thls reaction
mnay be used for the preparaticon of earbomyl ecompounds, for
the gualitative detsction of al~glyeols and partleulerly as
an &id In ssteblishing the constitutlion of gertain natural
produnts,

In & later paper, "glyecl eplitting®, m¢ called, was
inveetipnicd more thoreushly by Criegee and his coeworhkers (12).
They showed that lesd tetrascetate would not only resct with
various types of compounds contalning the eo(eslycol greoup
(=g=G=), but would alse react with e(-hyiroxy ecids, of-amino
aggdém&nﬁcﬁkﬁy&?&xy amines. They studled the veloelty of
the rescbliom in wvarlious seolvents and under varying econditlions
and mivanced a mechanism for the oxidaticn of A= lyecls with
lsad tetrascotate. Approsimately 32 sompounds were oxidized
and the veleelty of reactlion Iin some saazss wis zghown to be
g8 much as 60,000,000 tines as great ag in others, Home of
the eompounds oxidized woare elsé-and trans-acensphirhenediold,
gls=and trans-l,2-diphenvlecenasphihenediol, cld~ and trans-
hydrindensdiol, cls- and trans-cholestanetrlel, meso-dimethyl
tartrate,o(~scetyl glycerol, ate. They found that els~ dlol
eomponnda reacted much faater than thely trans- laomoers,

without s:ception. The greater part of this punlieatlion {(12)
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was deveted to a stwdy of reactlon mechunlism and rsaction

rates, which will be discusped in the TUHUNUPETICAL asction.

3ince the predieticn by Criegee (B) that leasd tetraw
paeotate could be used as an ald in sstablishing the conatl-
tution of both naturel and aynthetic products which contaln
the proper plycel structure, & great many papsre have been
published besaring out his prediction completely. The com-
poundds studled have bean of & grecd variceby of types and no
exceptions to the pgensrality of thils resction heve ass veb
been found.

Criepee, In a paper entitlsed Ta Mew “esthod For the
Determination of Ling Structure in Sugsrs and in Sugsr
Derivoativea®™ (9), showsd thet lead tetrascetate eovld be

uvaed to determine the presence of at least twoe freeo ad lscent

hydroxyl groups in these types of compounds (el .48,35). By
messuring the emount of formaldehyde cbislned and comparing

1t with the eamzcunt onse would expsct to get, 1t was possible

to ascaertaln whather the end two caerbon atoms In the sugar
molscule were free or nots 1t was net sufficlient merely to
prove that forsaldehyde wasn formed, but ite guantitative
sabioation wen essential sinece the premence of three or more
free aljatent hydroxyl groups would gilve a mizxture of formele
debiyde and cthar aldehivdes, Thus, degluceze, 1f trested iIn
this way should zive ne fermaldehyle 1f 1t contalus 8 pyranose
ring (XI1)e This was borme out exrarizentally. de-danncse (NI¥7)
behaved in & ziallsr sanner. Jinee these resctlons were
carried out at cowparatively low texmperstures, no rearrangement

would be expected., with butk twe sxeeptions out of the many
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compounds studied, the structures am worked out by Irvine,

Haworth, Freudenberg, oste., were corrcborated.

ﬁ%;g—“

BOGH

¢l£; 0o HOCH (o)

ﬁéﬁﬁ ﬁ%ﬂ?_——J

e — e
éﬁgm i‘.'??‘ig OH
X1x XIIX

The positien of the dovble bonds In certain plant
plrments sueh as crooetin, bixin and others (41)(42) was
doternined by hydroxylation of the double bondas, sclasion
of the resuliing glveol with lead tebtrascatate snd ldenti~
ficatiom of the resulting aldehydea and hotonss,

Thﬁtcinglyaaramﬁnw@haagheyie aclid eoculd be deterained
in the pregence of the MB=compeund by utilizing lesd tetra=
scetate was demonstrated by Cerrarra (B) and Pyman and
Stevenson (E7)s Since only thaafkfarm reacted,by using an
excess of lead tstrascetate and titrating the unused portionm,
the amount 0#6(;ﬂ$mﬁ@mnﬂ wos c3timated,.

Heilbrom, “orriscn and Simpsoem (31) showed that one
of the double bonds 1n the ergeatercl nuelens (elther hetween
Cpely or Cy=Cgy) was particulsrly reactive. The addltion of
twe hydroxyl zroups tock place only at this dovble bond as
ghown by the fast that a ketow-aldehyde wes obtained on
treatzeat with lead tetvascelabe. Thin type of compound

would only cecur 1f hylrexylation had ocecurred In one of the
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rings,s Similarly, hyﬁ?ﬁgﬁmaﬁiﬂg teok plece at this same
dovible bonde Tzoemlization of either the bhyiroxylated or
hydrosenated produet resulited 1n the formutlion ef methyl
isopropyl acotaldebyde, indileating that the side ehaln was
maffacted by hydroxyistion or hrirogsnstion.

It had been mentlioned by Urleger that lesd tatrpecetate
ceuld e ueed tr ocxidize of=hvircexy solds, This wia inventie
guted in arme detall by Teda (3) eoffiyirery ancids have analo=~
geus structores teo 1,B-glycoles and might bs sxpected to react
with lezd Sebtrascetate In g sisilar mannere This wes shown
tc be the case. Oeds oxldized lastle, levsie, mandelle,

2 ~henyllactio and p-hydvexyphenyllactie acids. 7The reaction
of this type may be ifllustrated by mesns of the lactlec acid

gnd mandeliec zeld oxidetions.

COOE ¢ Pb(0COCHg)y—> CHglHO 4 COp + Po{0C0CHg)p 4
2 OHxUCCH

ﬁ?ﬁaiﬁi

CollpCHEEIONE < %{mﬁ?fﬁs }4 —_— ﬁ?éiﬁg@ﬁ@ +* Q% * B{ ??f"%’ﬁ)g -
2 ﬁﬁsf:f &y

Gxldation @£<x@%y&vwmy'&é&ﬁ@ wRy be carvied out with other
oxidizing agents but the resction ususlly procesds beoyend
the aldehyde steye ond often dees not glve poed yiaelds of
desired producta. In the oxildatlion wiith isud tedraacetate,
the reactiom runs very smoothly at moderate temperatures and
stops a8t the aldehyde shuge.

In & #tudy of the esterificeation of hisher fatty acide

with glyesrol, lwad tetreacetste wis used to good advantage
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ars inclined to at ribute iy effsot Lo ghsarle Nizdpance
and 1% aay be acted that the Uspuoition of J,,0-bonge
&wt?wmﬁmmm eurresronds bo vositlion 4 In ihe therantbhrae
aold gyatem pragent In the =mrleculs and thet thore are
definite Indicationz of hindrance ot 12 poa’tion in
shananbhrent.

As m~ight Lo expscted, 1,0,5,0-31bongsntbracens (OVIII)
Aess not react with lead tetrgse-taie siree both mese positions

are anbisel to 1dentiesl hindrance affects,

Xviiz
T oa conbinvoation of this work (13}, thev found thab
methyleholanthrene (XIX) rescted with lead totrascstats 3O

give & now asetoxy cerivative (X)) im 07 yleld.

HC #4C
Hoc — CHy AC - CHOCOC Hy

XIX XK

S,4-leng ryreng nlac yielded ar acetexy feriwntlive in 80%
yield, but the poriticom of the scetixy pronp waa undotormined,

Tp bo the present bBlme veory 1ittle work has heen done
on the oxidation ~f hydrexyleisd fetty aelde nnd relsted
gonpounds with lsed totrasestate. Tn s atedy of the oxidaw
tion products of the anastureiled foatty acide of linsced oll
{52), ¥umn and Smedley- aclsan reported that the sositiom

of ad laceont Lydrexyl groups In div-dropystasrsie seld and
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sativio aold wos determined by Urlegee’s mothod, Tt was the
purpoase of their investigation merely to aheow the presence
and the poalilion of the hydroxyl groups whieh they 44d by
identifying certein of the aldehyidle producta.

$imilarly, in an invesntigation of the constitution of
two hydroxy aeclds isolated frewm eork (78), the pezition of
ad Jacent hydreoexyl groups was dercngstrataed by exldetion of the
hydrozy scide with lead tetrascetats and idextifleation of
the aldehydle fragments. Thus, the constitution of rhloionie
acld (XXI} and phleienclic acid (XXII) was shown te be as

follows:
COOH (Clip )yCHCBCR O (Qlg )pCOOR

xXT
CHp(# (CHg YoCH GHCHOE ( Clp JyC OUH

XX1x

The first publicatlion to report thas use of red lead
and slacial acetic so2id as the oxidiging erent Instesd of
lead tetrascetote was that of Hontignie (50). He warmed
cheolgrtarol with & mixture of red lead and scetic acid and
hoped to obtalm ketones. Altheupgh he iselated no hetones,
he obtalned & nmixture of secetules,.

gard (74)(75) aprlied this nmodifled procedure to the
oxnidation of eertain terpeness The terpene - = pinene,
diventene, terpinolsne or A-terpinene = « was digsclived in
gleclal acetic acld and the red lsad was slowly sdded. Te
found that the products obielined in this way were the zame
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ag those ohtained by using pure lead betreacetats s the
oxidizing apente Ward, howaver, peointed out that
the ratiec of low bolling to high belling socetates is
mueh higher when lead telrascstate s usced. Such
differences are to be expected because a number of
facteore differ where rod lead sad acetic seld are used,
Lome of these foobors incluode the aeldity of the soluw
tion, the latrcductlionm of waler frow the resctlon of
rod i@nﬁ and acetlie scid, and the presence of & sclid
phaas with seah sddition of 48 lead.
Thess silght differences in actlon abould not Yo observed in
the oxidation of «f=glyccla by this modifisd method since only
one mode of oxidation 18 possible, numely "plveel spl itting®.
In the csse of unsabureted compounds, 1t has already been
pointed out that several types of recctien can znd do take
place. Une resetlion night be favored over the otbey wmder
different condlitliens of soldity, porcentage of water cr the
prasence of a sgolid gﬁaﬁ%.

Aithough lead bLetrancoiate Is not AUficvlt te prerare,
1t ean only 8 sboped unler girlebiy andordrons corfiitions and
the usual nanipulntions of the labvoratory {(wel: ling, trens-
ferring, otc.) cuuse decouposition of ths substence to teve
plage. Solutlon of the coampound Lo be oxldized In glaclal
acetic acid and the addition of red lead In asmell portions
eliminate the necessity of isclating lead tetrascelsle,
thareby saving a grest deal of time and effort, As the lead
totrascestste ls formed, 1% 18 used up in tho oxldation. AsS
far as con bhe gsgerbalned, this method of oxidutlon has never
been ap lled wo cumpounds ecnisining thea/=glvecl group prior

to this investigation,



I, THEORETICAL

Hoshanian

Almost mll of the researeh abtitespting to elueidate
the meohanism of the oxidatien @fa(;g}ymmla #ith lead tetra-
agebate hsze been crrried out by Crisgee and hisz co-workers.

In 1081, Criegoe stuted (8) thut omly twe possible
reaction mechaniams for "glyeol splitting™ suggoested thome
solves to hime. Either the eoxidizing apent removed twe
hydrogon atoms frosm the hydroxyl groups (A) or iwe scetoxy
groups wers added on to the moleenle, analogous to the action
of lead tetrascebale on unssiturated ecmpoundes (T)(B).

) | )
(e O 'éﬁﬂﬁ -l -ilw O
| — | —d 1)\

{(A)

) (-',ﬂﬁ 1
(S OB > ~ﬁvﬁ@ﬁﬁﬁ5 -G O

| —7 + 2 CH,C00
(o (B e QO OCH wilg O

) Newr I

(B)

In the first cave, a diredical wos postulated so an intepe
medinte product shieh gculd forwm @ oyvglle coxide, alter s
dehyiropgenation hed tal'en plase, i the redond eage, mONG-
soetylated aldohydes or Lkeltcwner wore postulaied se the prie
mary resctien preduetss By spllittling et acebtlic aeld thaese
viclded tho corresponding earhonyl compounds.

The Aseigzion hetween the twe posnible meenanisnse was
grreived ad by 8 preseas of slim‘nation and not oy the proef

ef the validity of one mechanlsm or the othnor. In unpube
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lished work of Dimroth and his eow-gorlers, 1t “ed bheon shown
that in those crszes in whieh lead tetrasestote uslloudbtedly
actsd as a dehvdrosenating arent, soeh 25 1o the oxldiation of
hydpoxyanthragiinones to diauinones (14)(18), 1t moy he subw
atituted by s guincne of bigh oxidatlon potentisl sueh as

dichloroguninizarineguinone {(JI).

c/
c/

I

This guincne may be used not only te oxidize hydroguinene to
guinene dbub alsoe tr oxidlze l,4-d1nvdyonsphibolsne to naph~
thalene., If "zlyeol splitting® ware slse a dehyirogenation,
it should be peseible to carry 1t out by mears of this
guinone., It turned out, however, that thoas plyeols whieh
reacted with lead totrasestate wmeost repldly were unallected
by thiz guinone under condltions analogous to those umier
whiekh L,4-dihydronaphthalene was smocthly dehvdropensied.
Therefore, (rieges resscned, sinee mechanism A was slliminsted,
the curreset mocheniam was B,

It 18 obvious that an attsmpt to prove which mechanism
iz correet by legie rather than by experimental evidence is
erposing 1tsell to the eriticlsn that there are other poasible
mechanlams rather than ivat twe. In Ffact, it was later shown
by Crilggee that an entirely different wechanlan wrs the most

plavsiblie.
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In & later publicatiom (12), Criegee revised his ideaas
to &8 great sxtent concerning the remction mechaniam, This
revision of the reactlon mechanism was necessary for twe
reagons. Jlrat, the ¢id wechanisy 41d not erxplsain why eonly
frec glycols rescted with lead tetraacetate. I sither one
of the hydrexnyl groops was subostituted no oxidntion occurred,
Secend, 1f 1w bDaslis 0f ths wesction wes, a8 Oriepee sxpresasd
1t, the addition of twoe pascudchalogen at ms "moetoryl” to the
siaple C-~0 bond in glycols analogous to the seticn of leaed
tetrascetate on the double boads of olefinsg, it was Aiffi-
culd to understand wny the reacticn ran a0 ~uch more slowly
than the addition of trus halogens to the double bhond, He
coneluwied that the initial point of stiselk in the molsoule
must be in the hydroxyl greups themselves.

after extensive oxperimental work, Criesee and his
co-workers comoeluded that the fellowing sBerles of reo-tions

reprasented "glyecol splitting®.

| \
-Cm O «0mOmFR (00O ) g

! + Po(OCOCHR) g7 ) + CHyGOM {1)
wﬁl’-hﬁﬁ S wf".}wi’;%i

|

-»é-e»%(mm%&}m -t |

) > | N po({0C00Hg)p + CHgCOOR {2)
(o O ' -?ua d

|

{

-6-0 ( ) me=° < ) (3)

| Po (0Q0DOH, 4 + P {QCOCH, 3
. 3'e ~Gz0 3'8

!

feaetlon (1) was besed on the analegous resction
hetwesn lesd tatrascetate and monchydrie sleshels., Yeaction

(2) wns arrived at by & somewhat similar method of rec=ening,
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namely the ease of formstion of five membered rings in the
repctlons hotwseno(eglyccla and borle 26id, soetone and
arassno~acetie acid. As shown in Table II, cis«plvenls
rerct mueh mere rapldly than corvveaponding trens-iscmerd.
Thia shonld be the oage 12 thls mechanlsm 18 correect mince
ring clegures can talke place wore resdlly when the hyiroxyl
groups are adlscent in spape. Hazaction (3) ther followed
Prom tha firat two and indlceted how the saruonyl ccmpounds
wore forsied. It mey bhe seen that by conbining these three
sgqunblions the general eguotlion for "glyeol aplitting” may be
errived at, Thils resction mechanism wes corroborsted by very
extenslive atudles of roaction raies.

The speed ¢f "glycel aplitting” can be mensursd very
easlly by lodinetric titration. In scetic acld solution,
the resction follows the course of & bimoleculsr reactlon.
Teble II shows the velocity conetants in minutes at £20°C of
the glyocols studlied. The tavle 13 arrevced in order of de-
crensing spesd., In gll 22 compounds wvere examined,

The following ccnelusions may be drawn from this tables
(1) The spssd of oxidation of glycols varies sonslideradbly.
In some cazes the apsed Is as mueh ss £0,000,000 timen as
f28% a8 in others., (2) The spead of oxldation 1s uesuslly
extremely hishe This may be made slearer by sxsaining half
life times instead of velocity constants. Zalf of Ywe 29
compounds studlised had half 1life timw of one =tu-ty op less
gnd twonty-six hed half 1life values of one hour or less,
{3) It can te seen frow the table that the speed of oxidstion
is determined by steriec Influenees. In all cases, in lascmerle
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4 hyﬁrimﬁam@ﬁial;‘.a.*g*,,.«.: cle st B T 27,800
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£1 3 onoscotoneglutoB®sesssrssa? BLlIPhe 1 ses 3 D63
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32 ;3 Chels-tanetirlcolicsseesscsee? trarve @t & : 0,002
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pairas of glyecls, the cls-conpound resctad wuoh wers rapidly
than its transeisomer. In fect, lasd totrscestate hae boen
used to dintingulsh betwesn clse and Srevs~ Icorw of glyools
by meaauprerent of resction aspeed (2)s It may nlso be seen
on closer exmrnination that the Prutlio of veloglity eonstants
for facmerie palrs of plycocls (kﬁiﬁjkﬁw&ma) wne very wueh
greaster in the case of flve wme-tered ring glyeele then in
the onse of 2ix membered ring glyeola., Tiie Iz shown in
Table ITYI for sevaral pairs of cls-trans isomers. This
proparty of lead tetramecetate mey be used to Jdetersdne ring
sivg.

The role played by the agetic aeid in "glyeol splitiing®
is not merely that of a solvent., Atstic acid s represented
on the right side of both eguations (1) and {2). If the
mechanism is correct, the concentration of acetlie acid should
play sone part in the oxldation zince the equ!librium point
for bthese reactions wonid e dlsplaeed Lo the left by the
presence of scetle selid. Dilspleelng the equilibria in enuse
tiome (1) and {2} to the left, would have as an over=gll
effect the alowing down of "glyeol pplitting¥s, Whether this
is sotually 80 or not may be detorained by carrying out the
reaction in chenmieally Indifferent sclvents usling the same
coneentrations of dlel at the zame temporvebure and messuring
the half 1ife timesa., Table IV shows the half life times

using trens-cyclohexanediol at 20°C in various smoclvents.
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TARLE IV Solvent Palf Lile Tine in leconds

aseblic Acld 4340
Penzene 1.8

Hltrobensane 1.6
Diekleyasthane 1.1
Tatraohlorcethans De9

It ean be sson that the wés of reaction inm ehemieslly
Indifforamt golvents Az neny thougsnd times Paster thaen in
asatic acid., This fact has prastical aprliecatlion in those
eanas where the dealred oxidation goeg 50 slowly In sscetio
ac1d at 209 that elde rescticns sre commencing to take
place. Then an indifferent solvent mey be substliuted te
good advantage 30 the reactlion may go more radldly even at
room tempereture.

This new meschanism for "glyool eplitiling”, therefore,
s conslistent with gll the sxrerimental ovidence and haa
groat deal of sorroborative evidence in the Iisld of kinsties
ptudies to bear 1t ocute It may he seen now why 1t 1s nocas-
sery to have unsubstlituted hydroxyl groups. IP merely one
nydroexy)l proup woere unsuvbatituted, only the resction shown
in souation (1) meprezonting the firct Inbtermsdlsete, eould
take plaves It Ip S4fPlenlt Yo soc, heowev 1, how ring
gleoaure 2could tave vlace ss abown Tn exvabtlon {2). Xxpape
tmontal evidence benrs out the oot thet 18 sither ens of
the hydroxyl groups 1s subetltuted, "glyeel eplittlog™ does
not tale plnee.

In later publieastlions {(10)(11), ¢rileges added one
more Intermediate equation to the mechanism of "glyeel

splitting®s In the formaticn of the aldehydes or ketomes
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from the cyeliec ecompound with the elimination of lesd acetste,
as shown in equatiom (3), no reason was glven why there should
be a rupture of the C«0 bonds It was in this stage where the
sotunl cxidation cecurred, that iz, the lezd cranged In valence
from 4 to 2. An additional equation (Ja) was therefore proe
posed which involved & free diradiecals i equation took

the place of eguatlen (3] in the mechanism postulated previ~

ously.

{ \
-0=0 e G

| e (0CUCHz)g — ) + B {0COCHE ) (3a)
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The splitting out of lead goetate yislded, first, a l,4~di~
radical with free valences on the oxypen. Crieges had pree-
vicusly shown (10) that in all cases In which a l,4~tirediecal
ie formed or can be fommed, splitting of the molecule eosurs
betwesen atoms 2 and 3 (of. TE€)e In e slmilar manner, it was
reasonable to sssume that the cyclie intsrmedlate in Yglycel
splitting® yielded lead acetate and the carbonyl compounds
through the formation of a l,4-d1iredical.

Prosent Investipstion

it was the purvose of the preszent investigetlon to
study the action of red lead and acetic scid {lead tatra=-
acetate) on longy chaln hydroxviatad fatty scids, eosters and
alochols contaluning the =glyeel groups Compoumds suitable

for the preparetion of these hyiroxylaied compounds were thre
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relatively cheap and abundant frity selds, esteras and related
G Do s , Wﬁimﬁ eontained at lesst one ethylenie linkage.
The aterting =aterlals In thila investigation were oleie acid,
etnyl cliecate, olevyl slecohol, and castor oil. Various methods
of hyiroxylation were avallable but the method desoribed by
Hilditeh (33) enploying glaeclal aestle scid and 307 hydrogen
persoxide was found Bo he most generally apvliceble and most
dgnirable for sevaral rsazme, In the flrst place, most of
the unaaturetisd compounds wers solubleo in the glacisl scetic
acid«hyirosen porcxide soliubtien st the resctlon temrerstures.
Purthersore, the sanmes sclvent, rlsclal agetlc aeld, was used
in the prepsration of les? tetracestate Prom red lead and
for 1ta reasction with the hydroxylated eompoind. These elire
cunetances made 1t unnecessary tn isclate elther the hydroxy-
lated compound or tha lesd tetraacetaste. It was merely
necsssery o add the red lead in small portions to the bvdroxyw
laticn reactlicon alxture to which sufficlent scetle acid hed
been sédded to taks care of the red lead, The initisl portions
of red lsad zevved to deecmpose exoess hydrogen percxide, while
the ramalinder was nt!lized In the resction with the hydroxye
lated compound, By lsclating and purifying the hylroxyleted
compound , larger yilglds of the lesired aldehrpies wore obbained,
but it 48 A ubgful =haether the raln in yvield of aldehydes
ermrenaated For the additiensl expenditure of timo and materidls.
It is reverted, howevor, that €thls methed of bhydroxy-
lation ylelds some of the hyiroxy corpomt in re Torm of an
asabtviated derivetive, the persantore of acst loted deriva-

tive Incressing with the reacltlon tgnperature. These acety-



lated cdoerivatives are neb acicd urom b lesd tetrascebate
anl the vleld of aldehydes Is therafore Slminlsbed, The
parcentoge of acstyiated deriwvabtives may be hald o 2 minle
mum by cavrrylag cut the hydrcoxylatien 2% room Semperature
but sore then a week 18 requlred for the gsorpletlion of the
r@aétimm. The resctlon =ay be spesded up by healtling but 1ts
exothormle natures makes temperature conbtrol dif{leult, espe=
elally in large batehes, snd not caly is the perecentsge of
scobyvlated deorivative incresased dut the totel yiald of products
is decreassd hecauss cf execeszlve dec-umposition of the hydro~
gen percexide at the higher temperet ros,.

an impecved sethod of hydrozylation, beszsd on Hilditeh's
procedure, was doveloped wheraby it wes posalile to carry out
thea v&ﬁgzian'at =nlativaly low texperatures in o faw hiours.
At thie mare Ltins the proncrtions of adgebtlie acld and hvdrogen
perozxide to unsabturated ecmpound were msterially reduced and
the regovery of the prodiuet was crnalderebly a!mplifiéd¢ The
essentlinl 2ifference between Hilditeh'a awotvod of hylroxy=-
lation and the Lmproved method employed hare, was hat it vae
feund to e a Jdecided advantage to heat the asciution of glaw
cial ascstic seld and hy'rogen peroxide for cne hour at 20%-85°C
prior to adding it to the unsabtursted esowmpound, In the I1lditeh
procedure all three in:redlentz were =ized topether and then
heated, The tespersture went out of contrel very easlily when
the resction wae garvrried out 1In this woy.

Thore 1z little doubt that perecetic acid ~lavs some

part in ihe hydroxylation remetions Jts presence 1s indlcated



by its pecullar odor. Uvidence that perscetic acid plays
gome part ln the hydiroxylstion 1s shown by ths faet that
scetylated derivatives are formod, I pure dibydroxystearie
acid is bolled wilth a lesrgs exceng of zlaelal acetle acid
for some tlme, conparatively 1ttt le geetyiatlion takes pluce.
If peraceitie meld iIs nogtuleted ar plavinge acae part in the
nydroxylation, it can ve rsa’ily snen that the sdditleon of
peracetice aeld to the d-uble bond would result in scetylated
derlvatives being formsd. The addition of per-scides to double
bonds is characteristic of that class of substances. The
acetyl groups mey be hydrolyzed to yield pure dlhydrory come
pounda, Additional evidence that peracetic s¢id plays scme
part in the reactlicon 1ls shown by the fact that those szube
stences which accelsrate the decomposition of peracetic neid
cause a diminution in yield of hydroxylated product (33).

In the second or oxidation stage, the hyirexvlation
reaction mlixture waas dlluted with suffielent glacial acetie
gcid to make up the total guantity regulred or the purified
nydroxy eompound was dissolved iIn the required guantity of
glaciel zscetie peld, fed lemd wng then sdded In smsll pore
tiona, the lsad totraascetate thus produced rescted with the
long chain hydroxyiated compound to epllt the ecarbon chaln
between the carbon stoms to whieh the hyirexyvl grcups were
ettached, yielding two aldehydes. The veoiatile aldehydes
were usually recovered by steam distilliation of the reactlion
mixture. Irom the residus the nonwvolatllie aldehydes were
ususlly seperszted by extraction with other, Theose latter

woere difficult te purify in some cnses and it was found more



feanlible %o ox'ldize them te the correszsonding aeid which
could ke readlly purified,

w¥hen olzie rold wae oxidised by means  of d1lute alka=
line potesonivwm: pormanganste sclutiom oy hy means of hydrogen
peroxlde-placial acetle acid, the high or xaé mslting form
of 2,10-dihydrcxystearic aeld was prepursd. 4 word of ox-
pleration 18 necessary concerning the desiznutioms of "hight
and "low® selting fores for 9,10~ﬁ3hyﬂraxyﬁtaérie mefid, Yhen
the double bond in oclelc &cid is saturated by the 244 tiom of
twr hydroxyl groups, two ssymmebrice carbeon stoms are formed,
Tnese are indlested by asterisis in the formela for 9,10

dibydroxystearic acil shown Lelow,
Glig (CHig )y CBOR TR 0B (CHy ), G OCH

Slnre there arez two asymmetrie carborn atows, In thils scompound
there abould be four opticelly active {rrnz or two racenie
mixtures. 48 there la ne reagon for gayerustric gwynthesis
toling plaee 1n the hyldroxyletlon of the drudble bond, the
sroadust vasulting skhonld be epbleally inective, and should
hg the recenle form. 3Sush le the enasg, If the hwydrozzylatlionm
of alefe acid ie carrisd out by =mepna of alkslineg potsssivm
pormangenste, the racamie mizture resulting has a hirher
malting 7oint than the racemic mixture raauvliting frem the
hydroxylation of oleioc aeld by =zenns ¢f glacial sectle peld
and hydrosom rercxide, Therafrre, the racenie wixkure with
the nlgber melting polnt ls callaed thoe i b melting form and
the racesic wizture with the lower woltlng roint 1s called

ihe low wolting fera of 9,10«010yironystesrie geld, This



system Is slsc envleyed In connectlon with other hydrorge
leted compounds of & sinller tyve, €.g« those prepared from
oleyl alcohol, ethyl olecale, etce In the resetion with lesd
totrascetate, Loth the high and low wmeliing Tores of $,10=
dihydroxystoarlie acid gave exuetly the sams products in the
sa=e ylelds, as =ulight bes expecieds The ethyl ssters of these
substunces alsec roncted In the sane waye.

Thus, when ¥,10-dihydroxyatearic aeld was dissolved in
glacial acetlic aold end red lead added, the anldshydes were
obteined in about G0=-T0TY ylelds, Pelsrzonie aldehyde was
cbtalined éirectly from the steam dlstillete in over 0¥
purity, an! for further synthetle work coculd be used undise
tilled. 4zelale half slidehyde could only be purified by
vacuum distiliatlion whieh reaulted in a dlsinution In yield
since s rother larpe undigtillable rezidue resulbted on heating.
It was fomnd more feasible, usumzlly, to oxidize 1t bo azelsic
aaiﬁ which could be readily puriflied by recrystslllgatlon
from water.e 7The presgnce of the Cree csrboxyl proup ia cone
Janetlon with carbonyl feexnsd to have the effect ef eausing
the szelale nalf aldenhyde to uwnderyo vury rapld changes,
particularly on steam distilletion, wiieh prevented satis-
faotory furthsr treatment. 7This d1d not osccur with the ethyl
ester of azelale half sldehyle.

The ethyl ssters of the high and low melting forms of
9,10=dihydroxysteariec acid rescted with lead tetraacetabe
much nors smocthly tren the free acids glving relargoenie
aldchyde ard the ethyl ester of erelale ball aldehyde in

about 807 vields and in & very bigh state of purity.
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Fhen olale aelid and otnyl oloste were nydeoxylated
with pglacial sgetle zoid and hydirogen percxide, and red lead
added dlrectly to the reasstion zixture, pelaryonie sidshyde
wes obtained in about L5357 yi@;ﬁs,'bmaaﬁ on the unsaturated
compounds, These ylelda were aluost as good as the ylelds
obbained from the pure dibydroxy compomnkis, when the vields
of aldehydes were caloulated on the bamis of the unsabturated
cozpounds. ¥eo grelaie halfl aldehyde could be isolated from
the olelc geld resction mixture, although a amell amcust of
azelalc acld eould be obtained from 1L by oxidatlen. The
ethyl sater of agelale half aldebyde could be oblsinsd in
about a 12.54 yisld snd In a high stute of wurity by vaouvunm
diztilistion of the recetion nlxture ocbbalined in rhe cxidatiem
of sthyl cleate. The yleld was quite smull, howover, and 1%
wes mors Taasible to mva*,%@ this ester Irom purs obl vl dihye
droxystsarate.

If one iz inberoted solely in velsrpoclie sllabde, 1t
can be prapoared most readlily fros the unsalurated sompound aa
descrlibed above, without isolating the intermediate hydroxyw
leted compound. The unresryatalllzed 8,10-dlhwiroxystesrie
acid mny be oxldized directly with lead teirsacctsts. The
yicld of pelargonic aldehyde, based on olele acid asz the
sbarting materlal, was sowewhat higher than the ylald inm those
experiments in which the hypivoxy eompound was not lsclated,

g inece heres the scetyl g?ﬂuﬁu vere nodrolysed prlor Lo the
lead tetrastctate oxldetions Azelelc scld wus obialnsd In

cozparatively amsall vyleld.
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eular refractivity data. Yvolecular refractivities wore de-
berslined on the sldepvde and ibs sorresvonding acld and the

values wers Found to eheel with the thecretical for the une

saturated compounds and not for the hylrexy eruprunds. The
2,4=dinttrophenyihriirazone end semiserbazeone wore nrepared
from the aldsbyde, anx?! the arnide ard p=browmopheracyl ecvter
from the seld. The aoiting points of wli 8+ 188 were chbained
and all ths eompoumie wore eargf lly analyred., The melting
polints of the derivativas ware found to cheek the melting
noints of the derivatives reccoried I Lhe 1§ta?aﬁwr@ for
A~nonernnidehyde and Kencnencle acld rrepared Ly totally
diffavrert meana, The analyses shec'nd clessely with the
theovetical fror the unaaturated aldohyde and acld, There
wag little deubt, therofera, that the volatile sldehide
prepared from trihvdrozystecrie acld was ofencnensidehyde
and not auhyérﬁ@ywﬁlawgmﬂia aldshyde., The yvield of the
aldenyde from trihviroxystasrie acld was aboul 709, Aszelale
acld eeuld he obtoined from the residue in ahout 577 vield,
In eemnectlion with en 1nve-tisstion of the constitubtiom
of gertaln fatty aclds prenment in sork, twe Iuvortissters (78)
had the oecasieon to prepare 9,10,18«trivyiroxyatecrie neld
from rieinolele scid. They ox'dized this hipfioxy gold w&ﬁh#
lend totraso~tote and ohtained &n cldeatyde which tuag'mﬁrély
stuted wes Je-hyiroxypelarpom’e nldehyde and which would be
expscted since the atructure of r’elncleis pceld wes hnown.
¥e analytical date were glven for €01g aldehyie or for its
2,4-A1nltrophenyihvirasone vhose meltirg polint eus revorted.

Tt meems alnost cevitein that the sldehvde they cobtalired wes



i 1)

Kwnopenaldehyde sinoe they used ths sane starting meterial
vaad in this Investigstiom, and the melting point of thelr
2d=dinitrophenyihyirazone e¢hecked the 261ltluy polnt of the
2,4~dinitrovhienyvihydrazong prerared in the present investie
gation, Fortonmataly, the conelusicns they drew In thelr
publication were waflected by the actuel streeture of the
aldehyde.

Caster ol alsc yleldedo{snonensldshydie in the exida~
tlom with red lead and acetlic aold. Approximaioly 16 rrams
of (~ncnensldervde and © grams of azelslc seld were cbtalined
from 100 greams of castoer oll., In the cuze of saslcr o1l it
was more Geonlenble to hydroxslisbta and then oxidize withoub
Isclating the iﬁﬁ@?fﬁﬁfﬁt& Hydooylated wtarlal becsure all
abtlte.pbe o npdrelyze the neebyl proore added drualag the

hydroxyiation resuvlited in glryoeride Lydrelivs’s and because

thore was nge wmethod of purifylirg the bydrcxyleted material
onee 1t wos isolsted. Ilyceride “yirolysis ils wwlasirable
hesause oxldaticn of the nomwvolatils rezilus sszomed to pro-
eased wmors satisfactorily when the carboxyl group was ssteris
fied, (astor @il wag the leat staritin: saterlal for the
proparation of ~nonenaldehiyie Locuuse the Lost ovaresll yislds
wera obtalned from 1t and no intermediste hydroxylated aome
peund had to be leclated.

The preparation of e(encnenaldshyde Irom §,10,18«trle
hydroxystearie seld and from hydroxylated cester oil wan
somewhet unexvected slince all the oxidnti ms of Loyivoxylated
compounds with lead tetrascotate re orted Lo tie literature

resulted only in glycol splitbing without any side resections,
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Also, no unusual behavior had been cbserved In the cxidations
of 9,10=-dinydroxystearie geld and its athyl scter, €,10-d1e
bydroxyoctadecanol=l and in the sther oxldaticna rercrted
heres 9;1§wﬁihyﬁrwxyaataﬁacamal»k, whieh eantalos an hydroxyl
group in addition to the geglyeol sroun, 414 not yleld an
unzaburated aldebyde upon oxldatione. It aserz wsascrathle te
assums, therefcre, that o noremal tyve of aelisalon aceurred

in the oxidaticons of 9,10,12«trihvdrozyetenrlao actd and
hydroxylated custor o1ls The hydroxyaldehyde thus prevored
contained an bhydroxyl group &a.ﬁhﬁ/@npmaitiﬂn and beasuse

the o ~hyirogen atoms in sldehydes are partic:larly resctive,
denydration to yield %%00(’4*mﬁ%aﬁﬁfﬁtad aldehyde could
reasonably have occurred. In the 1lisht of this thoory conw-
gorming the formation ﬁfa&gn@m@malﬁ@%yﬁa, it may be soalely
stated thaet lead tetrsacetates (prersred and wtilized "in situ®)
reacts with hydroxviated fobty aclds, snters sn? related come
pounds in a wmennery analoreuns ¥o that »ravie:sly mavorbted foy
the sction of lerd teotramcetate on hyirazylated comnounds,

and the meehanliam provesed by Oriecee an? hiz ge-warlaors {10)

(311)}{12) may be aprlied without alter-%’on,
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™n this investigstlon, the oleic noild used was of
TSP rrade and was rarksted 2z olive elaine. The oleyl
alechel was alse of prod gualibty and wes 2 pale well liquid
heving o pleasent fotty odor. The eothyl oleate emploved was
the "astman Fodak Prectioal grade. The castor o1l was n
solorless ¢ll of V.8.P, gradea. Boms of the chomical propere

tles of thesns subsiances ara tebulnted im Toble V.

TABLE ¥ PROTEFTIVE OF MATERIALS vEwD
] [
tHeut s Egulv, :taﬁins ¥o. I Saponification
3 , ¢ ¢t Bogulvalent
3 3 3 : ' :
t Found ¥ CalesFPoundilale. ¢ Voumd 13 ﬂalm.
: 3 3 H H :

o 2 t ] ? : [

Dleiec Acld 3 260 t 2802 1 91,892 88,0 § san ! asse
g ' ] H H :
t : 3 : g :

Oleyl Alcohol t s I ses § BTaB1 04.8 T ene  ken

. $ $ K H ) : :

[ f F $ t ¢

Bithyl Cinote ! ewe I osse 3 TUN09 0l.B : BOB : 310
] t t 5 H :
: : s 5 H z

Cestor C11 I wae I sse § 64,07 B2=801 179951 17T7-1074
H 4 z g ] 1

2

#Haroillieation Jumber

Tem mad lspd uned was p {727 powdered ornmesveial
product whileh contained not less than 857 fbzlgs All the
other crnemicals used ware of C.P. or snalytical reagent
guality.

ALY melting polinbts verorted are eorr-ected velnes.

Corbuations were run using the epparatus dssceribed

by Phililps and Hellbaeh (B5%).
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Fopr eonvenience, the discussion releting to the oxie
dations of hydirexy compounds with lead tetraccetate may bLe
divided inte three parts, (1) oxidations In which: pure hy-
droxy compounds were used, (8) oxideticns 1n wshieh the hy-

drexy compounds were isclated but not purified, ard (3) oxile

dations in which the hydroxy comprunds wers ox'dlzed withoub

being isolated {rom the hydroexyiaticn mixture.

{xidetlons in whieh pure hviroxy cospounds were nsed,

Proparetion of 9,10-Dinydroxvstearie Aeid (High Yeltingl:

Cl g (CHg )ryCH= CH (Clig JpCOM Olele Acid
Cﬁﬁ(ﬁﬁ%)vﬁﬂmﬁiﬂmgjvaﬁﬂ% 95 10=Dinydroxystearie
1| aeld
O oH
This substance was preparsd eszent iy accordlns bo

the methods of Le Sueur (4B) end Jeybzelr (82).

126 grams of clele acld (.48 mole) vse dizaclived in
1100 ce. of water comtulning 38 grems of potassium hydroxide
{68 mole)s The scolution was well stirred sald senled to 09,
hesenming guite viseous at trhis stage. By means of s dropping
funnel, o seolution contalnlng 3.4?; ffff prams of potassium porsans
panate (.80 mole) in 1900 coe of waler was &dded slcwiy. Ab
no time was the tempersture allowed Yo rise azove 0% and
the stlrring was denpt very repld throushout. After all the
pormanganate had been addad ithe stlrring was continucd untll
the resctlion had resched reom Lonpoerablure. The o caction mixe
ture was then allowed to stand overnigub Lo permilt the ¢ow

ezulation of the wmenganeass diloxide.s The preclipliate of mene
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gsanesc divzide wes Slltored pnd waahod gevorsl times wilith
boliiug watore .0 ordor to romove all the son frem the mane
ganass dioxlde, 1t was neseanary o hransfer (he prenipitate
te a lapge beaker, add Dolling water anl stle the mixture well,.
This was Tiltered end the caveona Bo “tion wad o ubired with
the sain flltrate. The comblined Filirates were conled to gbout
100C s acldifisd with d1lute sulfurie seld. “he ouvrdy, white
pracipitate of 9,10-dlhpdroxysitearie sell waes filtered by
suction, washed with cold water seversl tires to revwove exvess
gulfuric acld end suched ns dry ss pessible. Tt was reorya-
tellized from 267 athyl alechol oy ethyl acebate.

Yield: 57 groms or 407

Tentralizedion Douivelent: Pound BLE=320
Cale.{CioHzglg) 316

Nelting point: 129-130°C TLiterature 130,5«131°C (62}
frevavation of ©,10-~Uihydroxyatearie aoid(low Halbtlingl:

Chm{CHe ) qUlaCl (g )y U 0OR Cieie Acid
{Eewsor) o cugoom

&ﬂgiﬁgg)?$HQ${&ﬁg)?ﬁwwﬁ @,iﬂwﬁi?gﬂrﬁxyateari@
éﬁ ol “

This substance was prepared by a nodiflieation of the
method deseribed by ilditeh (33).

B&7 grams of 805 hydrogen peroxids (8.0foles) was dig-
solved in 1800 ¢c. of glaclal acstie acid at room temperature
and heated on the steam bath for ome hour at 80-85°C, This
solution was cooled under the tap to about ESLGC and 708 grams
of clele neld(2,5 moles) was added, The seolution was stirred

occasionally by hand, The resotion was excthermie snd the
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temperature rose rerldly be shout 8890, the seclution becoming
homogeneous about that time. The temperature sontinuved te
rise slowly to & meximm of about 78°C. The snlution was
then slliowed Lo conl to room btemperature. The exothermic
reaction eontinued for some time zafter the wmexizimm termnepes
ture was renced as evidenced by the oot thet the tamye?&w
tuare fell very slowiye The reactlon vizture mus gllowed to
gtend overnight. It wgs filltored free of z wexy sclid prior
to its being powred inte hot water, slthoush thils weas not
Pound to Le essentizsl, The mixturs was then poured into
8000 ec, of hot water and the whole well shaken. After g
¢loan sevarction Inte ten &ﬁ?@?ﬁ had heen obtslinad, the
aquecus layer was slvhoned off, e rea’dunl 0ll was dise
solved in 4000 oo, of water econtsining 750 ¢c. of 6 ¥ sodium
hydroxide and heated feor about two hiours on the stoam bsth
to hydrolyze the acetyl gronps added during the course of the
roeactions For convenience 1In handling, the solution was di-
vided inte twe parts and the dihydroxvatearic acld presiple
tated by macns of 6§ ¥ hedroohloric seld whille the zsolntions
ware 82111 hot. The mixtuorss were cocled until the 4dihgdroxy-
gtearie neld fleating on ths surface had sollidiffed, The
lewsr agueoune lavera were relected, The scild caken were
corbingd and remelied in 3000 ec. of hot water contoining

8 #mall smount of hydreoeklerie scid and the mizture was then
trorouzhly etirved. This washing with wster wes found o be
gesenticl for the vresperation of & »ure vroduoed beesuse 1b
reroved Inorgenies salls and soap which wore mechanieally

tneluded in the dinhvdroxystearie seld and which eonld net be
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removad by subseguent reorystnliigetions, Omission of this
step vielded a product with & neutrsiizatlion eguiveient from
forty to aixty unite teo highs The oll weg wmgaln allicwsd So
separate ard gclidifye The dihyvirczvetesarie aold woe 22p8-

reted from the aqueous laver and reerystelllized from 95¢ ethyl

alcohol.

Yield: 353 grems or 4579

Heutrallization Equivalent: Found 514-320
Calo.(C1alzgCg) 316

Hslting peiﬁt:' 85-01%¢ Literature $8°C (33)

Freparation of E%hyl‘leﬁubiayﬁrﬁxgaﬁﬁaratﬁ(%ig& Yealting):

Thie eompound was prepared frosm the dried, unrseryaw
tallized Migh melting %,1®~ﬁi%§@fﬂﬁ§&ﬁﬁawiﬁ seld whase svne
thasis was desoribed previously,.

The erude dinydroxyatenrie acld prepmrsd froa 158 grase
of ololc acld (487 mole) wns dlaosclivad fn 500 ge. of het 957
ebhyl alechol, and 500 ce, of carbon teitrachleride and B grams
of concentrated sulfuric acid were added. The sciution wes
slowly distilled through a long Vigreux eolumn into a BOO o,
geparatory funnel wntil aboub 880 co. of diatillate had been
sollested. The dfat!llnte came over at 62°C an! wes 2 ternary
=ixture of ethyl szlechol, carbom tetrachlonride and water (B4).
The distlilliate seprarated Inteo two layers in the separctory
funnel. The upner layer conslsted of 657 ethyl alechol, 28
wabter end 107 carbon totrachiloride. The lewar laver ecnsisted
of carbon telrasehloride, ethyl alcolol and smell amoumbes of
weiter. Thue lowsr layoer was drawn off aad dried fer a few

minubes over anbhydrous potassiws carbonate and returnad Bo the
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svatems The relatively small upper lover wes dligearded, This
procees was continued urtil twe lavers ne longor forzed, ‘The
‘single laver was then drled and returned In the name vay, The

progess was contivued wntll no more Hurbkid drops cone cvar,

This was considered the and of the reastion. The totasl time
for the resctlon verled with the ameovmt of weler ‘v the Alw
hydroxyastearie acld and the slze of the bateh., harn tha rewm
getion was complete ghout BOO ec. of 21ab1llzts won neollaected.
The residus in the dlstlillation flsak wee £1ltered hoedt and the
filtrate waa chilled in the refrigerctor. A whlte, cpparently
amerphous 80lld separated on ccolling. It was reervetallized
from 95% ethyl alochol.

Yield: 90 grams or 397 (Sesed on elele soid)

Saponification Boudvalent: Tound T49
Cales (CoplignCs) 344

¥elting polnt: 95~86°C Literature 99°C (68)

Preparation of Tthyl 2,10-Dihvdroxgabsurate (Tow %nlting}:

. by

Thils estsr wns rrepared from the srude, wmrooryasbale
11ved low weltlng divydroxyataarie aeld, the prevaratlion of
which has eglr=eady been Jdesoribed. Tt wan propared in almeoad
the ssre wey s the Nigh »olbtlong orter, The anly verfotion
in the proeedurs wsa necegslioted by the foeot that &h's estor
is mora goindble In glechol than the 215 welting compound,
The res’due In the 4ilstillation flask woeg P1ltered Lot at the
oendl of the reaction after £30 eg. of A12t11late had baon eol=

lected, tnt on Trelny eoocled a very noor vleld of astsr was

s

%

obtained hrecanse of its Nligh soluhility in ¥yl slechel. It

war neceganry to rehaest ths zolutiorn to boll'ag and add hod
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wator wntll the seiulion was allgnhitly turdid, Alechol was
then added wuntll the sclubion was clear and sufflclient aleo~
nel was odded in excess 80 that the ester came out of solutiom
i tha eryubelllice state Insboad of an o1l on belng e illsd,
The sobar was recryatellised In the sawne fashion uslng & small
guantity of lareco, It foraed small wirite erystals.

Yield: 49 prame or 297 (Based on 141 grams of oleie acld)

Seponification Fquivalent: Found 47
Calce. (fxﬁ{ﬁﬁf A0 C’é ) Sdd

Zelting pelnbt 56.5-80.89C Literature 5o-80°9C (86)

rroperation of 9,10-Tibydroxyoctadesanol-l(low “elting)t

gﬂg(ﬂﬂg)?ﬁﬁzﬁﬂ(ﬁﬁg)qﬁﬁgﬁﬁ Cleyl Aleohgl
.L HEpln(307) < Ozl 00N

CHg(Clig JyCHCH (CHg ) o0H o 01 9,10=Dinydroxy=
cl:wﬁ \oH ' cotadooancliel

This iribydrie aleoheol was prepared by the method of
Collin and BFilditeh (6) emploving the {mprovewents dessnribed
under the preparation of the low zelting 9,10-d1hvivorystearie
agid.,

288 grams of 307 nyivegen nesroxide (2.0 mcles) was
digsolved In 720 ec. of placial acstle neld sl reoom tempera-
ture end heated on the atear buthk Tor ong haur at A0.8897,
The solution waa then geolad under the tar to shont 290 ard
2605.8 grams of eleyl aleohol (1.0 mele) was added. The sow
lution was stirrsd cecesslonally by hend., The msactlon was
ortrenoly sxothermie, the tewparature rlaing very rapidly te

68°C, at wnlch time the solutiom bacams homogzenocus. The
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temperature eonbinued to rise o about 7890 where 1t romgined
for aome time gand thon fell very slowliy. After stending overw
night, the selutlcon wes poured into 2400 ve, of hot wiler and
sbirred well., The lower agueous lever wos sinhoned off afber
g olean cut zeprerastlen into two layvers had besn cbhialnad. The
roasidual ¢il wss neutrslized with 1 ¥ sleokelie potasoium hye
droxide and a one llter excess wee added. This alkal’ne so-
Intion was refliumed for two hours. The alechel wes svaporated
and the product was throwm oub 88 an oil by the sdditlon of
L2000 eo, of bot water. In one erperiwent the use of ecold
wator to precivitate the alechel resulted in the Tormebion

of & thick emulsionm which eould mobt be filtered erd orold

‘be handled enly with grest Aiffieulty. The =ixture wis well

st to rencve ap much alvell an %@ﬂ%l%l&?frﬁﬁ tre oll and
then alliowed to cocl unbil the 1l hat g 184 e, "he lower
sguecus layer was »oured off an? the rolld gr’e wag remslted
and stirred with hot water, Thiz wss allowed ton ~erd nnd the
01l to solidify. The solildified produek, which wae yvellows
brown in color, wus bLroken Inte smell pleces, trarasflerred te
a large dish, and allowed to d¢ry in the air. Tt wer thon ro-
eryatalliged once from ethyl acet-te usiny Derco. A wite
eryatnlline product was thue ebtained, & rupsr rroMucl way
be obtained by an sdditiemsl recrystallization. Yer the
parposes of this favestiestion thia weas unnecearsry,

Yields 138 rrams or 487

¥elbing volnt: T3-75°C ilterature £2-92.70C {6)
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Prosorebion of 9,00, 10-Trirw vogy ton=ie nid(Low Yelting):

Zince the ssnples of ricinclelie seld at our disvposal
had undergone so meny internal changes, czstor ofl was used
88 the sterting materdsl. ihis wad an sdvantsge since i1t
would have been necessary tov hydirelyze ithe castor oil to Ob-
tain 2 good sample of rieinolesie acid, and then, after the
hvdrexylation, to hydrelyse the acstylated hvdroxy compound
in order to obtain the free trihydroxy ocmpouni. Using
castor oll as the starting msterial, one hiyirolymlis served
t¢ hydrelyze the acetyl groups amnd saponify the glyceride.

228 gross of 307 hydrogen peroxide (2.0 moles) and
820 occs of glacial asceile aeld wore mixed and heated together
for one hour ut 30=G6%C. The sclution was ecolsd under the
tap 0 £85°C and 311 graze of castor cil {eprroximately .33
moele of trliricinelieln) was added. The =mixture was atirred
cocssionally by hands The tempersture rose rapldly © about
70P0 at which peint the solution bHecare homorenecus. The
temperaturs of the rescitlion wmixture fell sicwly end the
scolubion was zlicwed to stand overnight, The acetic soid
wss remcved by stesn distillstion and the residual white,
viscous oll wos refluxed for twe hours with 1000 ce. of 10%
sofilum hydroxide solutlen, The solution wes Shen seidified
while hot with diinte suliurie acld. The ¥,10,12-trihyiroxy-
stearice acld separated out a8 an o0il gnd solidilied as a
light brown aclid on eooling. The diowsr BQUBSOUs layer wus
poured asway, the sclid remelted with Delilng waber and the

whele stirred, inough sulfurie seid was added mo that the
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oll floated on the surfede of ihe solublions The mixture was
again allowed to sool and the lowsy agueous layer waee dig-
carded, The solld cave wes dlszolved ln kot 28% ethyl aleochol,
Dareo added and (he mizbtore §1ltered hobe The alechelie faoe
Intion was allowed ©o eorl glowly ond the amall ehite orystals
£ 9,10, A8=tr it dvoxystouric acld wore Tlitered off and dried.
Tt im important €o aveid using too wuch ebhyl alicehsl 4in the
recryatallination since the zsld is Ialvrly selukle in this
gsolvent.
Yield: 92 grams or ap roximately 287

Heutrallizetlon Zeulvalent: Found &B7
Calﬁ,‘éﬁlﬁﬁaeeg) 332

velting Peinb: 108-109%C Literature 110-1119C (30)
Icdine Humber: .6.9

The gueztion arose latsr on In this irnvestigation
whether the above mentieoned methed of hydirozvletisn of essbor
oil caused a dehydration te btake pleace gplitting outr wnter
botweon cerbons ﬁwalw and thirteen, bvecsuze 1n the subassgusnt
lead tetrescotate oxidatlon of this hydroxy compound olernonone
sldehrie wes cobbained instead of the expeopted MWW?%MW
ponie sidehydes It seems avident freom the lodine number of
the above produed that 1t is cornledaly goturatad, The nege
trelization eguivalent and meliing point heny out the fact
that the compowmd 18 9,10,18«tribvirozyatearic acld. The do-
hyiration, thersfore, wmust occeur st some later staye snd not

&uring the hvdrexylation.
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onidizliop sapent Prom the solubtlon snd the atlrring wos then
stonreds. The recsetion sizture wss weried up in elther of the
Fellowive twe woyad  {(1)The vreactien wizture wes &iluted with
B0 en, of water and stean d1sbilled until ne more olly drops
ene over, The disttllste van axiveoted ¢tk ethor, ihe ether
golution woshad twice with wator, then with & 3o ution of

ot 41mm hiear@wmg%@ ( ¢ crans/100 ce. of water ) umtil the lower
srusoug lover was nllaline, and then with watsr until the wash~
Troa were novkral. The ether soluticn was dried over anhyw
Areua eslelium sulfote and Cilterod. The ether wae evaporated
undasr redveed presaure. The rexlidue consisted »f a evlorlesa
o1l with g sharp, althowh =aot 'mylecsant, odor, This oil
rroved to e relorronle aldehyde. The steam diatillstion
»antfpe wos eocled dewn to room bemperature ond extrsoted with
ether, Tha ether solubtion wse washed with waler w ill {ree

~f lead and acetie aeid gnd drisd over snhydrous calcium sule

Pri@e Tha esthor solvtien wea filtered an?! the ether avapo-

reted undar raduced pressure. The rvesldue wes  pale yellow
yviscens oil which scitdified en ccolinge This provad to be
moinly azelalec half sldehyde (H=formylel=cctancic acid)e

{2) The aslternate motbred of working up ihe resctlion sclution
wus te Ailute 1t with 500 oe. of water and extract 1t twice
with 500 eco. pertions of sther. The combined ether asclutions
wore wastad elth woter until free of lead and sootlic aeid and
Avtad ryver ant drous caleiom selfate., The sc.utiocn was file-
toved an? the ather eveporsted under reduced pressucre. The
raridue woa 2 pele yellow Limpid <1l. This oll was ochilled

tn tbhe refrlperateor 4o ahout «10%9C to throw out the azelals
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aeid formed by the avtoe-oxldutlen of the arelele balf aldehiyde.
This precipitate was Filtered off and wsehed with s smell
pacunt of petreleuws etber, whleh Jlgsclved zrall sommts of

adherln: oldehydes without &fsgolvingy any azelsie aeld, The

azsielc acld wea further purified by recryvetalilzaklon frem

kot waters. The residual ¢ll from the azelsie relid sepapstion
wud then vasuun dlstlillied . iwisng o elesn oul sepersiieom of

the tee aldehypden, I wery pure products woere denired a vew
cuum distiliction of the saldenydes wsaz caseqtlisl. However,

for most purposes, the aldehydes se preparsd by methed (1)

ware pure anough end could be iscisted in g shorter time.

The following ezsamples serve to show the vields of

products obtained by the twe methods of isolating the aldehydes.
Taploying the first methed describved, 80 graza of palarponie
aldehyde (717 yield) and 82 graws of arelsle halfl sldebyle
{647 31814} were cbbained from 63,2 grans of 9,10« dihydrex
deporived, 63.2

S s

staasrie aeld. Hmploying the sevond method
grema of §,10-dihvdroxystesric aeld ylelded 4 ;rams of mzew
laie aeid snd 56 pgreams of ©ll o be veouum distillieds. The

fractions obtained and thelyr bolling ranges ars shicwn below.

§ Boliing Tenp® § nt, In Crane § ldentity

3 H :
: 3 SB=809C/18 » 4 : nllgntiTied

- WOEL/ L5 b1 T e lareonie
- \ - _ : aldehyde (877 yisgld)
At this point the temporsture bogan to fell and then shot wup
rapidly.

'3 . '
3 t145=168%0/18 mms 8 t Pelargonie ioid
3 3 g , :
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“he texpernture Foll arein st fhis peint and then rose sspin

vary raepidly.

E‘Iﬁ%{&“ﬁélm i C‘iﬁpi,}';i":";ﬁ: Hanse T T, in Troas 3 GGk Tty

: : :
4 ¢ 105=197%0/18me 2 14 : azelale Malf

: * : sifoiyte (417 yield)
: : t

dgoicdue 5 : a :

Tendensate 3 F ;

in dry ice : : & :

trap z 3 s

The 1dentity of the warlsous products chlained was
deteruined in the following ways:
Pelaryonie Aldehyde. As isolatsd by steam distile

lntion, 1t was found to centain apyroximstely 947 pelargonie
aldehyde determined by the hydroxylamine hydrochloride method
(68)s %When thia meterial was purifisd by vacuusn Jletillation
or laclated by vecwm digtilliation according te mathed (2},
1t was found to contain aprroximately €8-1007 pelargonie
aldghyds,

ihe oxime was prepured according to the wmethod of

mecard (1), and was reerystallized twice Irom petroloum

ether. It formed long, flat, colorless needles. Teliing
point 82-63°C, Litersture 64°¢ (1)e

The Z,4=-dinitroghenylhydrazone was p@%pﬁ?@d in the
manner described by Shriner and Fuson (67). It was recryse
tellized twice from 987 ethyl slcohol and was obtained 1in
almost guantitative yileld a2 long,solden yvellow needlies.
Yelting point 106-106,8%C. Literature 106~108.4°C (82).
Hesause of some smbiguity in the litersture concerning the

malﬁﬂng polnt of this derivstive, carbon and hydreogen snalyses



wars m™Mmine.

Foynd @ Carbon 55,87 Hydropen 6.93
' BEL.H 3« 90

nlGes {Cyptionlglig) B e 8 .08

B2 mrewe of pelargomic 2ldebyids, on Belong smoratead fop
Gnloes (Oypptionlalig)
four hours ln the serstor described by Senseman sod Stubbs
{65), was couvertsd to pelarronie acid in %47 yisld, The
reuollion was qulite skolhasrule, the Lonporeiure rising from
28 to 48% in a short time. 7o sersbion nixture was vew
suun distilled yleldling purs pelargoale aseid., Dolling poink
142-150°0/13 mm (40). Eelting point 11-12%C (89)e The pe
broamophenacsyl ester of this acid wes preps. ed aceording teo
the method of Hann, keid snpd Jumieson (8D) and formed pearly
flakes which melbed st 64-885°C (BE) aficr itwe reerystalllzae
ticpns from $8% ethyl mlechel. Iliterzture 65.8°0 (56).

The seratlion uixture need not be vecuum diutilled bo
purify the pelargonic asld in oxder to prepare eithyl pelape
gonate Trom 1t., The rescilon mixbture was dlascived in a
large excess of 957 ethyl aleobol which contained 17 conconw
trated evlifuriec acld and was refluged for three hours. The
solutlon was washed with water until free of gulfurie scld,
wvaahed with sodium bleosrbonate soiuvtloen wntll free of pelarw
gonie gelid and with water untll neutral. The oll wus dried
over anhydrous salelwm sulfate, {iltered and voeuw dlstllled .
£thyl pelergenate wes isolated in a 600 yleld., It was &
eolorless limpid o1l with & pleasant {rulty odor pluilar to
apprle clder.

Seporificetion dguivalent: Found 1883166
Calos (C318pplgl) 1868.3
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Pelarpgenie Aeld. Thia substance was not o vrimary

produet of the oxidatlen resction but waes obtalined because
of the ssse of avtowoxidation of pelargenie aldehrde. This
acid was identified ss desscrived under pelargenic aldehyde
by means of its melting point, bolling renge, the melting
point of 1ts p-bromorhenascyl extsr and the bolling range end
saponification equivalent of i{ta ethyl estor,.

Azelale Ualf aldehyde, This subatance wes very prone

to underge spontenecus polymerization {(43). Fravious invese
tigations bhave Indieated the A17fleulity in worling with this
compound because of 1ts extrexe Lustabllity (Z1){(27)(20).
T™his same difiieulty was met here and It was Impossible teo
ksep this aldehyde for eny length of time before 1t hocsme
worthless for any further use. It wsz bast puriflied by vaw
cuws distillation. Bolling point 185-197°C/15 mm, (21).
Vacunm distillation resulted in & desresse in wyield of this
aldehyds since hesating accelerated 1ts polyzerizZation and
decompositions in ecooling, it formed a& white amerphous mass,
Melting point 40-420C, Literature 38°C (43).
Houbtralizsation BEguilvalentt: Found phid
Cale. {Cgilygln) 198

The sexicarberone of thisa aldehlvde was prepured (67)
and waa obizined ns 2 whites powder on recpyatallizstion from
ethyl alechol. Meltinagz point 161«188°C, ILiterature 1629,
183%c (21)(R7).

roem one mole of dihviroxystenrlie acid, 130 prous of
gpelale haelf aldehyde was Iiscolated by the atesam “istilintion

mothod deacribed abovee This meterisgl wes Ailszaolived in s
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8light excesas of 57 sodfvm hydroxide solutlon so that the

PH was B8=-P, #ith vory repid stirping, a sclution of 237 prams
(1.5 noles) of potusaium persanganate in 2640 cec. of water was
added all at once. The solution tended to foam over in some
sxparinents and & small amount of bengene was used to break
the foam, 1r necessary, The tempersturs ross guite rapldly
to 789, The stirring was continued For 1§ wminutes alfter the
permanganate color had dilsapresared. The oxidation nixture
was sllowsd to zéand overnight to permait the settling and
congulation of the mangenese dloxide to take place. The man-
ganase dloxide wos Filltered off and washed geveral times with
small pertions of bolling water. The prseipitate wos trans-
ferred to & large beaker and stirrsed up with about ome liter
of bolling wabter. Thiz was flltersed off amd the [litrate
combined with the main filtrate. The sciution was evaporated
t¢ sbout three liters mnd meidified while hot with dilute
sulfuric acid, A pale yellow oll was thrown out, and the
mixbure was {iltered. Lost of the ©ll was rebained by the
filter paper., The smsll guentlity of ¢ill which peysed through
the filter was rvemoved by boiling the filtrste with o smell
guantity of Dercos. The solution was refiltered and alleowed
to coocl In the refrigeratore The crystals of azelale acid
were fillterad off, weahed with cold weter untlil free of sule
furle aclid and recrystallized from hot water, The arzelpie
acld welphed 47 grams (257 yield based on dihydiroxystearie
seld), and melted at 104-106°%C. 4 mixed molting point with
an avthentie spescimen of azelaie meld was unchanged,

All attempts te exldize the half sldehyde with hydrogen
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peroxide were un#suceesaful with the aldehvde dlasclved in
either sodius hyiroxide, sodium carbenstie, scdium bilcarbenate
or acetlic aeld solution. Only extrecely swall amounts of
azelalic neld could be oblalned,.

Azelale Aecid. This substgnoe wes alszo a secondary

profduct of the resction and wee lsolated ss indicated under
method (2). Purification was effected by dissolving the
agelaic scld in hot water containing & swmall guantity of
mérﬁu, filtering and allowing the aszelnie acid to erystallize
slowly. IbV formed large, flat, pearly flakes. Heldlng point
194~1G§°@. A mixed melbing point with an suthentie sample
geve no depreagsion.

Oxidation ef Ethyl 9,10-Dihydroxystearate with led Iead and
Acetie 4oid:

(H 5 { CHig ), CHOR (CH,_ ), COOC K, Ethyl 9,10-Dihydroxy-
b £ ?‘ l 2y ﬁzﬁ ’ stearate
G R

?b5Q& <+ ﬁﬂgﬂaaﬁ

Gﬁ&(ﬁﬁg}yﬁﬁeﬂgﬁﬁ ?mlﬁrgaﬁig Aldehyde
' fnd
Ethyl Eeter of Azelais
Halfl 4sldehyde

gﬂis (ﬁﬂe }?ﬁia

Again no difference in behevior was chserved bvetweoen
the high and the low melding forms.

690 grama of ethyl 9,10~dihyiroxyatearste (.2 mele)
was dlassclved in 500 ce. of glaclal acetic asid at BH-85°C.
18l grams of red lesd wes sdded exactly as described under
the exidetion of 2,10=dihydroxystearie scid. At the com-
pletion of the reaction aa deterained Ly the lévece-mslachite
green test, the aclution wes diluted with 50O co. of water

and steam dlatilled until no more pelargonie aldehyde came
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over. The stean Gist’llate was worked up in the same way as
that fras 9,10«dihyiroxysteariec acld. The residue, howsver,
was extracited with ether, washed with water until free of
lead, snd then with sodium bicarbonate sciution until free of
gcldle ilmpurities. The ether sciution wins washed with water
until neutral and dried over anhidrous caleium sul’ote. The
solution was filtered and the ether evepcrated undeér reduced
preasure, The residue wes a pale yellow, alightly vissous
011 and proved to be the sthyl eater of azelalec half aldehyde.

286 grams of pelargonie aldehyde were obtained (887 yleld)
and 36 grams of the sthyl ester of sszelale halfl aldehyde (90¥
yield),

Pelargonic Aldehvde., The method of ident!fication of

this eompound hes already been desoribved.
Bthyl #ster of Azelale Half Aldehyde, This ester was

very susceptible to auto=oxidatien but ¢id not polimerize bo
any eppreclable extent on atanding, as far &8s could be ase
certained. On standing exposed to the elr 1t gained in weight
and 1ts percentage of free seld ineressed very ranidly. Very
little has been reported in the literature concerning this
eater, A48 1lniltislly isolated from the steam distillation
residue, 1t had s saponification equivslent of 182.0 (Cale,
{C11Hpg0g) 20041)s It may be vasum distilled more satis-
Pactorily then the free acld, although again a somewhat large,
dark colored residue was cobbtalned. The pure ester was a
colorless oll with a pleasant odor and beiled at 158-160°c/
14 mn, (26) and at 100-108°C/1 mm. The pure produst had a
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saponificastiom eguivalent of 190,5-201.8.

Found 3 Carbon 65.97 Hydregen 10.87
@5’8 ol
G&lﬁof(ﬂllﬁﬁnaa} E6,.,0 101

4ll attempts te prepare the saxlicarbazone ylelded olls
whieh gculd not be maede to oryvataliize.

Thia sster formed a B,4«dinitreophenylhvwivagone in
guantltative yilelds, vhieh oryatalilzed as glistening yellow
needles from 957 ethyl slechels The melting poink was con-
stant after three recrystallizations. UYelting polnt 63-64°C,

Found Carbon B3.87 iyiregen 6,357
B3.8 634
Cale.1( @1@%4%3¢) 5347 6.36

The refractive index and density of this aldehyde were
determined at 859C,

25% | 28% . oo
nkbbﬁ 1.4548 @¢g 0.9380

Prom these values the molsculer refroctivity was coloulated.
Found 1 BE7
Qﬁl@‘ztﬁllﬁaﬁﬂﬁ) BdeB ‘Qﬂ)

cxidation of 9,10«Dihvdroxyoetadecanclwl (l.ow
Red Iead and Olecisl fcetic Aclid:
Qﬁg(ﬁﬁg)yfﬁ?ﬁiaﬁﬂ)qﬁﬁgﬁﬁ 9, 10=Dinydroxyoctadecanol=1
@
;‘ﬁgﬁ L @ﬁﬁ@ﬁmﬂ

Helting) with

CHg(CHp )pCHO = CHpOH(CHp)yCHOG  pelargonic Aldehyde and
S=ilviroxype larponle
Aldehyde
181 greams of 9,1l0-dihydrcxyoctadecancl=l (.5 mole)

was dlssolved in 1230 eec. of placlal acstlic aclid and oxidized
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by means of 377 greps of rod lead (.85 meie) as described
previoualy. After ths resction was complete, the resetion
mizxture was dlluted with sbout 2B00 ee¢s of water end well
shaken. The mixture wos then extrected with two 1000 oe.
portions of ethers The conbined ether extracts wers washed
with water untll free of lead, with scdium blearbonete 80w
jution wntil free of acldie subatonoes and then with water
wntil neubtral. The ether solution was dried over anhydrous
ecalelium sulfete and flitered. The sther wss removed under
reduced pressure and the residusl pale yellow, pleasant
swelliing oll was vagumum dlstilled, In this way BO grams of
pelargonic aldshyde (707 yield) bolling from 20-809C/14 mm,
and 40 groms of P-~hydroxypelargoenic aldebyde (Bl yileld)
bolling from 1B3-1Y6°C/14 mm. were obtained.

Polargonic aldehvde, This fraction contained over
987 free pelargonic sldehyde (88). The boiling point of

pelergonic aldehyde was alsc determined at two other pressures,
The boiling points were 49-52°9C/1 mm. and 38-37°C/.1 mm.
PeHydroxypelargonic Aldehyde., This asldehyde was e

white waxy sclid and bended to elog up the condenser 1f proe
ecautions were not taken, It molited from ¢1-44°C wmrecrys-
tallized and from 55=B69C after twe recrystallizations from
xylens. Litersture melting point 58°C and bolllng point
165~1579C/14 mn, (32). The pure sldehyde was a snow white
golid with o very plessant odor.

Found @ Carben 68,297 Hydirogen 11,87
8348 11.5

Cale.t(Cpli100) BB,3 11,8
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411 atterpts to prepare the benzoate and 3,B-dinitiro-
benzoate ylelded unecrystallizable olls,

The percentage of sldehyds was found to be $3.5¢ by
the method employed by Iddles and his cowworkers (37)(35).

The bolling ranges of this aldehyde at other pressures
were found to be 119-126°C/1 mme and 106=1209C/.1 wm,
oxidstion of 9,10,18-Trihydroxystearie Acid (Low Yelting)
with fed Lead and CGlacisl Acetie Acid:

@ﬁa(ﬁﬁg)ﬁﬁﬁﬂﬁﬂ?ﬁﬁﬁ(ﬁﬁg3qﬁﬁﬁﬁ Qgia,lﬂuﬁiigyﬁpmxyﬁt@mria
| e

FogOg 4 CHxCOOH

Ciig{CHp ) gCRwCHOHC CHO(CHp )9CoH  A«Nonsnaldehyde

and Azelaic Half
A4 @hyﬁﬁ‘
The exidatlen wus carrlied out In the manner azlreedy
described waing 084 grams of §,10,1B8«trihyiroxystearic aoid

{(+2 mole), 151 grams of red lead (.22 mole) and BOO co. of

glacial acetiec acid. The resction mizture wea worked up
according %o the fires method described under dlhydroxys
stearic ascid.

The aldehyde which was lacliated from the steam dige
tillate was & pals yellowishegreen oll with s sweet bub
allghtly rancid odoer, This aldehyde waz belleved to be 3~
hydroxypelargonio sldehyde at rirst, but subseguent investi-
gation proved 1% to be o(wnonsnaldehydes From the abovew
mentioned amount of trihydiroxystearle acid, 20 graws of A=
nonenaldehyde of 94% purity (B8) was cbiained., This was a
67 yield.
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Ko atitenpt wos mede to purify the arslsic half slde=-
hyde., It wea oxidized directly te srelasic acld. As lsolated
from the steam Aictilliatlion resldue, the asslale half glde-
hyde was a light brown viscous oll, IV wes dlssolved in
encurh §7 sodlium hydroxide sciution ac that the pH was about
BwBs To this well astirred solutien at room temperature s
solution of 44 grams of potassive pernsngancte (28 moles)
in BOO coe of water wos sdded all 2t once with very efficient
atirring. The tempsrature rose rapidly to about 6890, The
solution waz atirred for fifteen minutes after the perman=
ganste color had dissppesred, AlTter the menganese dioxide
had settled, the mixture was flltsred and the residue of
mangansse dleoxide washed with bollilng water sevoral times.
The precipliete was transfer-ed to & beaker and woshed thow
roughly with sbout 250 oe. of bolling water. Thilg was filtered
and the filtrates were somblned and evaporated to mbout one
liter. The hobt zcolubticn was aeidified with dilute sulfwrile
aoids The solution becams milky and & smmll cuantity of oil
floated to the surfaee. The soluticm wes heated to bolling
with & small gquantity ef Dareo and flltered. The flliprate
wog allowed to cool and the axelple aeld whioh crystallized
out wsg filtered off, wushed Lrse of sulfurie geld and dried.
It formed small white crystals. The yield of arelale actd
was 14 grams or 377 based on the brihydroxystearie acid.

X ~Honensldehviws The aldsehyde was purified by vaemum
dlstillation under roduced pressure and bolled from ﬁ@-ﬁa@c/

ol mme It i3 hard to voncelve of any dehydiration talking
place at this temperature and it should be noted that the
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chemical properties of the pure vaosuum dlstilled aldehyde
and the aldehyde a3 obtalned from the steaw dletillate were
practically ldsntical.

This aldehyde, disscived In earbon tetrachloride,
abacrbed bromine very rapidly (87 bromine in carbon tetra-
chleride}. Pelargenic aldehyde alsc took up bromine in a
parallel experiment, bubt much more slowly and with the ovow
lution of fumes of hydrobromie acid. This Lest indicated
that the compound was unsatursted. The stesmm Slstillate
aldshyde, which had not been vacuuw dlstillied, reascted
similarly,.

The density and refractive index of the rurified com=
poeund were deter-ined and the moleculay refractivity calouw
lated from these velues.

20 1.4802 a28%.8410
Found 3 44,7
Cales:{CgHygl) 43.3 (80)

It will be cbserved that the szxperimentsl V&lmﬁ Tor the mow-
legular refractivity iz slightly higher than the cmleulated
ong snd 12 te be exvected in & compound with a amngm@mﬁmﬁ
system of double bomds,

Sarbon and hydrogen valuss were obtzinsd on the puve,
freshly distillied aldenyde,

Found 1 Carbon T7.07 Hydrogen 11,47
76 .8 11.8
(ﬁ&l@v!(@gﬁm@) T7.1 1l.5

The aldehyde, either the highly purified samples or
the steem distillation product, formed o semliocarbazone (67)
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in 707 yield which crystallized as small whits nesdles from
987 ethyl alechol. The meliing point weas constant after two
recryatallications frem 987 ethyl alechol using Dawes., This
derivative molted at 165-165.5C. Litersture 163°C (4).

Feund Carbon 60.8% Hyircgen 8.857
60,7 ' B.7G
ﬂuln.n(ﬁlﬂﬂlgﬁwa) 80 .0 Fa71

All attempts to prepare the oxime of this slidehyde
ylelded umerystallizable oils,

The ﬂ,&mﬁimi%rﬁ@hmnyihydwuawmw foroed psell Orange-
red neodles I'rom 957 ethyl aleohel in 807 yield. It molted
sherply st 126°0 after two recrystallizstions.

Pound § Cerpon B6,37 Hydregen 6.28°
5643 26

Caleet (ﬁwﬁmf)&ﬁ‘} 56 .2 8.29
By passing alr through smmples of the nldehyde for

27 nours at room tempersturs, the correspending acid, X=
nenencle acld, wes prepeared In 877 yleld. The aprarntus

veed wns the serator contalning the sintored glass dlisk, sa
dosovived by Sensemsn and Stubbs (88)e The ailyr oxidabion
wae only slightly exothermie and wes very sas’ly managed,
This aeld was readily purified by vacuum Alstilistlion but
for the purpeses of derivatives the aerstion resction mixture
asrved just as well,

The pure zoid bolled from 135«1389C/E mm, and was an
glmeat coloriessz oll with a semewhat shorp, rancid odor, It
hed a neutralisation equivalent of 158.5 Cale.(CgHiglp) 166.8
and a melting point of 0-1°C. itterature 3% (51).

Pound 3 Carbon ©%.27 Hydrogen 10.3%
601 10.4



Cale.3{CoH1e02) Sarbon 89.8¢ Hyirogen 10.8%

This meld toeok up bromine dlssoived in carbon tetra~
ehloride very raplidly with no evolutien of hydrobremie acid,
Its density and refrective Iindex ware also deteruined from

which the molesular refractivity was resdily ealculated,

o O ont
nf8 1.4561 a=®

Abbe 40  0.98086

Found 2 45,7

Cale.:(Cgiyaly) 44.8 (20)

Again the experimental velue wes slizhtly high aa might be
expecied in a ocompound with o confupnted srvaten of doudle
bondsa.

The p-browophenacyl dorivetive of this aeid wes pre-
pared (£2) and was recrystellized to constant melting point
from 957 ethyl amlecheol, It formed glistening, pearly flakes
which melted sharply at 77.5-78%C,

Pound ¢ Carbon §7.8% Hydrogen B.85%7 Bromine 22.6F
57.7 5.92

Galee 1{Cyqligy Oglir) B7 .8 599 22. 6

The amide of the acid was prepared according to the
nethoed described by Shriner and Fuson (87)., It was reorys-
tallized from agueous methanol (Darco) to constant wmelting
point. After three recrystallizations it melted at 13&»15@&5?%.
and formed glistening plates. Litersature 1D8-127°C (23).

It will be seen that the properties of the unsatursted
aldehyde and its corresponding acld, as well as those deri-

vatives of thesze subatances which have bgern reported previe-
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ously in the litersture, check falrly woll with the liters-
ture for c(,P-»zmxmtmmm& corpounds prepared by totally dife
ferent mosans, Likeswlse, the otber preopertlies of thess come
pounds whioch have besn determined ehech very well with the
valuss caleulated for the unsstursted compounds and not with
those caleulated on the beasis of hydroxy compounds,
Oxidotions in which the hydrexy compounds were
isolated but net purified.
Oxidation of Unrecrystallised 8,10-Dihydroxystearic scid
(low Melting) with Ged Lead snd CGlacial Aeetic Aecid:
The dihyiroxystearlie pcld used 1n this sxporiment wes

the unrecrystallized aclid cake prepared by the oxidation of
olele acid with nydrogen peroxide and scetic meid, gs dew
seribed previcusly. The sollid cake wsa Lrolken Inte small
pleces and allowed to dry bDefore beling used In the lesd tetrpe
scetate oxldatlion. From 282 grama of clelc acid (1.0 mole),
238 grems of cruvde dihydroxystearie aneid was obtained. This
vgaterial wan dissolved in EBR0O vo. of gleelal acetlic acid gt
55-659C and 764 grams of red lead {1l.l mecles) wes added in
the usunl way. At the completion of the rsaction, the re-
action solution was diluted with 1B00 eec., of wuter and ateam
distilled wntil no move olly drops came overe The stoam
distilleats was worked up ap described previously and 5l gzrams
of pelargonic aldehyde of 957 purlity was obtained., This wns
a 367 visld bassd on the oleic acld used. Htartiny with pure
dihydroxystecsric acid, the yleld of pelargoniz aldshyde based

on clele acid was 324. It iz quite cbvious that 1t ls un-
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necessary to purify the dibydroxysteariec acid if only pelar=
gonie sldehyide la desired, Howavsr, the lampurities which
remalin in the dihydroxvstearic acid are retalined in the
reslidue after dlstilintlon with steam and Iinterfere with the
subaeqguent operations. The stean dietillatlon renidue sone
aisted of a brown oll floabing on ths aurfsce of the water,
This wsa extracted with ether and the other wes washed with
water untll free of lead and zecetie acld. The ethar waam
evaporeted and the reszidual oll was ‘lisscived in & slight
excess of 67 sodlum hydrezide sclutiom s¢ that the pii was Bw-B,
To this asclution at room temperature was added as repldly se
possible a solutlon of B8 grams of potassium permanganate
{«55 mole) in 1100 cc. of water with very efflicient stirring.
The temperature rcese rapidly from 30°C to 65°C and to prevent
frotuing over,a small amcunt of bengene had to be added. The
permanganate soler disaspresared almost lmaediatsly budt stiveing
wae eontinuved for an additional 15 minutes. The resctiom
mixture wos sllowed Lo stand over nlight and theon riltered.
The preclplitate of sangunese dioxlde was woushed twlee with
belliing water and then ftranslerred teo a large boaler whore

it was stirred well wlth about 1000 ee. of belling water.

The manganese dloxide was flltered off and the Tlltrates wore
combined. The cormbined f1ltrates 2wy he svapcorated down to
about two liters at this peind or lster az described, The
solution was cooled, acidifled with 209 sulfuric acid and
ehilled in the refrigeretor. The small smount of oil whiech
hed separated on moldificntion, solidified on cooling, and

was removed mechanically by mesns of 8 spatuls, the sgelalo
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geid being left behind. The solution was evaporated down to
about two litersz, and flltered 1ot after the addition of a
small amount of Darcoe 7The azelale acld which precinlitated
on eooling was flltered off and recrystallized sgain from
hot water. It formed amall white eryatals.

Yield: 11 grams or 67 besed on olelc acid. XNelting point
and mixed melting point 104-106°C,

Oxidation of 89,l0-Dihyirezyectadecanol~l(Low “elting) with
fod lead and Glacigl Acetic Acld:

The dry, unrecrystalligzed 9,10-dihydroxyoctadecanocl-l
{(sbout 273 gramas) whioh was prepared from £68.5 grams of oleyl
alechol (1.0 mole) was dissolved in 2200 ec. of glacial aecetic
acid at 55-65°C. To this sciution was added in the ususl way
764 grama of red lead with very efficilent stirring. After
the resction was complete, the solution was poured into 2800
ec. of water and well sheken. The mixture was extracted twice
with 1000 ¢o. portions of sther, the ether selution washed
with water until free of lead, with scdiuwm bloarbonate so-
lution until free of acidlc products and then with water until
neutral. The ether aclution was dried over anhydrous caleium
sulfate, filtered and the ether was evaperaied under reduced
pressure., The residual 1light browm oll wes vecuum distilled.
In this way, 38 grams of pelargonle aldehyde (277 yield based
on oleyl alechol) of 994 purlity was obtained having e boiling
range from 40-~42°¢/.1 mm. Similarly, 36 grams of 9-hydroxy-
pelargonic aldehyde (237 yield based on oleyl alcohol) was
obteined having a boiling range {rom 96-120°9C/.1 mm, and

melting from 42~459C. It was recrystaliized twice from xylene



and then melted at 52-04°C. A mixed aelting polnt with an
euthientic apscimen of S-hwirczypelargonle aldghyde melting at
55«56°C, melted at B3-BEOC.

Gxidetion of the Orude Hydroxylatlon Product of Cnotor 011
with lled Lesad and Glaeial acebie Acld:

A will be dercribed latey, caztor ¢il may be hyvdroxye-
lated and then cxidized withoub the isolatlien of $the hydroxy
derivetive~-the ao-called continucus methed. It wes thought
that the presence of hydrogen peroxids Iin the resction mixe
ture in the oontinuous proceas interfored with the swbseguent
red lead oxldation. Tt was eonsidered a good plan to isolatbe
the hydroxylated dervivative of castor oll and thon dissclve
it Iin glscial scetlic seld £ which red lead ceuld then be
added, In this way, thore would be no hydrogen peroxide to
sontend with and the percentoge of water would be less than
in the conbinuwous method. Tt was slsc belleved that after
the hydroxylated produet was lszoleted, seme proccdure could
be devissd for hydrolyeing the acatyl preups without affecting
the glyceride, thereby givirg an Iincressed vield of aldehydea.
The advantage in keeping the ecarbexyl groups blocked is thak
the danpgors of polymerizetion of the arelaie half sldehyde
fraction 18 lessened snd a more eflfeotive oxlidstlcon of the
aldehyde to the acid is pessibles It was found, however,
that lsoclating the hydroxylaied produet was of no advantage,
end no procedure could be devised for preferential acetyl
group hydrolysis. The yielda of Ononenaldehvde and azelaie
aeid were the same as Iin the continucus process. SHince the

continuocus method effects sush large savings of time and
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materials, it Is superior to the above method,.

The method which was employed in an stiempt teo remove
anetyl groups without altering the glyceride part of the
molecule wus Lo suspend the hydroxylated product in a aslubtion
of scdiwm tetreborate, sodlum bicsrbonate or sodium curbonate
and then paas atesm through the nizxture., The flrvst two o=
lutions used csuwsed no appreciabls hiydrolysils of any ascort to
talze ploce. The laat solutlon eaused the hiydrolyalis te po
ton for and wes therefors undesirable.

Oxidzationa in which the hvdrory somrounds woere oxidizod
without their isclation Ffrom the resction mixture

Praroxylation end Cxidetion of Castor 0Oi1:

For the gake of ainplieity of ealeoulation, castor oll
woar conslidored to be 1007 tririelnolein. Although this is

i
not strletly correct, the residual meterial dees not affect
the results appreclably. 225 zrams of 30Y hydregen peroxide
(2.0 moles) was dissolved in 920 ee, of plzeinl scetlc acid
and the solution heasted from BC-0090 for cne hour,. This sow
lution wes cecled under the tap to BEPC and mized with 311
grang of castor oll {(approximetely .33 mele). The nixture
was atirred occeszlonally and the tenpernture rose te about
70°C in about thirty minutes at which point the solutliom
bacame homegeneous. The teuperatiure remalirned ot 1te noxlmem
point for some time and then comuenced to fall viry slowly,
wirich indicated that the reaction woe continuing. The sow-
lution was allowed to stan! overnight and then dlluted with

1380 ces of glacial aeetlc acid. To thla well gtirred so-
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lution at 855-687C, 784 prams of Finely sewlared red lead
{(lel moles) was added, The {irat sdd! tlions of red lead
served to decompose sxceas hylrogen peroxide as evidenced
by the very repid deccolerization of the solutien and the
svolution of large amounts of gas. When the hydrogen pere
oxide wns completely deecomposed, the red color disappeared
lens wwpi@ly ard the red legd hed to bhe added at a slowey
rate. The rescilion was allowed to run to completion, the
renction mixture diluted with one liter of watsr and then
steam distlilled untll no more oil came over, The steam
diatiliate was extracted with ether, the ether solintiom
washed twice with woter, with soedium bicarbonate zolution
antil free of all acidie impurities, and agaln with water
until neutrasl. The ether solution wes dried cver anhydrous
caleium s&lfata,’rilturaﬂ, and the sther evaporated under
roduced pressure. The realdue was g rresenish yellow liguid
with & sweet, somewhat rancid odor. This liguid was Ofw
nonenaldehyds and from 311 graxs of castor o1l about 50 grams
were obtalned, The freahly prepared meterisl comtained
approximetoly 947 Xenonenaldeshyde (58).

The residue which consisted of & brown oll floating
on top of an ggueous layer, was cooled and extrascted with
ether. The ether solutlion was washed Iree of lesd and the
ether evaporated, The brown viseous oll which remained
probably conaisted of mixed glyeerldes of aszelale half ale
dehyde, satursted fatty sclde and seetyl derivativea of
hydrexy fatty acids,. This resldue was dlaso.ved in 1000 ec.

of glaclel seebic neid to which 225 grans of 307 hydrogen
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peroxide was added. The sclution was allowed to stend ab
yoonm temporature for avrroximately 24 hours and then hented
on thg steam bath until the maxlimum Senperature wez reached
and then rewoved. The soiution was zllawed to conl 2own to
roon bewparature and thoen wes stesn Sintilled free of acetic
acid. The supernatant Liguid wes poured off snd the reslidual
pale yollow oil was refluxed with 1000 ¢ec. of 107 sodium
nydroxide solution for about three hows. The alkallne ao-
lution was acldified wilth sulfurle acld whille hot and file
tered as frse of the 01l floating on the surlace ss was
sible., To remove the amall amount of cil which came through,

the flltrate was bolled with & swall smeount of Darco and
filtered. The filtrete woz sllowed to cool slowly. The aze-
laie scid which precipliated out, was filibtered, washed free
of sulfuriec ascid and drled. £7 grems of aselale neid were
thus obtained. 7eliing polat 104-108°C,

Ths oll which was filterod off sollidifled t¢ a dark
breown waxy 2olid. It weipghed about 220 grams. o dafinite
produsts could bhe 1dentified from 1t. Glyesrol i3 recoverable
from the agueous solutlen.

Hydroxylation and Gxidatlion of Sthyl Cleste:

310 grams of ethyl olsate (1.0 mole) was hydroxylated
in the manner previously described using 225 zrams of 307
hydrogen peroxide sand 1120 ee. of glacial acetic ncid, The
additional acetic &ceid was neceszary in order to keep the
ethyl oleate in solution., The maximum tempersture of the

exothermic resction was 61°C. Aftor standing overnight,
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1080 ce. of glaeinl peetle aeld was zdded snd the solution
was warsed to ﬁﬁ~ﬁﬁﬁﬁ. 754 grams of red lesd (1,1 moles)
was added as previoualy described. Afbter the resmctlon waa
complete, the solution wus diluted with one liter of water
gnd steanm Alstlilled until ne more oll ¢ame over. ihe steam
digtillate was extracted with ether and the ether solution
washed twlee with water, with sodium bicartonmate solutlom
untill free of acidile impurities, and giuin with wiler until
neuntral. The ether solution was dried over anhvircus calceiwm
sulfate, flltered, and the etner evauporated under reduced
pressure. 1uhe residve wes a practioally colorless, pleassnt
smelling oil w&iuh‘prﬂVﬁ& te be pelargonlc aldel:yde. This
materlal contained 937 pelarponic aldehiwde (B8) and welghed
47 grems. This wss & 38% yield besed on the sthyl oleate.
The steam distillation reaidue wis extracted with ether,
the ether solutlon waghed with water untll free of lead, and
with sodium bloarbonate solution until free of seidie impuri-
ties. The ether soclution wus dried over gnhydrous calclum
sulfaste, filtered, and the ether svapornted., Ths residue
welphed 283 grams eand was a dark brown 0il. It was veouum
distilled. The fraction boiling from 95-118%°C/1 um. proved
to be the ethyl esber of azelaie'ha}f aldehyds,., It had a
saponificstion eguivalent of 201.5 {Theory 200.3) and cone
talned 96.07 sldehyde (E8). The rield based on ethyl oleate
was 12.6%. It formed a £,4~dinltrepuesylhyirezone in guan=
titative vield which melted at 63-64°C. A ulxed =elting peoint

with an suthantie sample remained unchanged.
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HByxirozylation and Cxidstion of Clele Aeld:

Tnis substance 414 not rsact satisfactorily when oxiw
dized by the continuous method,

262 grems of oleic acid (1.0 wola) was hyiroxylated
in the ususl manner by means of 285 grams of 309 hydrogen
percxide {2,0 moles) and 720 ce. of scetic acid, AL the
concliusion of the reaction 1480 ce. of glacial acstlic acid
was added, the sclutien warred to 55.65°C and 754 srams of
red lead (l.l1 moles) was added. When the reactlion was comw
plete, the sclubtlon was stean distlilled and the sisawm dis-
tiilate was worked up sa descrired under the oxidatlon of
9,10=ddnyirozystearic acld,.

&3 graas of pelargonle aldehyde was thus obisined of
0475 purity (58)e This wzs & 259 yileld based on @l&ie acid,

It waa not possible to luseclate sny sselalce hall aldes
hyde frow the steam 4213tillatlion residue by vaguun SisEile
lation. D3y potasslum permanganats oxldatlon only 4 grams
of szelalc acld could be obtalned,

it apresrs, then, &s il the econtinucus hydroxylation
and cxidatlon of olelc acid 12 not aa satiafaetory 2 method
for preparing sldehydes as the oxldation of 9,l0-dihydroxy-
stearic gcld, sither pure or tcrude.

Oleyl nlcohol a&lso gave poar resulis vhen trested by
ﬁhe continuous method. The veacuws digtlillation of the resction
product bampod very boadly and 4id net pive a oclesn cub froce
tlcnatlion., Here agunin 1t wes more dezirable te start with &

pure dihydreoxy compound in theo cxidation with lead tetraacetate.
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It 12 most probable that the subatantea interfering
with the continuous process are scetylated derivatives, since
the hydrolysis of the remction products pave hydroxy compounds
in fairly good ylelds which rencted satisfactorlly in the
oxidetion stuges

Obher oils, nawely peanut and olive, wore troated by
means of the continuous method, and pelargonlie aldehyde and
azelais acld were cbtalned in muoh smallier yislds tham the
products obtained from castor oil., The experiments were rmm
&a\ﬂna‘aaw# way as the castor oil experiments exeept that
more acetle aﬁiéshn& to be uaéd in the h#&vaxylatian atep
because of the lower solubility of these oilie Iu the hydiroxy-
iation mixbure. A ¢orrespondingly smaller additiensl gquan-
tity of acetic seld wes asdded for the oxidstion atage In
crder to make the total amount of acstle scid used 2200 ce.



Ve SUMMATY

The oxldation of hylroxylated fatby acids, estors gnd
related substances with lead Letraecetate (the Crliegse resction)
has been studied, The oxidation of 9,10-dihydroxystearic acid
yielded pelargonic aldehyde (nenomanal) and azelaie half slde-
hyde {(B«formyl-l=occtanoie acid}. Similarly, ethyl-9,l0-~dihy-

wystearate ylelded pelargonic sldehyde and the ethyl ester
of szgelmic half sldehyde; 9,l0-dihydroxyoctadscancl yielded
pelargonic aldehyde and S~hyirexypelargonic aldehyde; 9,10,18«
trihydroxystearic aeid yislded Xwnocnenaldebyde and azelaic

acid; hydrcxylated cestor oil yielded Kenomensldehyde and
azelaic aoid,

The Criegee resction has been modifised and improved
s8¢ that it s no longer netsssary to lsolate and purifly

elither lszed tfotrsacstate or the hydroxylated subastaneces,
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