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the oxidation of hydrexylated fatty a©Ida* enters 
asd related substasees with load tetraacetate (tlx# Crlegee 
reaction) haw been studied* The oxidation. of 0#ICMHhy&roxy* 
atnrle mold yielded pel&rgettle aldehyde (w««kouxutl) and 
sselaia half aldehyde (0^orayl*X<K»etmoie aetd)» Mwllarlyj 
ethyl~&«10^1hy$rosystesr*t# yielded pelargo&ie aldehyde asd 
the ethyl eater of mwlaie half aldehydef 9#10^ihyr'roay<* 
oetadeeanol yielded pelargonle aldehyde and f^ydwoaypalargoiiia 
aldehyde f 9#XO#10»trih.ydTOayateario a old yielded ̂ ^oaosT* 
aldehyde and ag-elale.. eeidi hydroxylated oast oar oil fielded 
<^a 0momM#b,fdo and aaalaio aeld#

the Criegse r^aebiea has bees modified sad lspreved 
so that is is m- longer necessary to isolate and p»rify 
either lead tetraacetate or tha hydrexylated suhstaneea*
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X * l l f fE O D U O f i m

This Investigation was ltmdertaken for the purpose #1* 
studying the oxidising action of lead tetraacetate on l « |  
chain hydroxylated tatty me Iks, eater s> and related STibatanees
containing theo^-glycol .group (•C«*c>) to produce aliphatic' U cl?
aldehydes# Sinoe lead tetraaeeu^ts "a prepared by the solu**
tiea of r«d load in. glacial a so tic said# sad since th# 
oxidation of the hydroxy compound* la also carried out im 
acetic acid solution* 1% is merely necessary to dissolve the 
hydrexy compound in glacial meoti© acid and to add tea red 
lead In small portions# The 1 cad tetraacetate, which is formed 
reacts immediately with the hydroxy eompounds la accordance 
with the following equations#
l%S04 * 8 CH^OOBf ~--*>HM0C0C89 )4 * 0 fb{0C0CfIs )g * 4 Hg©
m l ® c c m $ ) 4 4  — ? f% < © C C C H g )g *  % % G r 0  - » . ! ls f i 4 GwO 4

eai c b  - e  c h ^ c o o r .

These equations may be #embl.»d#
i% 3 %  *  6  e i i ^ s o t i  *  — >  % « g C e C  *  R ^ G g O  *

OS OH I Fb(OCOaBg)g c 4 BgO
This last reaction is the on© upon which this investigation Is 
based# The necessity of isolating ant1 purify lag lead tctra<* 
acetate Is therefore obviated by utilising the lead tetraacetate 
^in situ*#

Si nee the hydroxylatlon of most of the uxxsaturated fatty 
sBaterlale is else carried out in acetic acid solution,* in many 
oases It was found uaaseeasary to isolate and purify the 
hydroxy la ted derivative prior to treatment with red lead and 
acetic acid#



*
Hi u 0

%» 8 I© *4 «rf
© *» •H

tt i 0 $i
0 f* s* £■§ m
m 0 © >m
A

04
t* f r

© 1
d
H

0 o ► e»

5 9 9
«
H

p> # Mi #
fe-W i* 4*9 •4
#5 *0
C' HI H d ©
if * 2 Hi 43

© 0 *
£*■4

e
0 0

0
43 0 #
f Sf 0 9 .«b.4:
© © *0 «4
0 © r- * <9 43

© £ €? y’̂
m m «
Mi *£$
4» I H

*
0
44:

©

%d £3
0 9

Hi
#
H

H «

0 f t 4» 9 «
S3 n 9 © m
0 Se-rf

m f t <rj 0
0 wi ® JS3'
'N 9 H ©
© m 9 a

s a $* e ©
0 0 w Az\

N
•©is* SB i-§ q

ftl 8$ $$ 1
0 s i

n
#*4 0- «? 0>
# % J3 # v», ot*s£IS 4>$ %f ©# © ,'”s as
xs © >V*
©* r 9 N

© 4r*%. *3 *3

1 l!s

H
9 #

9 #fU 9t
© ft p ©

m
m
%
4?

A4&
*

4»
f, a
m
H#ft

#
£*
0
0
. f l

©
JSv?fe*
<1-

S3
o
•m4.
4»

H

©
SH
X*
mo
H
4$
m
mt-4ft
%4

E
1 9 %4 *©0 m & 1 c*d o m © © d0 0 > 0<M H3d 0 c 9 g *H m Q 1 »*■%m #► H N 9 rf40 « 0 jd SI ©© # # © S3© 0 # *9H g m« H 1
* 4f> 0 Y 8s d 1 0 %4 * i© H p H & riH IS © 1<0 H M 0 H# I % 081i # 9H 0<H ©«MS 1# % o r4 0* r* hi 0»i
0 0 m # xt 1o 0 t d «0© 0 H © m >sw#

#
m 8S 4» H

0 9 •***4 1%0 d 43H © S3 # 9d -X» 0# C0 © 09 £ S3 # S3 %40 F» «SMf XI © ©M? M 44 ©P £X3 m d. 44 i? 0© r-4 « © m HH JS hjeS 9 © # 09 £* d £ *•!»£•Kfc-(T'4 YJ 5J 44 #« a:-i 43o 9 0 h*t3 0 m0 0 em p 0 %0 H 9i m s rm 0 !# 0■0 d ■»»#■ <4fe r4 %4*f’i H 0 HV*' t «**4 H ■«d so© «40 ft :4i9 « ® 0 d«l 4; 0-d ©0 H© !?£ 0 0 44t5>» « vd 0J3 d d0 0 ft © 0 -d# *3 « 0 ©H H hi H dd A 0 ft9 ft> © %1 X5 ©*d 0 t|d %» % ss 440 0 #««* 0p% r.0 ft d» %N|MS «■■*'#T # © 00 HfP HI ft #“S,. II dH © © %a ©H ft S3 # Q H«§ 0 a*# %* 44© 04 0 HH tJ aO O <k a44 © O ©9 0 0 OXI O 9 144 H ,-w 44- WkS # H ©hi H 44 44 « 0m W 0 a *0

m

t&
am
#
iW
f t

*r4
Ih

•ft'f

mo
n4*
m
m

©
«

H 4* H
K3 M ts
9 H
43
H # X
44 ©

HI
m

# 1w 1
> 0
© 9

a ©
a a H
t? S3 0

0 H
© 0m
0 i

94
©

P %4 m
IK ©
O

*4 9 R
@ HI

<0 0rr̂'*«* *4 *5
9 H 0

0 9
© 0
H $*.
c m 9
0 4 > &

•:; 4 3
Pi
a h»
H ©
#
ft % •d
u O

0
#-!

0 80

t
9̂0#

O

ft:
0
d

P C> ft

S
I
0
m

h
m

M
l
&
m
 

($
?)

(£
@)

(£
4)

(4
4}
« 

ol
ty
l 

ftl
got

tol
 

(3
®)

f 
te

tr
ad

0©
#»
M&
lo



3

toll (71 }* mud an aqueous solution of sodium oleebe {ft)*
10 a reeenb publication lb m m  shown tent pelargonte aldehyde 
could fee prepared from 9#10«d,Ihycro3rjfste&rle acid by oaddtM 
with periodic aeld (43)*

Aaelale half aldehyde has been pro **#€ by the ea0&"»
0%yeis of olele# elmidle (£4)(£S)(g9){4$) and rieinolele 
abide (fl)* It has ale© b#«n prepared by the oxidation of 
%  10**dihydrcacyatearle acid with peri©die M i l  (43)* fhls 
.aldehyde I#: Very difficult b© purify and keep for any leagtfc 
of time slnee It readily undergo©* polymerisation*

the ethyl os ter of aselele half aldehyde h-aa been, 
prepared by the caenolyala of ethyl eleat© (&&}*

^H£en©naldehyde lias been prepared only with sen© 
difficulty* It ha© been prepared fey treating heptaldehyd© 
with imlonlo eater In a Shoe vena#*! a^atheale {77 )0 fey the 
reduction of ImMe ehlertdes ©f the- type H*G(Ol)aMf with 
©hroratts .chloride (4 )* and frost aeroleta through a complex 
eerie® of reaction© (13)*

©C'oSonenaidehyde waa aleo prepared fey oxldlalng 
9#lOfl0»trlhydroayatearle acid* prepared from rielaelele aeid* 
with lead tetraacetate {78)f but the investigator© reported 
the aldehyde a® S^ydroxypeXargonlc aldehyde and not it® 
dehydr&t1 om predue t ̂ Cr^monenm Xdehyde •

b»Hydro3sypelarg'Cale aldehyde was prepared In a pure 
state fey the ©eofiolysia of oleyl alcohol (3S)# It was also 
prepared in an Impure state fey the oxidation of phloionoli© 
acid* an me Id present in cork* with lead tetraacetate (78)*



IX #  8 1 & T 0 R ie A &

Sint# the time of Bereellu* chemist# bare been aware 
that red lead ( ^ 3^4) 1# soluble in glacial acetic mold and 
a nebbed far detecting end #stia&ting certain Impuriti-ti 
fotmd in the ©cesser© i d  article has been based <m this fact* 
ffe# properties of this solution were little known until 
yeequellm observed ($&}* a# Bxnaaa had before him# that a 
aolmtiea of red lead in mftteotis acetic acid soon decomposed 
and deposited lead dioxide# H# alee found that the eppli* 
eat1 ©m of beat# a# well ee the addition of water* greatly 
accelerated the deeo&pceiblom* He further ©beerred that When 
hm employed glacial acetic acid at 4§ %  as the solvent* the 
eolutiott ilepesitad m crop of elender* eolorleea* ©blit®# 
prisms on ©©cling* On filtering off these crystal© of 
"acetate d© hi©aide de plomb11* me he called them* and attempt
ing to dry them between pleeea of filter paper* JaoqneXin 
found that they quickly turned brown #©e©*np©ci»g into aaebt© 
acid and lead dioxide* On the addition of water tits &eeoa*»- 
poe it ion was ©osspl^te end he was to determine the percent
age of acetic anhydride In the sample by titrating the *eia©©ue 
eolufclon with standard alkali# fh# lead was c.-tlmafed at 
chloride in another sampX©» Tfo© result# ho obtained led him 
to adept the following, iaprtobabl© fomula for load tetris— 
a c e t a t e  1

4 few year* later* Sohea.bein (60) and# a similar 
observation on the solution of rod lead in acetic m id# He



1

found teat sulfurl* acid precipitated only a part odf tin® lead 
from this liquid living the *e©etab* of lead dioxide* to 
solution* Apparently Sehenbein w m  not familiar with, the 
work of Jaequelin mmr did he appear to haw® obtained may 
areata la from bli solution*

fh* first worker# to recognise teat toad ietraaeetate 
wa* a definite* ehesaieal individual war® probably Bmtehtoson 
and Pollard (56) * they prepared load tetraacetate by adding 
ecmerelal rod toad in small portion® to hoi glacial asetie
acid mat 11 m  mmm d.to*» ved n i  lead dioxide #owt»#s te
preeipitate out* ffe# equation for this reaotion la m  follow® i 

*  §  dH s a o m  — p n ^ t t i o c B y ) ^  *  t  i * b ( o c o c a a ) t  *  4  % o *

The crystal* which deposited on. cooling were purified by 
reeryetallijiatlon from hot glacial acetle acid* Several of 
the physical properties of load tetraacetate are listed to 
fable 1*

Hutchinson and follard found that toad tetraacetate 
w m  extremely aensitlv'e to the preaene* of water and enugeetsd 
that it might te used to detect moisture in gas®## fhls 
property of toad tetraaeetate may te used in its quantitative 
estimation as represented by the equation shown below*

* t mt o — >fb% e 4 g h^ oo g r

e Lead Tetraacetate may also te prepared by the 
elcotrolysis of lead acetate in. glacial acetic acid solution (S3)*



Tabla I*

*

mi&JPkZ, fhc.hu tthh or L.\ ; r  *, -I'aW

a.f, 175cC (dee.)
d16.S e.SES
dl,e.2 2,2184
SSoaoeXliaie* colorless, Irani parent prisms«
Soluble to th© ©xtenfc of ®#76 gmats/lOO g?«iof glacial aceti© a©Id at 170C*
Has Ilf soluble In e o M  chloroform* all i tly sol^l# is ethei* amd ligat petroleum an l̂or® a© im beasan© •
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Tho mantle acid llbor&ted may titrated with otandard 
alkali*

Tho work of Hutchinson • and Pollard was dowotod 
primarily to a i M |  of tho jafe-fsieal pro sort iso of load 
totra&cotubo* It was not until 19B0 that Diwrcth* Priedemtm 
and fSMmmvmv (14) and Dlnroth and Ulster C M) found that 
load totraaeetato could ho uood vory offrctivoly to oxldloo 
cartel n hy&rcxyanthra$utnono dorlwmtlvoo to anthra&lqulnoiios »
Tho attention In. thoso loot two pi m m  of roooaroh m s  not 
foeuoood *m lead tetraacetate hut oa tec dlquinenes obtained* 

first pub 11 oat Ion to devote itsolf to a study of 
tho action of load totreaeeteie cm various type* of organic' 
eonpoxatda was published by Blnreth and Schwelser in 1§£3 <16)*
They mot only improved tho nethed'fer pro paring load totra-* 
restate hut stewed that load tetraacetate would react with, 
certain compounds which contained hydrogen atone alpha to 
a earhoayl or a earhenyl group* Qmm or mere alpha hydrogen* 
are replaced hy aeetoaqr group* <OCOCH$)* Tho following 
eauatlon* illustrate this usea# of action of load totraaeotatot

1* (CHgCOjgO * ft H>(0e0CHg)4 ^(CSgCOOCHgCOjgO * ft fb(OCO«$)g *
2 0 I % € O ^

2* C88 (C00G^I9 )g ♦ lh(O0OOI!a)4  ^CflBgCOOGHCCOOCgHg)^ *
Fb(0C0CH8 )g W aHs€OCH

3* CSgCOCHgCODCgHg V fMOOOOHgJe---^CHgCOGB{OCOCHg^OOCgEs 0
m t m ® c n $)2 *  ch8 coch



4# (Cff$)20Ci * FM000083)4— f̂figCOOGBgGOCBg 4 Fb(CCOG%>0 o

<?<?̂ •Dlaoetoxyac it®a way b# proparod by suing a larger 
aiaml of load totraaootabo and hlghor towfwmturos*

0 * a^l^OOOH^ *  m(WQGMz)i' ?>0^lsCOCHgO€OOTs  *  FMOCOCHgJg *

They found that load totraaootabo way bo *®.ployod to 
nwaawe with a groat doal of preetalott tho lability mf by&Foren 
atom boeauao fcho oxidation reaction say bo followed by titrat* 
lug the awoug&b of tmuaod load totraaootabo aeeerding to tho 
following oquablowat

Pb(OiXCKg)4 * a K-I *— > Xg * Fbf^cr'CTg)^ o a CHgCOGK
Xg o- a HagSgOg— ^ 2 Sal * Saas4o6

Im tho Oa®# of hoaologuo* of boaaono* thoy found that 
toluene* digfcouy Xmothauo and tri fftumylwothaiio woro all oaid~ 
fssod to tho aeotatoa of tho 0 or ra® ponding alecholo# tho oaao 
of oxidation laeroaaiwg fron toluoao to tris&ouylwothaiio# 
bonBono bolng uxiaffootod*

m $ c o m

*  H » (0C0CH3 } g  *  CH5COCB# lb ( € H 3 c m *}*— ?

HOCCCSS3 O Fb(0€COTs)g *
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£ 3 ^ *  « » C o c o g h 8 )4  ^  r ^ d c c o m ^  *» t t> < o c o e B s ) 8  *

0  0  c%coc*r

9hey alto curried out a f «  experiment* on tho ckkM* 
at ion of w o o  turn tod ©eiapeuadSf They fossae% that onotholo 
roueted smoothly with lead tetroaoetato helow 40° C to yield 
am aeeiylated derivative which wmm mot definitely character
ised* Hydrolysis of this product yielded l^(|MMithoaeyplie«iyl)«*
1 f£»prop&mdl ol in good yields# fhey merely mentioned the fact 
that stllheme roasted mush more elowly than amaihole to glim  m 
mixture of 1semere* and oaf role reacted very much mere e lowly 
t h a n  anethole* A t  the boiling point safrele r e a c t e d  bo violently 
that no products could he i«elated*

In a w r y  complete investigation* Criegeo continued the
work-of Dimroth and Sehwelser on the react iem of tetravalent 
lead salta with umsatmratsd hydroearhona {^)# He studied the 
preparation of lead tetraacetate* lead tetmproplcnate* lead 
tetrabutyrate and lead tetrabenseate and aleo their m m t i o m  
with uaaaturated hydrocarbons*

He found that lead tetraacetate roseted with tsna&tu-
rated compounds primarily in two ways j (!) the simple addition
of two aeetosy groups at the double bend* and (2 ) the replace
ment of hydrogen atone hy aeeteacy groups* the double bond 
remaining unaffected* Usually both of the react tons took 
place concurrently*

Cyeleiiexevie reacted with lead tetraacetate to yield 
mainly &-eyelchexeme*»l~ol acetate (I) and eyclehera«#-X*2»clt0l
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diacetat© (11)# 4 8w.ll amount of a diaeetmfce of eyclohoxene~
diol. also isolated* Its structure was helleved t© be
either 111 or 1?.

oca3 Hr^Soc= 0CH<

X

T ^ y m Q G E ^

I I III

mdeae reacted to essentially to# same manner although 
the reaction was s«ewhat more ©cmplieated# ??©s©ttc® took 
place la to# five wish© red ring only#

0yelcptmte4i.e*i# rose ted la the expected m y  t@ yield 
two ttii predicts* ©me of to I eh ess to# result of a ■ very 
interesting secondary resetiom* fhe products wore S^yclow* 
pentene*l#d«^ll©I dlaeetate (?) and the moaoaeetete seme** 
acetylglyeolat© of S^yel©pentene~l*2*dloX (?!}# with the 
latter eempo-txnd pre&oaiinattog*

•0OO0H,OCOCH

Oesipotind VI resulted. Cr«t to# reaction of lead tetraacetate 
with V* This reset ion Is of to# same type ms that reported 
hy DImroth and S-ehwelaer between aeetone# aeetie anhydride etc** 
mad lead tetr&aeet&te* The hydrogens in the aeetexy groups 
are alpha hydrogens and heme© sight he expected to reset with, 
lead tetraacetate*

Cyelohewadlene and lead tetraacetate yielded tw© orcdueta •
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They were 3*eyel0hexen®~l,2-dlol diaeetate (¥11) and the
::i ©noacetate ;noaoacetyIglyeo la t e of 3~cyelohex©ne~l,2«-diol (VIII)*

that a third type of reaction occurred to a leaser extent*
This involved the dehydrogen&tlon. by lead tetraacetate of
certain partially hydrogenated aromatic hydrocarbons• 9,10*
Dlhydro&nthracene yielded a trace of anthracene when the red
action was carried out la acetic acid and a 30$ yield of 
anthracene when the reaction was carried, out in bensene* 1,4** 
Dihydronaphthalene gave a nearly quantitative yield of naphtha
lene* 1,2»Dthydronaphfchalene gave a 20$ yield of naphthalene, 
the remainder of the product being the diaoefyl derivative of 
trana-l,2-dlhydroxytetrahydronaphthal©n® (IX) •

Tetr&hydroaapfcthalone yielded 1-acetoxy-l,2,5,4-t©trahydro*
naphthalene (X) *

OCHo 00 001!

¥11 V I I I

In addition to the above react!one, Criegee (7) found

‘OCOCH3

5

X

In a classic publication, Criegee (8) first demonstated
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that which contained mautatituted hjf ro^yl grov.p&
att&ehed to two a&jaeest carbon atom would react with lead 
tetraacetate* .Be showed that scission oeeurred between tho 
carbon Atom holding the hydroxyl groups with tho re* val of 
two hydrogen Atom to yieM a Me t r os  or ketone#* da posting 
on tho nature of tho other groups attached to tho carbon atemtu 
fhe typo aquation-for thin reaction la m® follow®t

* FhCOGO0l!.g)4 ’--->»1% 0»O * *8*46*0 o FbCC^OClgJg *
C8 ttt 2 01gCOClI

ft** alkyl* aryl or H

Although tho mod# of actios of tetrevalent lead salts 
cm uneaturnted compounds m o  comple* and wasted with tho type 
of compound treated* tho action of lead tetraacetate on
l#2»glyoolo was a smooth and usually almost quant 1 tat two
ronetiom#

He found that tho remotion was quite general* no 
exceptions being found is tho largo number of hydreay compounds 
treated* II# ¥ii able to prepare in very goad field# two mole* 
of fexmmMehy&e from ethylene glycol* two stales of a cat one frno 
pinned* two tsolea of ethyl glyoacylate from diethyl tartrate^ 
two mole* of honaaldohydo from hydrebenaoin, one mol® of 
antoaldohydo from anetholeglyeol* and from cte«* and trono* 
oyolohoxanodlel^l*2 one mole of ad i pie dialdofeydo* with 
polyhydroay compound* eueh ma the sugars* the reaction waa 
naturally more complicated* although it worked satisfactorily 
to show tho presence of adjacent hytlrexyl groups in memo** 
aeetoMglueeee*
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1h® resetiom loading to th® protoetieii of al&®hyd*® is 

®xtr®ta®ly *p®&lfl®« fit# o&ly wfeiett will react with
lead. tstra&eatat® in tills ymj ere those wfcieh contain two fr»® 
h ^ d r o x ^ l  g ro n p ®  ®m a d j a c e n t  e a r h o n  s t o w *  ^ c a a c ^ iy f i r o x y  a o f t ’pe iuad®  

or tfeoi# foyetrciKfX ooapovaada iM#i contain c«m or hotfc of th® 
hydroxyl groups suhctitutad will n®t reset# lhrtl«ttXa;r»Xy 
iilwinatiag is th® ®&a® of s^mtaarpthritoi (XX) which doss not 
7®«®t In spits of it® four hydroxyl grmxm baeaus® ho two hydroayl 
gssupi are attaahad to ®&J&e®nt earhon stoma*

m Bm  
m $ m  •0**0Micii

F
CHgOS
XX
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The advantages ©f lead tetraacetate ever other oitl*

distag agents are, {I) tho oxidation may fee carried out in a 
homogeneous medltm, (g) the reaction ie usually sc rapid that 
t m  temperature* are required^ {$) the oxidation a tops at the 
aldehyde or tat ©no at age# mud {4 } the reaction gives ccmptttii* 
tlvely high yield* of aldehydes or ketones# This reaction 
may be used for the preparation of carbonyl e expounds, for 
the qualitative detectlorn of e^-glycols and particularly ms 
mm. aid in establishing the constitution of certain natural 
products*

In a later paper, *glyeel splittingn, so called, was 
Investigated -more thoroughly by Criegee and him ee«#rc»rhera (12)* 
They allowed that lead tetraacetate would not only react with 
various types of compounds- containing thee^glyscl group
(~C~fy»}i but would also reset wlth©(*hydrexy acid*, ̂ f^a-mlno

c e  c n
a©id© and amine** They atilled the velocity of
the rometlcn lo, varioo* solvents and under vmryiug conditions 
and advanced a mechanism for tho oxidation of ̂ ►glycol* with 
lead tetraacetate* Approximately St compounds were oxidised 
and the velocity of reaction in some ease* wns shewn to be 
as much ms §0,000,000 time* ms gra&t as In ©tfcarss* Sem© of 
the compounds oxidised were -eIsland trana^oenapbthenediol, 
cie-and tran* ~1,&~di phcay Xacemphthe&ed 1©1, els* and traa»~ 
hydrlndeaedlol, ©is** and traits^ebelestanetrloX, Mae«&lm*thyX 
tartrate,.o^~*eetyl glycerol, etc* ftmj found that eta* dlol 
compounds reacted must* faster than their trana- iadacre, 
without exceptlea* The greater part of this publication (It)



m

was to «l study of m e t i o a  meehanls« and reaction
n t « ,  which will be discussed la tho 1h I •iffiriQAh section#

Sim# the prediction by Cringe# CS} that load tetm- 
aeet&te could be used as an aid is establishing the eemti* 
tut Ion of both natural sad synthetic products which contain 
th# proper glycol structure* a | m t  many pa pen have been 
published hearing out hi# predict ion completely# The east* 
pounds studied hair# bean ®t a great variety of types and mo 
exceptions to the generality of this reaction have as yet 
hmmm foumct*

Criegee^ in a paper entitled *& Mow method for the 
Determination of Ring Structure in Sugar® and in Sugar 
Derivatives* (9 3# « h m d  that lead tetraacetate could b# 
used to determine the presence of at least two free adjacent 
hydroxyl groupe in these type# of conpo^inda (ef*4S*$S)# hy 
measuring tho amount of formaldehyde obtained and eeosparlixg 
it with the asaeuat one would expect to Jpt# it wae possible 
to ascertain whether the end two earhest atom® in the sugar 
»oleeule were free or mot# It wae mot sufficient merely to 
prove that formaldehyde was formed# but it® <tua.ntttatlve 
estimation. was essential sime# the presence of three or .acre 
free ad jaeent hydroxyl groups would give a mixture of fora&l* 
dehyde and other aldehydes# Thu## ^glucose* If treated Im 
this way should five mo formaldehyde if it centals# a pyramose 
ring (ill)# This was borne cut axrcrtwntally* d«*tfea&ese (XIII 
behaved is a similar manner# 31 nee these react ions ware 
carrl.edi out at comparatively low temperatures# mo rearrangement 
would bo expected# With but two exceptions out of the many
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Qtmp&v&A* at*Stlsd* tli# i l F ^ t o n  as iforifiad out by fsnrin#* 
Haworth, Fwu&smbsrg* ©to* # war# eoxnrcbsrmtsd#

HCCB
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m mii *j< 41
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M I X

Tim position of tho dcnbl# bonds In sort*in plant 
pigments sueto a# croc©tin* btxla ana othsrs (41) (42) was 
dstsrmlnsti by hydroxylatlon of ths doufels bonds ̂ solos Ion 
of ths resulting glysol with load tstrsaestsb# and ldsoti* 
float ten of tit# resulting aldshydss and koton#s«

Th&t o(-glyo# reasons phoaphcrl e aetd esuld b# dstspftlasd 
in tli# prsssne# of ths/^-compound by utilising load totrs^ 
nestst# was demonstrated by darrarrn (5) and Pywvi and 
Sfcswsnssn (07)# Sine# only lit# r#a©tsd#b|r using sn
sxssss of lead tstrs&esi&t# and titrating tho unused portion, 
tfe# amount of ̂ *oomp#uisl w e# eiltMt#d«

Hsilbrom, 1 orris on and -3imp# cn (31) ahswsd that on® 
of ths double bends in tfeo ergo#torsi nuolous (either bstwssn 

or % * % )  was particularly reactivs# fti# addition of 
two- hydroxyl groups took plac® only at this deubi# bond as 
shown by ths f&et that a k#ta*aX&ahyds was obtained on 
Irsilsiiat with, load tetraacetate# This type of eompeuM 
tesM only eeetur if hydroxylailon had ooeurred in on® of ths
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rings# Similarly* hydregenat ten took place at this acme 
double bond# Csmilsattoa of either the hydreaylated or 
hydro e»*ated produet resulted. If* the formation of methyl 
isopropyl asetal&ehyde, indicating that the side ohmim m e  
tmeffeeted by hjdr«fl^tiom or hydrogenation*

It had been mentioned by Cpiegee that Xen/3 tetraacetate 
could he used he oxidise •^•fcydrejcy a elds*. This w&a Invest!** 
gated In *» *a# detail by fSeda (S3)*e^y&;roxy acids have aaale** 
gens structuse a to l#8~glyeels and might he expected to react 
with 1 a&d tetraacetate is a similar manner* This was m h m m  
to he the case* oxidised lactic, leaele# mandelis*
«»pfcenyllaetle and jH^ydrcacyphenyllactie acids* The .reactlea 

of this type m y  he Illustrated by mean# of the lactic acid 
and mandelis acid oxidatlens*

m$mmmm * fMococBg}*— ?> e%<ii§ <t 0% e Ftcocoryg)* *
8 OH3COCH

c&HgCStiBOOOS e f h { o o o c % ) 4 — ^ o ^ g O H O  * eo^ e  ife(occcHs }g e
8 O%00'CiI

tatdatlesi of <^«&y&roKy acids may he carried cut with .other 
oxidising agents but the reactlou usually preeesda beyond 
the aldehyde sta$e #ad oft®© Soon not give good yields of 
desired products* In the oxidation with lead tetraacetate* 
the reaction runs very smoothly at moderate temperatures and 
stops at the aldehyde stage*

In a study of the esterlfleatlon of higher fatty acids 
with glycerol* lead tetraacetate true used to good advantage
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ar© Inc lined t© atiHbufc© this effect t - at srie Mmdvanoe
zuvl It **i f be m--%mI that the 9«*pcr.Sfci©» f X#E~h0m«** a-;fc<.rtc§ © eorrefiponda fe© .pea It lorn 4 In t t oh# <1 'thre"» nold eyetom present in the ̂ irleeaX# t* t the;*© ©re 
definite fn ieatiort© of himslreme© at t'Hfs poe'tlcm in 

nth mens*
A© night be expected* l*£#IS#6^ihcm»arithme©m (XVXXX) 

d©#i mot re&et with le*td t e t m ©  estate eimee both s#so peettlane 
tFi smfcjeet to i&emtle&l tein&renti© effeeia*

XVIIX
In a eontlnuatloa ®f this mo-rk (IS)# they femnd that 

m&ttefX&hol&n&htwm (XXX) reacted with load totraaoat ,te« to 
give a mow aeotoaqjr derivative (X£) in Ôf- yield#

XX.
3§4~Bemjs ryreme ©1®© yielded ©m ©eetoxy derivative 1m 90^ 
yield# hot the pea it ion of the ecetcxy group was undetermined* 

tjp to the present tlwe vary little -work has dome
on the oxidation of hydroxyl© tod fatty ©eide a ad related 
emfNmvl© with' lead tetraacetate# In a ntnify of the oxide** 
tic® prodmota af ifce tsr.safcttratad fatty me Ida of linseed oil 
(§8)# Ktexn and *edl©yV:i;aeleam, reported that the petition 
of adjacent hydroxyl groups In dlh^roxyatoerie ©old ©md



to
eatlwla ael& was data mined by Griegm*» methods 1% was the 
purpose of their investigation mar® If to show the presenee 
gad the- position of the hydroxyl groups whleh they did fey 
identifying pertain of the aMelaydle predaeta*

Similarly* la an Investigation of the eonatltMtlon of 
two hydroxy a# ids Isolated frcn eorlr {'TO) # the pot it ion of 
adj&eeftt hydroxyl groups was demonstrated by oxidation of the 
hydroxy aetds with load tetr&a&et&te and idetvfclfioatian of 
tho aldehy&le fregnant*« ftrnis, the constitution of piiloient# 
a#id (XII) ottd ghloleaolie acid (XXII} m s  shown to bo as 
tallow*t

0 0 ®  (OS* )yCHCIiCB€B (c»f )y0 OCB

S I
dftgCIl (Cffgi )ydH-0̂ t-fî C3̂  { )y®00H

XXII
Hie first pebl lest text to roport tko us# of rod lead 

assd glaeial aeotle told as tho oxidising ogont ins toad of 
load tetnaaeat&te was that of Montlgnle (50)* So warned 
wholes terel with a mixture of red load and aeotle mold and
bo pod to obtain leatenea* kltumtgh ho isolated no- ftotcmoa* 
ho obtalnod a al&tnre of eeetates*

Ward (?4)(7$) applied this modified proeedure to tho 
oxidation of aorta In terponea* fh# terpens » «*■ pimene* 
dlpenteae* terplnelens or «trtorplnona * ** m i  dtsaolved in 
glacial aeotle aeid and tho rod load was slowly added.* II# 
found that the products obtained in this way wore tho same
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m  those obtained hj using pnvm I®m,d tetraacetate as the
oxidising ager>b* Wiird, tietwefi pointed out that

tho ratio of lour boiling %o high belling acetates la 
mtseh higher when lead tetraacetate is usod# S?aoh 
differences a w  tc ho expected because a number of 
faotoro differ where red lead and acetic acid are need#Soil# of these factors tnelwde tho acidity of tho eeln» tics* the Introduction of wmfcer frosa fch® reaction of 
red load and acetic tsM, and the pro e one# of a a olid phase with each addition of rod lead#

These alight differences la action should not ho observed In
tho oxidation of^«»glyeo 1m by this modified soothed since only
one mode ©f oxidation is possible* namely *gly©eX splitting*# 
In the ease of unseturefced compounds* it ha a already been
pointed out that eeveral types of inaction e«m and do take 
place#. One r#a©ii©it might be favored over the other under 
different oonditicne of acidity, percentage of water or the 
presence of a solid phase#

load tetm&eet&te is not difficult t© pwpaxe* 
it cam. asily ue stored under strictly anhydrous eondStlcns and 
the usual manijnilaiions of the laboratory (weighing* trans«» 
ferring# etc#) cams# deeonposltlcn of the substance to take 
pis©#* Solution of the compound to be oxidised in .glaei&l 
acetic acid and the addition of red lead in s?nall pertione 
eliminate the necessity of isolating lead tetraacetate* 
thereby saving a great deal of fclaae and effort# As the lead 
tetraacetate is forced# it Is used up In the oxtdatlen* as 
imr &b can be ascertained* this method of oxidation Isas n«v©r 
been ap.-lled fee compounds containing the ̂ -glycol group prior 
t© tills Investigation#



X X X ,  fH E O lg f 1041*

Almost all mf the rosoareh attempting to olaotdato 
tho wetonlaai of tho oxidation of^wglyoola with load totra** 
aoofeaho to® toon. ©mrr-lod ont toy Crtogoo and M #  ea^aorkoro*

Xu 19ll| Crlogoo s to ted (8) that onljr two poasihla 
roa&tlon mMtoataaMi for *glyool tplittiitig11 suggested ttoni** 
soXwos to him# glhhor tho oxidising agent rojsorod two 
hydrogen stow tmm> tho hydroxyl §^mmpm (A) #r two soot m y  
groups worn added-on to tho noXoouXoj anslogovio to tho notion 
of load totimaoofcaio on wnsataratod oenpomdo (?) C B) *

I<*e~«
/

;•G»0KI
I

)
U )

l^i
<*d«*OCoC!SIM

I
i i«m0iW*O

-  I J

I

I• %  0 >
-Cm 01

-&*03O£51_fN® «
<B)

►
me# 0 I

o t ch^cccr

In tho first ess no* a diradloaX urns postals tod so as Xrsior** 
mediate product wtol oh would form aeyolio exids# of tor a 
dohydrogpsiatlaa tod tatom plaoo# In' Wtm Oodend esae# stono- 
aeotyX&ted aldohydoo or ketcme® were pa*, tainted so tho pri«* 
m r y  reaction prodnot** %  splitting cmt aeotle sold thoao 
yielded tho oorrosposidiiig earbonyX eowpeundo*

Tho deeiaton between the two peso Stole moehenlsoe woo 
arrived at toy s process of el tarnation mi4 not 07 the proef 
of the validity of cm# maetmitiam &r ttoe other# in xmp\£&*»



11 shed warlr of Si'iFoth and his 1% had be©» shown
that in those eaeee in which load tetre&cofc-s.t© undoubtedly 
■aafeod as a dehydiro^emtittjr agent* ir̂ eh nn in the oxidation ©f 
hTdroxiranthTmQMl©©©©# to diqninonee (14 5 CIS),# it arny be tub-* 
etltuied by m quinon© of high. oxidation potential cueb me 
diehlorequlnle&rlnequiaosie Cl}*

Thl* qulnome way he meed mot only to eacidlee hydroqularae to 
quinea* but also to o x M i m  l#4^ihydroimi^thftlene te a&.fto«
theJLene* If ^glycol splitting** ware also a defeydrog© met tori*
It should be pee title to ©arry It out by swri of thia 
qulneae* It t'omtf out* howewer# that those glycols which 
reacted with lead tetraaeet&te most rapidly were unaffected 
by this quinoue vto&w eo-md.ltions mrmlogou® to thoee under 
Which l#4*dlhydronaFhthalene was smoothly dehydrogensted# 
yharefere# Crlegee reaeoaed* si»®e ateefaealem A we a eliminated# 
the aerreet weehaalaw wrns B*

It is ©hr!©us that am attempt to prow© which neohamlflei 
la ©erraet by logic rather tlimm by experimental ©widemee is 
exposing itself to the criticism that there are other pcaaible 
meehanistiH* rather thorn Just tve* Iw fact, It was later shorn 
by Criegee that an entirely different weehanlew w®s the nest 
plausible*

O 0

I
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"to ft lil#!1 publication (10)* Oriegee rtflaM M s  Ideas 

to a-great extent eoneernlng tia# resetion »6k«!si, tola- 
revision of tb« reaction mechanics was neeeesary fop two 
jreaaeaa# ftrut* the' e M  ssochaniass did nob explain why only 
free glycols reacted vith lead tatraaeetate* If either on# 
of the by&rexyl gronpa was substituted bo oxidation occurred# 
5#©©a4| if the baa I a of the reaction waft* an Crlegee expressed 
it* tli@ addition ©f two pseudShalogan atone %.c#tojrjll* to the 
si ’pie ®**-0 bond In glycols analogous to the eeticn of lead 
tetraacetate on the double bonds of olefinss* it was diffi
cult to understand why the resetIcn ran so much morrn slowly
than the addition of true halogens to the double bond* He 
eonelnded that the Initial point of attaek in the smleeule 
must he In the hydroxyl groups theaNselwee*

after extensive expertnsenhal work* Crie^se ***& his 
cohorts* re eeneln&ed that the following series of reactions 
represented *glyeol splitting**
« \♦C-CK • 0 * O » ^ ( m ^ S s)sI * » ( « 0 a % ) 4 ■> I O 0%€©€S (1)

•C-CH V —  ~OCE
I I
I I

+e~o~j%(ococHm)m -c« . v » ^ I x »(HdOaS0)t e CHeOOQB (ft)
i ■

++CmQ v  *»C*jO
I ^  Fb(ciacKafs)t — * * fh{cecG8g)g (s)«*C*»0 **€<*0
I

Keaetien (1) m s  based, on t he analogous react ion 
between lead tetraacetate and asonohy&rle alcohols* Reaction
(0) waa arrived at by a seeiewhat similar method of reasoning*
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nasoly the m & m  o f formation of fire membered riags In th# 
rea^ttoa* between «tf*glyco la nod boric acid, marten# and 
areen©«'eeetle acid# 4a shown ia Table 11, els«*gly©ola 
react mueh mere rapidly than e ©roes pond lug timns^isomera*
Ttets should I?# the eat® it this mechanism la correct since 
ring closure can take place aor® readily then the hydroxyl 
groups are adjacent ta spaa#* Heaetlcn {3} then fell cared 
from the first tf® and indicated bow the carbonyl © expounds 
were formed* It may be seen that by eecsMning these three 
equations the general efiiatioa for *glye©l splitting* m y  be 
arrived at* This react ion meehsnlsm was corroborated by vary 
erteaaive studies of reaction rat©a*

The speed of “glycol a putting1* can be- &e&awrcd very 
easily by lodlmetrie titration* In acetic acid solution* 
the reaction follows the course of a bimoleeul&r react ion* 
Table II shows the velocity constants ih minutes at £ 0 %  of 
the glycol* studied* thm table. Is arranged in order of &e~ 
creasing .sp##d* In all 32 ecm&oraaft* were examined*

The following eoneluaions say he drawn fro® this table i
(1) fhe spe-ed of oxidation of glycols varies considerably#
In c o m  eases the speed is a« much a.® 60*000*000 time m  
fast as in other®* (0) f’he speed of ©xldatl.cn is usually 
extremely high# This may be made clearer by exaainlng half 
life time instead of velocity, o0a.sta.ut0* Saif of turn it 
empewnd* studied had half life t±mm ef c m  •o-r-te or leas 
and twenty-®tx had half life values ©f one hour or leas*
(35 It emu he seen from the table that the speed of oxidation 
is determined by ateric Influences# In all eases* in is©merle
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pairs of g Xyeels* the roasted oŝ cfe ssere rap lily
than its brana^iaoster* 1b. feet* lead tetra&eetate has boea 
used to diatir* *sb. efe- and trass— fcrss of glycols
toy meaeureaienfc of reaction speed (2)* It « |  also be seen 
on eXeae? exaiaiaatioa that tho astio of velocity eofssbanb* 
for ite«rla pairs of glycols ^^is^fcrana ̂ *** Vffy w » h  
greater is the ©as# .of five wm^bmrwd ring fly©©Is than in 
the ease of sis®. membered ring, glycols* This it ah©m im 
fable III for eererm 1 pairs of ei*~t?ana isomare* fhis 
property of 1 sad tetreaeet&te may he ms#d to dote amino ring
Slo®.

fh# role played by the aeetie- a©14 in wglyeel splitting'm 
Is not merely that of a solvent* Aeotle aoid 1.® represented 
on tho right side of both equations (X) and ft)* If the 
smehanlem is eerreet* 'the eeaoontration mi aeetle ael& should 
play scm# part in the oxidation si nee th# equilibrium point 
for these roast Irno won id ho displaced to the loft by th# 
pres one# of acetic as id# Dlsplaetng tho equilibria in eqea«» 
time |1) and (2) to the left# would have mm an oversell 
•ffeet the slewing down of ^glyool splitting** Whether this 
is actually me or not way he determined by. carrying out the 
reaction in. ehemieally indifferent solvents using the same 
ooneentrat lone of diol at tho smm temperature and measuring 
the half life times* fable I¥ shews th# half Ilf# tise®
'uslag trans«eyeiehna*ft»e&l©X at 2 0 %  In various solvents*
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1% ©an to* aeon that tho rah# of reaction in ohowlemlly 
Indifferent aolvtmfea ia w k w f thtouaand time faster ttoan im 
mootio maid* Thia fact has practical application in toheftft 
easts fttoarm the dwiytd oxidation go## so slowly in meet 1©
maid -at E0#O that lid# wtelioms «r# mmmnmmmtng toe take 
pMot* Them an indifferent advent nay toe aiibati touted toft 
g#ot advantage eo the reactlorn way go mort rabidly even at 
roost toesiusratottre*

This mm? mmhmm&nm fey * g l y c o l epliit* i n g m$ tbarttet, 
i« eenalatent with all the eatpeyimental evidence and haa m 
great deal of corroborative evidence in tho .fl. sll of hi netlea 
studies too boar it out* It m y  fee aeon now why it ia noeae* 
sary too havo 'tmaubebl touted 'hydroxyl groups* If m&roly on# 
hydroxyl group war* tinswhstottouted* ©sly th© reaction ahoira 
in equatolom (1J refuse en#tolng the first i&toer&ediate, o-euM 
tak# pla©#* It is dif'flemlt to $©<5, hewev.-r* how ring 
#1 osot# could take pine# a® shown tu ©c\ut**m (g)* Ibcpey- 
Iweatoal evidence h m rm  cmt toho facto that if either ewe ef 
the hydroxyl groups is auba to 1 touted* *glyoel splitting* does 
not tab# place*

Im la tor publication* (10 H U ) #  Criegoo added one 
mere Into erstedlato# e^uatiea to tho xtechsnlem of *giycel 
splitting** Xn tho fommtolftm of tho mldohydoa op'toetmmi

TABLE I? Sftlvoot
Acetic Acid
m n m m  HI f;rohouaon«B i eh 1 oroot hmxm 
f ® t rm cb 1 oroe tliasa



30

from the of olio compound witli tee eliminati on of lead acetate# 
as shown in aquation ($}# bo r#as©a was given why there should 
ba a rupture of tea C«*d bond# it was in thia a tag© w!i#f© tha 
actual oxidation occurred* teat is, the lead ©hanged in vaian©a 
from 4 to 2* An additional aquation (3a) wea therefore pro** 
SK>sad white involved a free diradical* mi s aquation tote 
te# pl&ea of aquation {3} in tea mechanism postulated pp©vl~ 
enjily*
I >
I ''Fte{oeo®3)g — -> \ « it>(ocoeH3)g (sa)
I 1

«*v*0* i
I ------>2 *0*0  (4)**04P»0**
I

fit# a putting ant of load aaatata yielded # first, a l*4-il-» 
radical with free waleaaaa ea tee oxygen# Or la gee had pve~
wt manly shewn (10) teat ia all eases in white a 1 * 4 ^  t radical 
ia formed or ©an he formed# splitting of tee molecule aeaura 
hatwaaa a teas 2 mud $ (of* 76)# la a slallAr manner* it was 
reasonable to aaai»# that tea eyelie Intermediate in ^glycol 
aplittiag9 yielded lead aestate mm& the carbonyl compounds 
through the formation of a l.#4*dl red leal#

Present Investigation

It was the purpose of te® present Investigation to 
study tee action of red lead and acetic acid (lead tetra«* 
acetate) on long chain hydroxylatsd fatty acids, esters and 
alcohols containing tee ̂ glycol group# Goss pounds suitable 
for tee preparation of these hydroxylated compounds were the
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relatively cheap and abundant fatty scIda, ester# and related 
ecr;poitaiid» # which contained at least one stfeyleBie linkage*
The stenting materials In this Investigation were oleic acid, 
ethyl ole®be, oleyl alcohol, and castor oil# Various methods 
of hydroxyl&tion were avallable but the method described by 
Hlldlteh (S3) employing glacial acetic acid and 30$ hydrogen 
peroxide m s  found to be meat generally applicable s*nd moat 
desl mble for several reascns* In the first place, most of 
the unsaturated compounds wcr# soluble In. the glacial acetic 
aeld«4iy&res*a peroxide solution at the reaction temperatures* 
Furthermore» the same solventf glacial acetic acid, m s  used 
in the prepaswLtion of lead tetraacetate frost red lead and 
for Its reaction with the bydrexylmted compound* These sir* 
cumeianeee wade It unnecessary to isolate #it *r the hydroxy* 
lated compound or the lead tetraacetate# It was mere ly 
necessary to add the red lead In aa»X.1 portions to the fcydroxy**- 
laticn reactf u islxture to which sufficient sect 1c acid had 
been added to take care of the red lead* The initial portions 
of red lead'served to decompose excess- hydrogen .peroxide, while 
the reminder waa utilised in the 'reaction with the hydroxy** 
lated co® pound* Sy isolating and purifying the hydroxyls ted 
compound, larger yields of the dealred aldehydes were obtained, 
but It is doubtful whether the gain in yield of aldehydes 
compensated for the additional expenditure of timo and mator Idle« 

It is reported, howeverf that this .method ©f hydroxys 
1st ton yields some of the hyoroaty coapcnml In the form of an 
aosbylatod derivative, the percen t&ne of acetylated derive** 
tlve increasing with the reaction temperature« These tetty*
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lated derivatives are net acted upon h_ lead tetraseetate 
arid the yield of aldehydes 1* therefore dl&lnished# Hi# 
percentage of aeefcylated derivatives m y  fe# held to a-' mini** 
sum by carrying out the h yd rosy la t ten at rcore temperature 
but m v *  then a week is required for the completion of the 
reaction# The reaction may be speeded tip by beating but its 
exetherai# nature makes taaspemturn control difficult, eape* 
a tally In large betehee, and not only is the percentage of 
aeety3«tte& derlvattv# increased bat the total yield of predwerts 
la decreased because of excessive doe‘-■rtpoa.ition of the hydro
gen peroxide at the higher temperatures*

& m  iisiproved netbod of bydrexylatlen, baaed on SiMlleli’i 
procedure, was developed whereby it was possible to carry out 
the react!on at relatively low teeperatwves in a few bom**#
At the same time the proportions of acetic acid i M  Hydrogen 
peroxide to uneaturated eeaipetmd were materially redneed nsd 
the recovery of the product was considerably simplified# The 
essential diffe ranee between HIIdItch*s •-cotbod of hydroxy— 
let ion and the improved .method employed here., wee that it was 
found to be & decided advantage to heat the solution of gla* 
eial acetic acid and hydrogen peroxide for on# hour at SO°^8SD0 
prior to adding it to the umsatnrated compound.. Jn the Iiildlteh 
procedure all three ingredients were ^lxe& together am! then 
heated. The temperature went out of control very easily when 
the reaction was tarried out la thia way*

Thor# la little doubt that pemeetic acid rl&ys son# 
part in the hydroxy let ion reaction# Its presence i# Indicated
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by its peculiar odor* Evidence that peracetic acid plays 
some part, in the hydroxyletlon is shown by tlx# fact that 
aeetylatsd derivatives are fi'-rmod# If pure dthyd roxys tcarle 
acid is boiled with a large excess of glacial acetic acid 
for some time# eompera t ively little acefcylatien t&kee place#
If peracetic a d d  is postulated as playing nam part in the 
hydro* ylat ion, It can be .real: t ly seen that the add it lea of 
peracetic a d d  to the double bond would result in aceiylatad 
derivatives being formed* The addition of peruseids to double 
bonds is characteristic of that class of substances# The 
acetyl groups may be hydrolysed to yield pure dihydroxy com* 
pounds# Additional evidence that peracetic acid plays a one 
part in the reaction is shown by the fact that those sub* 
stances which accelerate the decemposit 1 on of peracetic acid 
cause a diminution In yield of hydroxylated product (33)* 

la the second or oxidation stage, the hydr©xylation 
reaction mixture was diluted with a u f f i ent glacial acetic 
acid to make up the total quantity reqnired or the purified 
hydroxy compound was dissolved In the required quantity of 
glacial acetic acid# Fled lead was then added in small por
tions# the lead tetraacetate thus produced reacted with the 
long chain hydroxylated compound to split the carbon chain 
between the carbon atoms to which the hydroxyl groups were 
attached# yielding two aldehydes# The volatile aldehydes 
wore usually recovered by ©tom© distillation of the reaction 
mixture• Prcm the residue the non-volatile aldehydes were 
usually separated by extraction with ether# These latter 
were difficult to purify in some eases and It was found more
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feasible to oxl<311*# the® to fch# spending ae£& *hleh
eould b# rea&t ly purified#

When olele aeid was ,oxldl##d by moon# • of <5 5.Into alta*
H o #  p©%a@ultss permmgaimt# solution or by _«:©#»» of hydi*#§©ti 
piil%xld#*tlaolal a##tle itefd, the high ci* lew .welting' f e w  

of 9#10*dibydwxy8teaiple a©Id w m  prepared* A word of ex
planation is necessary #ezto#mlng the designation# of "Mgjb* 
m®A nXernm melting for®# for 9#X0^1hydroaty»te#ri# Ihsm
the double bead In ©leie acid is saturated by the of
two hydroxyl groups* 'two asymetrl© oarbon -atoeii t w  fertsedU 
T&#«# are indicated by asterisks In tho fomula - for Ŝ lCt*- 
dihydroxyotoarle so id. stsowm below#

CHg ( CHg OH { GHg )TC OCS

Sin,co there are two asymmetric cartoon atoms, in this eompouad
there should be f e w  opt 1 ©ally set lire or two ra-eeule
wixfcure#* it there is a© reason for m  f m m e t r t e  synfehea i«
taking plan#- in the feydrexylafclon of tho double bend* tho
product resulting tfcouli be optically Inactive# aisi. should
bo the raoo.t£ie form# 3ueb is tho ease# If tho hydroxylatiea
of ©lele acid 1® carried out by w^mm of alkaline pet&seim
permmgaimt#* the meomtd mixture resulting has a hihher

/

salting point than the raeemle mixture ^e^rlting fro® the 
hyd roxy la t i on ©f ©laic a old by weans of glacial aeotle acid 
and hydrogen peroxide# Therefore* tho moemle mixture with 
the higher melt lag point in called. the friy h melting form and 
the recewi© wlxtnre with tho lower malting point is called 
the low melting form of 0#lO-ilbydrexyBtea.rie a©M# fhla
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syatra Is also employed In connection with other hydroxy* 
lated eoBtpcmiidfi of a ateilar tys3#* #*g* thoa# prepared frew 
©ley! alcohol |i ethyl ©lent#* etc* la tho react ion, with load, 
tetraacetate* both tho high and low malting forms of 9*10* 
dlhydbrexyntearle acid gav# exactly the suit® products in tho 
same yieldo# as might bo expected# The ethyl aataro of thooo 
substances also roasted la the same way#

Thus* whoa $#l€MIihydroxyat©arle o d d  m o  dissolved In 
glacial acetic acid and red lead added* the aldehydes wet*© 
obtained In about iO^TOf yields* Pelargonio -aldehyde was 
obtained directly frees the »t cam diet ilia to In over OTflf 
purity* a d  for further oynthotlc work could be need unai©~ 
tilled# Aaolalc half aldehyde could only be purified by 
vacuum distt1lotion whIch roeulted la a diminution in yield 
oinco a rather largo audiotillable residue resulted on heating* 
1% was found store feasible* usually* to oxidise it to aaolaic 
acid which could b® read I ly purified by roc rye t al ̂ 1 sat I on 
from water* 1%® pro©once of the free carboxyl group in ©«**• 
junction with carbonyl ice cl to have the effect of causing 
the aaolaic half aldehyde to undergo very rapid changes* 
particularly on. steam distillation* which prevented sails** 
factory further treatment* thio did not oeenr with the ethyl 
eater of a solute half aldehyde#

fhe ethyl ©tiers of the high and loo molting forme of 
t*10*^Hhydroayatearie aeid reacted with lead tetraacetate- 
much more smoothly than the free acids giving pelargcnie 
aldehyde and the ethyl ©star of aselaic half aldehyde in 
about 90^ yields and in a very high state of purity*
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them dele meld and ethyl olost® war# hydroxy lated 
with glacial acetic acid and hydrogen peroxide# mwA red lead 
added directly to febe reaction, dxfc-are# palm roomie aldehyde 
warn obtained in about yields, baaed on the unsafcwrated
mmmpoends* Thus® yield® were almost as &ood as the fields 
obtained from the par# dihydroxy expounds* when ths yield® 
of aldehydes were calculated os the has is. of the unset urated 
eowpownde* Me aselale half aldehyde oould he Isolated fro® 
the oleic aetd react lorn. mixture# although a a m  11 amciint of 
as#laic acid could be obtained from it by oxidation* The 
sthyl eater of aaelale half aldehyde eouId be obtained in 
about a 12 •5$ yield and in a high st&be of purity by vttiui 
distillation of the reaction mixture obtained in the ox Ida t lea 
af ethyl cle&te* The yield was $nlt-e small, however# and it 
was more feasible te prepare this eater free* pure ofehyX dihy* 
draxy®tearate *

ti ah# is interested solely In pai«rgcnio &Mabyde* It 
can be prepared most readily free* the naeatcrated cminaraad as 
described above« without Isolating the Intermediate hydroxy* 
lated eoaapeuad* The unreeryefcalliaod 9^10-HSlhydroxystearie 
aeid 'limy be oxidised directly with lead tetraacetate# The 
yield of pelargcnie aldehyde* based on dele acid mm the 
starting mat#rial# was somewhat higher than the yield in those
experiment® in which the hydroxy compound was not Isolated#

/

since here the acetyl groups were hydrolye ad prior to the 
lead tetraacetate oxidation# Aselalo mold was obtained in 
comparatively small yield#
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eul&r refractlvity data# molecular refractiwttte® war® de-
ter rained 00. the and I is corresponding acid and the
valuaa wore found to cheek with the theoretical for the um**
saturated eompmmds and set fey the hydroxy rnt:my-o%mciB* The 
£*4^1nlt3^phewylhy&2*uHme and simiearbasone top® prepared 
from the aldehyde*, and tho amid® and p»brem0 ph©naeyX o»tar 
from the meld* The melting prints of a l l  so Ilia were obtained: 
ami all the compound# wex*® c&ref^lly analysed* The melting 
points of the derivative® were found to cheek tho molting 
points of the derivative# re ported In the liters ini'# forV.
^~n€msm&ldehy&e and *^Wion«nele a old ore pa red by totally 
different nears®* The analyse# checked closely with the 
theoretical top the unsaitsrattd aldehyde and aeid« There 
wmm little doubt# therefore-# that the volatile aldehyde 
prepared tmm trihydroxystearle « M  was- tP yde
and mot 3-hydro«ypelarga»ile aldehyde* The yield of the 
aldehyde from trihydreaysteerle aeid was ah-.: ■ if TOfC* Aselale 
aeld could be obtained fpom the residue in abort Wff yield*

In commentI on with mm invo^tIgation of the const!tutlea 
of certain fatty aeld# present In ©orh, two irvo;-tipafeors (TO) 
had tlio occasion to prepare e#10#l^tr.ihyirosyat#arlc mold 
from rlelmolele mold# They oxidised C M #  hydroxy moia with 
lead tetraacetate and obtained an aldehyde which t h e y  merely 
stated was 5Hhydroxyp©larp-,n># aldehyde and which would be 
expected, since the structure of r*ein©Xoie acid wme known*
Ho analytical data ware given for this aldehyde or for it® 
2#4*dlnltrophe«Lylhydre#oi*e whose molting point was reported*
It sc arts almost certain that the aldehyde they obtained was
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^nosenal&ehyde fins® ttmy us«d the a&mm starting ssafeerial 
used i n fc-Jj invent tfrtioa, ami the s i t i n g  pci at of their- 
fc^d^isitrcphesylb^maoiie eheefeed fchb melting point of the 
8 , 4-d 1 nl t rophony Ihy&raaoiie prepared in the present invest!** 
gatiom* L*ertaaat«ly# the eonelvialeiMi ihey drew In their 
Smblloatlcet were seaffeeted by the ae&n&i structure of the 
aldehyde*

Caster #11 also yielded ̂ ^eitesaldehy&o In the oxide** 
tiea with red lead anil aeetie acid# Approximately 16 -̂ nits 
ef‘̂y»en®imM«b.f€e end 9 gMutf cf as®late acid were obtained 
froa 100 grass* of caster oil# In the ease cf m m  for oil it
was hof# dsstr&bl© to hyoro.xylata send the a oxidise without 
Isolating tho inter-.-md'!ate hydoo:tylated 'ret** rial bee ass© all 
mbl* *sa to hydrolyse the acetyl groups added cluring the 
hydroxylatitm resulted la glyceride liydrc^ys 1® and because 
there ■ H i  a# mmtbml mi purifying the hyurcxyl&ied cmtnrial 
one# it m s  isolated# Clyceride by* rolys Is -te undaa!r&ble. 
because oxidation mi the nonvolatile residtie seemed to pro
ceed mors sat I sf&eberl ly whea the carboxyl group w as eater:I** 
fled# Castor oil was the best starting material for the 
preparation of c^noaenaldeh^fde because the boat over-all yield a 
were obtained trmm it and so Intermediate hydroxyl&ted ao»» 
poa«A had to b® isolated#

The preparation of^-aosenaldahyde f r m  9#10#Xt*4ri** 
hy&rexyatearie a® id and from hydroxy la ted ©as tor oil was 
somewhat usenreoted el nee all the oxidation® of byuroxylated 
ooetpostide with lead t*tr*ae«tatt reported In tin: literature 
reeulted only Is gjlycol 'Splitting without any aide v-eaetieae*
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Also# mo ttxrasnal behavior had been observed in tho earldatlouft 
of 9#10^thyds*>xyst*arie mold ami. its atfcyl m t or# ®#l€N-di~ 
hy&»xyoofcad«aan0X«*X and In tho abhor oaid&tiona rer.r-rted 
hors*' $*XIMIiayaroxy©efcadsea»oX*X# wMeh contains am hy&rojgrl 
gromj> in addition to tho ̂ «»gXyeoX group# did not yield an' 
imaatur&ied aXdshyds w p m  eaidatiexu It scans reasonable to 
asstUKO* thoroferaf that a normal typo of scission ooerirred 
In tho onIdafelons of 0#lX)#l®»tHh>-dw*yste&r?d mold and 
hydroxyXatod oaator oil* Yfea hydroxys Idohy&e tb\m prepared 
aembalmed an hydroxyl tremp in tho/0*posltlen and bse&cae 
tho o^hy&rogaa afeewa in aldohydo* are particularly react lira * 
dehydration to yield tfca*( y#*«un»atOT©ted aldahydo eemM 
roasonahly hava ooourrod* In tho light of this theory corn** 
coming tho formation of ̂ mononaldohydo# It rmf fee safely 
stated that load tstraasstats fispaparad and utilised *ia aitu*) 
reacts with fcydraxyXatsd fatty aoids# esters nnd related ee»» 
pounds in a »infF ana logons to that prevSevssly reported for 
the aetlen of load tetraaoatabe on hydyojcylatsd eoapotmilt# 
and tha *aaehaiiisift proposed by Crlaga* ami hie ©e«*w©rhex*a (10) 
(XI) (Id) say bo applied without a Iteration*
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In thin invest !. gat lost, bh# elete maid used was of 
grade and was marketed ms olive a is ins* The oleyl 

alcohol waa also of gccd quality mud w  a pals yellow liquid 
having a pleasant fatty odor* ‘The ethyl cleats employed was 
the KMftiwm gfod&fc Pr&ebte&l grade* The castor oil was a 
colorless oil of !!#§#!% grads* Som© of the ehsmte&l propel** 
ties of these substances ar# tabulated in Tmble ¥•

tabl« ? mommim op matbbxa&s bs®
piftWiftmfclgftft, 1 lilUiftWftiiWWftuft'iirti •-»*> iHMimn *— .iuw.V»<■ iirii**»Mip|*wt|g>Mŵmi|S I I
ileut# Eqniv* iTedlue lo* t Satwiifieation
i 1 l : s 3
i f m d 1 Gale tPmnftiCala« I Found i Cals«
l 5 3, , .. r.i I I «♦
s 1 7  ' T : w I'

01sie Acid t s m t sse i SI*#! 80.® 5 « * * ** * * #
s i 1 s 1 t
t 4* $ i t t

Olsyl Alsehel 1 ft * * « # « * 1 97.1s Sft.S S *. l 4 ft #
*JL J> * 3 s' *m
t 1 $ t 1 #'

Kthyl Cleats «* * * * * # ■* * I 79.0s 61.8 » 505 *-4 510
t JL t : s 2«* * * # 4 4 I s

Oaator Oil { ** * 4 # # * 1 IMIftO s G2-80* 170.8-*"' I 177-107»ts ** s»i. • *> (Vftftft*»fftna—m .<,!(■ ■a-gg'gftJWfc., JL.., .lr.. , r JL I Hi» 1—©ft
«Bapoitfioat ion dumber

*®*ho ™*d load used was a ff r*’1— powdered e«wui rela! 
product which contained not leas than §§€ All the
other chemicals used wars of 0#.P# or analytical reagent 
quality*

A ll ne lting  points reported are corrected vet lues.

Combustions* were r a  using the apparatus described 
by Phillips and Hellbaeh (05)»
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For eonireniero** the dissuasion rotating to tho crnî  
datloro of hydroxy ©ompoiawla with load tetraacetate m y  bo
divided into three porta# (%} oxidation* i n  which pur®  lay** 
droxy eompeunds were used# (2) oxidet.lens in which the &y~ 
droxy compounds were isolated but not purified* and {3} «i<* 
da tlens in which the hydroxy eompcunds were cxidl&ed without 
being isolated from the hydroxylatiea mixture#

Oxldatlens In.Ohleh pure hydroxy ooaapounda were used*

This substans# was prepared essentially according to 
the method* of L# Sueur {45} and ^aybseff (62)*

12# gimw® of oleie acid {*45 sol®} wo* dissolved ia 
1100 ee# of:, water eontoinlxig 58 gram* ©f pot a* a iuâ  hydroxide 
{#§§ mol#)# the solution m s  well stirred and cocled to 0°0# 
beaching quite viscous at this stage#. By scans of a dropping 
funnel# a solution centsInlag 126 grama of potassluxa porosis** 
ganat© (#80 mole) in 1900 cc* of water was added slowly# At 
no time was the temperature allowed to rise above 10°C tad 
the shirring was kept very rapid throughout# After all the 
perronganate had b##m added the stirring was oontlnuod until 
ttee reaction had reached roc® temperature* The > onetiom mix* 
tnre was then allowed to stand ©vernl&Ufc to permit the e©«* 
agulatlon of the manganese dioxide* The precipitate of man*

CHg {Cf%) ̂ CUs® { 01% >^0 001 
^  alk. HiO|

ch3 {oi% )7choh f m 2 }fCom 
m  m

f,10»&lhydr oacystear!©
Acid

01# i© Acid
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ganesc dlvxiao sms filtered iou waahec! sevaml tiiass with
b©I21:ug water* Ha ordor to ramovo all the soar? from the mam*
geneso dioxide, it mm,M necessary to transfer tm# preotplfc&to 
to a large be&ker, add botliriu water &nJ stir the mixture well* 
tliis was filtered and. the aqueous &Mutlon wan, Ci.-mbined with, 
the tiaim filtrate* The combined filtrates were cooled to about 
10°C and acidified with, dilute sulfuric said* lit# white
precipitate of 9#10*dthydrexysbe*rle acid was filtered'by 
suction, washed with cold water several tires to re*sowe excess 
sulfuric acid and suehed as dry as possible# It waa reerys-*
talllsed f r m  athyl alcohol or ethyl acetate*
Yield s 67 grama or 40^
HentraXieation Equivalenti Fotmd 511-320Calc «( C XQE Ô i) 31#
Melting point i 1£*~160*C Literature 190*&*151€>C {62}

^%COHt)y0K*CM(CO%)feooi oleic Acid
^ H g ( g  5 0 £ ) «t C % €  COT

OS * C O U  )„0HCH < €1%) -0OOH § # X©*&iteytf rcxystearie* K | \ U f laid
CQ CR

I'M a substance was prepared by a modi float ion. of tbe 
method described by Hi Mitch {53}#

667 gnat of 6C& hydrogen pex*coElde(6*#Odoleo) wta die* 
solved in 1800 oe« of glacial acetle acid at room temperature 
and heated oa the steam bath for one hour at 80*83°€ • this 
solution was cooled under the tap to about £6«>c and 706 |r»®s 
of oleic *eld(£#6 molee) was added.# The solution, was stirred 
occasionally by hand# The reaction was exothermic and the
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temperature rose rapidly i© about 65°C# the solution beeswing 
hotaogenemia about that iiiae# The temperature ©©ntinvieA to
rise slowly t© a maxi m m  of about The solution was
then allowed t© cool to r©o» temperature# the exotherttic 
reaction. ©©ntiiiu^d for some time after the waxirun tempera** 
ture was reached as evidenced by the fact that the terror©* 
turn fell eery slowly* Hie reaction, mixture m s  allowed t© 
stand ©vemigbt* It was filtered free ©f a waxy solid prior 
to its being poured into hot w*it®r# although this wms not 
found to be essential* ffe# mixture was then poured into 
HOOD ee* of hot water and the whole well shaken* After a 
©lean separation into two layers Had been obtained* the 
aqueous layer was siphoned off* Trie residual mil was die* 
solved in 4000 ©a* of water containing 750 ©a* of 0 f sod Inn 
hydroxide and heated for about two hours on the steam hath 
to hydrolyse the aeetyl groups added during the eourse of the 
react ion.* For ©©nvenienee in headllng* the solution was di
vided Into two parti and the dthydroxyeteari© meld preeipl** 
tated by neana of 6 1 hydrochloric acid while the solutions 
were still hot* fbe mixtures war® ©ooled until the dlhjrdreaqp* 
stearic aeld floating on the surface had solidified^ The 
lower aqueous layers were re iceted* Th@ solid cakes were 
eosiMned and readied 1b S0O0 so* of hot water containing 
a small aneuot ©f hydrochloric acid and the mixture was then 
thoroughly stirred* this washing with water was found to he 
essential for the preparation of a pure prcduet beeanse it 
remeyed inorf&ni© salts and soap which wore rcoohanteally 
included in the dlhydrrxystearie a© Id and which ©cmM net he
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removed by ettbswfueiifc roerystalllisatlons* OrniBmim of tela
Btmp yielded a product with a. aeutralia&ti on equivalent 
forty to sixty units too high* The oil was again allowed to 
separate and solidify# The d 16y^rc^ystsarte mold was *#$*.<• 
rated fro® the aqueous layer and roc rye ta i X i»:ed fro® 96$ ethyl 
alcohol*
Yield t $113 *pms or 4i$
geutrsllMtlm-J^utvalenti Found 314~3£0

C alo • (C x&H ) 3X0
H«lttng point j 39-®le0 Literal; w «  «S°C {33)

Fr#parat3.oti of Ethyl 9*10^Blhydroay»t#arato{Histi êXtlmg}?
l/lils compound was prepared from- the dried# unracrys-* 

t&Xlised high melting 9#X0H5ibydroxyafce&r.i© sold whoa# eye** 
thesis was described previously#

The crud# dihydroxyat ear£© mold prepared from 189 gram 
of oleic sold (##7 molo) was dissolved :lm 600' ee» of bet 98$ 
ethyl alcohol# and 800 ac* of carbon tetrachloride end 5 gram 
■of eeneentrated sulfurie ao£d wars added# The solution was 
slowly distilled through a long Ylgreux eoltsma. into m SO0 wo* 
separatory funnel until about 980..eo# of distillate had been 
oollooted. The distillate cams over at ®f°0 end was a ternary 
mixture of ethyl alcohol# aartnm. totraeh 1 ori.de m«d water (84)# 
Tbs distillate separated into two layers in the separatory 
funnel* The wjmer layer cans is tod of 68$ ethyl ale ah cl# 
water and 10$ carbon totraeliloride# The lower layer consisted 
of carbon tetrachloride# ethyl alcohol and asmll amounts df 
water* The lower layer was drawn off and dried for a few 
minutes over abhydroua potassium sarbonate an& returned to tbs
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system* the relatively small upper layer was discarded* This 
process was ©ont timed until two layers no longer- formed# The 
Single layer was them dried and returned in the a&jsc may* The 
process wee ©entimxed until no wore fĉ rbid drops earn# over# 
This was considered the end ©f the react ion* The total time 
for the react Ion varied, with the amount of water in the &i«* 
hydroatyate&rle a old and the alee of the bat eh* Shew the re** 
action was complete about 600 e#* of diet!lists was collected.# 
The r#ai4n® in the distillation flask wee filtered hot and the 
filtrate w&a chi lied in the refrigerator* k whit®* apparently 
cjecrphMC solid separated m  cooling. It was r-aerysiallieed 
tram 96$ ethyl alcohol*
¥i®Mi 90 grama or (Baeed on dole acid)
Saponification Equivalenti Found M 9

Calc# ( % 0B40% )  344
M.lting polat t 95-96°C Literature 09°C (68)

P̂repayat ion of gthffl 0*iQ"»Plhydr®?.y&t * a r a t e C low !l ® 11 lug). i
This eater was prepared front the crude, \mrsorystal*

ll*ed low id© It lug d Ih ydroxyatearic acid,, the preparation of 
which has already bean described* If mra prepared in almost 
the same way as the high ruitlog oRter* The only TerictlCtt 
in the procedure was necessitated by the fart that this cuter 
is more soluble in alcohol than the high melting eompcmnd*
The residue in the distillation flack was filtered hot at the 
end of the reaction after 630 ee. cf distillate had bran col-* 
lee fed, but on being cooled a w r y  peer yield of ©stsr w&« 
obtained because of its high solubility in ethyl alcohol* It 
was necessary to reheat the solution to hot 1 *ng and add hot



m

water until the soiutioa was & lightly turbid* Alcohol was
then added until the .sciatica m m  clear and sufficient $2ie»
hoi wms added in exoesa »o that the eater ©rsi m t  mt solution
in the crystalline state instead of mt oil on beipp ©billed#
The ester wus recrystaXXlead in the t«ie fashion using a iiaftU
quantity of Daw©* It forrsed small white crystals *
Yields 49 &mae @r Cb, (Based on 141 grama ©f ©lele acid)
Saponification Equiva lent t Found 54T

CmXe * I %-^40°4 * 344
gelfcla* polnfet &8*S~S6.®®C Literati!**® Et*»80®e (88)

JPregamfcioB. of 91IQ-Slhydroi.yociaJecatiol—1 {baa Msltia&)>

CHS(CHg)7CHrCH(CHg)?Clig;;H Cleyl Aisohel
1  HgOgCSO%) ■*■ CHsCOCH

C.Hs(GIlg)«C;ESH (ffiigJwOSpai ®,10-Mhyrtr©3sy*
* lj ©etadeoanol**!OH oH

This fcrlbydrle elos&el tis prepared by the method of 
Oolite end llildlteh {€) ewpleyinfr the lwprm 'rta described 
under the preparation of the low melting 0 # 10-&Ihydro^sbearie 
acid*

80S grass of 301? hydrogen peroxide (£*0 aeles} was 
dissolved in TOO ee* of glacial aeetie acid ©t room 
h a t  and heated on the at ©an b« th for one hour at SO-St^O*
The solution was then eooled under the tap' to about 03®C and 
£§3*5 grams ©f ©ley!..mleetiel {1*0 mole) was a^ded* The «©** 
Intioci was stirred oeeaaiomlly by hand* The react..ion wms 
extremely «x©th#r»i#f the temperature rising very rapidly to 
6®°C* at which time the a elution became homogeneous* The
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t w p i w  ture continued to Pi so to about ?2®0 where it remained 
for aome tiste and than foil eery a lowly# After standing m p *  
night* the solution wo© poured into 8400 ©e* of hot water and 
etlmsd wall# The lower aqueous layer won »J phoned off after 
& clean out separation into two layers had been obtained# Hie 

oil wsa neutralised with 1 If alcoholic potass iusa by* 
droacide ana. © ©a© 11 top e^eeae was added* This aHotilao cck 
Xutiom was ref lusted for two hottrw# Th© alcohol was w&poraied 
and the product was thrown oat as am oil by- the addition bf 
gOO0 ee+ of hot water* In on# ©*per!rnont the mss of mold 
water to precipitate the alcohol resulted in the forestion 
of a thick emulsion which, could not he fq Itemed and emrld 
'ha handled Only with great difficulty# The •rlattnre urns well 
stirred to rewow# aw much alkali m  rose I hie fr* the ell and 
then allowed to seel until the oil bad solidified* The lower 
acseeua layer was poured off and the solid ©she was r©melted 
and stirred, with hot water# This was allowed to cool and the 
ell to solidify* The solid!fled product* whiofe wmm yellow* 
brews in color# was broken into smll pieces* transferred t© 
a large clisb# and allowed to dry in the air* It then re-* 
crystallised one# from ethyl acetate Daw©* A wMtee
crystalline pro&uot was thus obtained# A towp product may 
be obtained by an additional reeryatalllsaticm. Fen the 
pnrpoeee of this investigation this was unnecessary* 
y i # M  I 1358 or 40"?
Melting points ?3**7B*C Literature S2-0&*5^0 (8)



Sis®# th* samples of rleiftolei® a® id at ®ur disposal 
had undergone #e many internal whang®* § castor ail was used 
a® tli® starting Thl« was an advantage ulna® It.
would fea?$ been necessary to hy&rolyae the east or oil td ob~ 
tain a good sample of rieimol#!® acid# and then* after the 
hyd,rexy l&ticm,* to h^drolfs® the a®styleted hydroxy. compound 
in order to obtain the fra® brlhydrexy compound* II#lag 
caster oil as th® starting material* on® hydrolysis served 
to hydroly®# th® aeetyl group® and saponify th® glyceride*

&£$ groins of 30^ hy&regex* peroxide (0*0 moles} aad 
i20 co* #£ .glacial acetic acid w e  mixed and heated together 
for ©a# hour at ^CMJd^C* fa# solution m s  oeolad under fcti® 
tap to ££°C and oil grains of ometor oil {approximately *33 
»el® of trlrloinwlelii) was add®d« ‘The .mixture was stirred 
occasionally by hand* The temperature roa® rapidly b about 
70°0 at which point too solution a@oaa® homogeneous* Tb® 
temperature of the reaction mixture fell slowly and the 
solution was si I owed to stand overnight* The aooti® aeid 
was removed toy steam distillation and the residual white* 
viscous oil was refluxed for twe boars with 1000 ee* of XOjC 
sodium hydroxide solution* The solution was then aeldlfled 
while hot with dilute sulfuric aeid* 4fhe 9* 10*19~£rihyarcs*y* 
stearic aeid ®es»«.t#d out as m m  oil and sol M i  fled & m  &
light brown solid on cooling* 3h® lower aqueous layer was
poured sway* the solid revolted with boiling water and the
whole stirred* Enough sulfuric acid was added so that the
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* 1 1  f l o a t e d  on the e u rfee© of the eolation* The nlxfenr* v t i

again allowed to uool and the lotir m q m m m  layer wm® die** 
oarde&* The solid cake wee dissolved in hot ethyl alcohol* 
Bare© added aad the seifcture f • It©red hot# The alcoholic a#* 
littIon its allowed to eool slowly and the s«all white ery#tala 
of 9# 10 ihyd wxys t ear I o acid wore filtered off acid. dried#
It %m important to aveM us lag too much ethyl alcohol la the 
ree ryafeal 1 issati©a since the acid 1 a fairly soluble in this 
solvent*
Yield f 92 grata® or aptrestl stately 28$
Seufcrallsatlea Equivalent i Found 337

€ ale #.. C d 3 S  ̂fl ̂
ysiafei ios-io®°a ut«*wfcur« u.o»m*c <*>)

Iodine Hwabert 0*8
Th# question arose ..later on in this Investigation 

whether th# above jftafttlened method of hydroxylation of castor 
oil caused a dehydmtien to talc* place splitting onto water 
hetvsen emrhoaa twelve and thirteen# hecaa.se in the subsequent 
lead tetraacetate eatidatiea, of thia hydroxy eepporad af^enezi^ 
aldehyde was obtained instead ©f the earpeefced 5̂ ydrosry.pela3P»- 
genie aldehyde# It mmmwm evident from the icdlrm nvmhrn# of 
the above product that it im co^r>let©ly saturated# Hi# m u *  
tmliasatiim equivalent and melting point boar out the fact 
that the compound 1® 9* 10*&JBM*rihydr exy stear!© acid# 'The de-* 
hydration# therefore# tssl occur at some later etag© find not 
duri ng the hydroxy la 11 m  •
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■m I dising agent from th# solubles and th# stifling was them 
stopped# TH# reaction mixture was wcrl«e& up in either Of ttei 
fr? lowing two ways* (1 )The reaction mixture was dlluted with 
500 ee* of water t?ifi stea distilled until mm mrnrw oily drops 
eane w a r *  The d i s t i l l a t e  van with ether* the ©btiop

iioln.ti.on trashed twice with water, then wJth a solution of 
eofllum H i e a r t c m t ©  C # f*vmrm/lOQ ee* of w a t e r  ) u ntil the 1©*©* 

araieonf? layer wma alkaline# and then with water until the wash** 
lugs were neutral* The ether solution was dried over tnlif** 
dr cue e s. leftist sulfate and filtered* The ether was evaporated 
under red need, pressure* The residue consisted of a eel or lose 
ell. wfth a. sharp, although not unpleeeeat# odor* This oil 
proved tc be pelar^onle aldehyde* The ateam distillation 
reniduo was coded dawn to room temperature and extracted with 
ether# The ether solution was washed with water until free 
of load a d  sect 5c acid ur?d dried over anhydrous calcium stil** 
frte# Tbe at?-'or solution ws.a f iItered and the other evepe*- 
rated under reduced pressure# The residue was a pale yellew 
vi a cone oil which solidified on coe'.ing* This provefi to he 
mainly axelaic half aldehyde {CKfemyl*l»oetanoi« acid}*
(«> The alternate metbod of working wp the reaction solwtlea 
was to dilute it with SOO 0 0 * of water and extract it twlee 
with 500 eo# pertlone of ether# The combined ether eolations 
worm washed with water until free of load and acetic meld and 
dr tod ore r arifc >d roue calcium sulfate* The sciutioa was fil
tered anti the ether evaporated under reduced pressure# The 
residue was a pal© yellow limpid nil* This oil was eh 11 led 
In the refrigerator to about <*X0°C to throw out th e  assist©



« M  toy th# ant©«K«tidati#» ©f fell# a&#X*l# half aldstoy&a*
fhis rraalpifeat# was filtarsd off mmi ««she6 with a #«mXX 
amaunt of pairals^w etfeer# w> frh clitsoiwt » faXl of
adhering aldabyda# without dissolvisg any as#laIs Haw
asaXaie at Id was further smriflsd toy rasrysiaXXiaatian from 
hot water* Th# r#signal oil from th# aaaXals said separatism 
wmm than vaaataa distilled giving a sls&n #t*t separation of 
th# tow# aldehydes* If w r y  par# prodnot# war# desired a va* 
©mna distillation of th# aldehydes m u  eseeatiaX* Bewewsw# 
far meet th# aldehyde# a# prepared toy m#tohe& (X)
war# pttr# snon^L and ecmM be iaolatad in a shorter tin##

The feXlewing serwe to© aha# the yield# of
pradwat# obtained toy th# tw# methods #f ts#latia$ th# aldetoy&ss* 

Ssiployitig th# first metohed deseritoed* TO grams #f pslar^onle 
el&sfcyd# (tt.il yield) and If gran# ©f asel&ie haXf aXdahyd#

yield) war# obtained from 65+$ grams of §#X0«* dihydraaty^ 
etesrle a#id* Smpleyinf; th# assent! method deesr:Itoed* 63*$ 
grams of $t10^Xhyd:r#nystearie a#id yielded 4 r;r#wa of asa»
Xai# 11M  snd M  grama #f ell to© to# was 7 ■#* distilled* The 
fraoticaBi obtained and their tool Xing range# are aliow helms*

At this point tha temperature begem t# fall and than stoat up 
rapidly#

3 il4fW168**C/X6 w  J 8 t toelargettie 4 © M
1 . ... t I



m

Th# temperature fell \ tfc this p o i n t  m m  th e n  ro s e  again
vorj rapfdlT*
weŵ.*.tN*wW'- <•* { aeixtng M,nm % ®fc# in ftraaga 1 identityI 3 t

t 195^197°0/l.tea 1 14 ? A s ® laic Hall”
: Ai&ohy&e (41& jgjeld)

I * tResidue # 3 @ *
o h t ia e n s is t -®  2 s 2
in dry lee 1 1 § :

2
The identity ot the trarieus procluets obtained w e  

determined in the following ways g
^lar&oalo Aldehyde» 4s isolated by steam distil* 

Xation, it m m  found to eontnin appreatfwately 94# pel&rgo&le 
aldehyde dote mined by th® hy&roxylamliie hydrochloride method 
{!§}* When this Mtfpiil was trifled by fi©w ̂  distillation 
or isolated by vmeuimi distillation according to method 12} 0 
It m e  femd to contain approKimaiely 99*100$ polargonio 
aldehyde*

Th® #&lme he® prepared aacording to th® method of 
lagerd (1) t and was reeryetalliaed twlo® from petroleum 
ether* It femed long, flat, colorleee need lee* belting 
point 63M&°C» Literature 64°C (15*

The gf4^i«iitw-|^enylhydJMUsene was prepared in th# 
manner described by Shrimp and Fueen ($*?)# It was reerya* 
fcellised twice f r m  96$ ethyl alcohol, and wa# obtained in 
almost qmntitatlwe yield as long^golden yellow needles* 
Melting point 106*106♦6°0* ttteratnre 106*106*4°C {IS}* 
Because of acme ambiguity in th® literature concerning the 
Melting point ef this derivative, carbon and hydrogen analytes



§1

war© ran*
65.6$ 55.S

#*03#•00
SaXO . S {CjJHgg °#4  ̂ «.B8

60 gra-is of pelargcmlc aldehyde* or ismts^l for
four howa la tli# aerator described 6y S#nee«im ia.xict 3tttfcha 
(6 6 )* was eoiiertid to pet&rgoni® acid In 04^ yield* *?he

2M0G to 46°C la a short tl«e# The aeration ulxturs wai im» 
$ v m  distilled yielding pure pelargenle sell. Bel H a g  pel&ft 
U S - i S O ° O A 3  * »  (40). Mslfelng point 11 - 1 8 * 0  (5*)* T h *  J»-

6rMoph#iift6yX enter of this acid to® pr#paned aaearding to 
th© method of Babb* J&eid t M  I’&edeson. (2£) t.wX fonmd pearly 
flakes which no It ©4 at 64-66°C (§6) after two reeryslallijfce* 
fcion® from 66$ ethyl alcohol* Literature 65*5°C (56).

The t m t i o a  mixture m o d  m t  fe© yacuua distilled to 
pur S fy th® pelargjonlc wold in order to prepare ethyl *p©lar* 
g««iat# f m  It* Tfe© reaction. mixture wan disserved in a 
large excess ®f 0S# ethyl alcohol which contained X$ ooncen** 
tmte# sulfuric acid and was reflwaed for three hours* the 
aolutlcm was washed with water until, free of a m l f u M e  meld, 
mahsd with ae&luns toie&rfeeiiate aolutloa until.free ©f pelar* 
genie aeid. and with water until neutral. The oil was dried 
ewer anhydrous ealelwsi sulfate, filtered and waeuuss distilled ♦ 
Ethyl pelergemte was Isolated in a eo£ yield* It was a 
colorless limpid oil with a pleasant fruity odor similar t© 
apple eider*
Saponification Beuiwalentf Found X#S|XS6

reaction was quit# ascot

Gale* {OnH^gO^) 188* 5



m

A d d # T M #  substance m m  mot a primary 
product of tli# oxidation ra&etion hut was obtained beectisa 
of the m t m  of autowoxldatloii of pelargcmla aldahyda* This 
M i d  irs® identified a® described nmdar palargcmla aldahyda 
by mesa# of it# molting; point# boiling ranga# tb# malting 
point of it# s>*bromaphamcy 1 m m & m r and ill# boiling range and 
saponification equivalent of Its ethyl mk®r*

Ayalaid Half Aldehyde,» This stilus tame# was vary mtmm 
to undergo apcmtaneeme politenisatlorn f4$t# Frevlene imrea* 
tipitioms tore Indicated fcho difficulty in worfeium wltti this 
eemiMHaadl fewwi# of it# e&treme Instability {£1} {£7} (BS)* 
fill# Sams difficulty w m  met tent*® and It m s  Impossible to 
to#P thla aldehyde for any length of time before it became 
worthlmi for any further use* It m s  bast purified by m** 
e m m  dlstiUetlam* Bailing point Xif*49?0<f/ls mm# (Bl)+ 
VaatBM dlablXXetlen rasnltad in m decrease in yield of this 
aldehyde elnee beating accelerated its p#l:yi#ri#atioii and 
decomposition* ©m cooling# It formed a atalta amorphous maas* 
Malt in# point 4©"»d£*8« Literature SS#G (4$)* 
toufeimlisatlem Sqtdhralamti Pound 1 W

e«u« m
Tbs aMlaartoaama of this aldabyda wa« pro pa rad (if) 

axid m d  obtained a# a whits powder on reeryatalllaatien from 
ethyl alcohol# halting point XS1*4.§2°0* Literature 160®# 
ldS°C (ftl)(£?)»

From one mala of dihydreayetearie add# IS© af
a##laic half aldehyde eae isolated by the staa® distillation 
method described above# This material wm# dissolved in a



m

Slight excess mi ©£ Medina hydroxide solution se that th# 
pB w m  8-9# Mith very rapid stirring* a solution of 237 gjmm 
(1«5 mol##) of potasalum pernagemate in £640 ee# of water was 
addled all at once* Th® solution tended to foam w a r  In some 
experiments and a small amount of henceac was used to break 
th# fmm, if necessary* The temperature rose quite rapidly 
to 71*0# 'The stirring was continued for IS minutes after the 
pemauganate color had disappeared* The oxidation mixture 
was allowed to' stand overnight to pewit the settling and 
eeeguX&Meti of th# manganese dioxide to take place* The maa~ 
ganese dioxide was filtered off aim! washed several times with 
small portions of boiling: water* the precipitate was trans
ferred to a targ# beaker and stirred up with about eme liter 
of boiling water* This was filtered off and the filtrate 
combined with the main filtrate* The a a'inti ©a was evaporated 
to about thrae liters and acidified while hot- with dilute 
sulfuric no id* .A pale yellow oil was thrown out, and the 
mixture was filtered* Most of th# oil was retained by the 
filter pa,per* The m i l  quantity of oil which parsed through 
the filter was resowed by boiling the filtrate with a small 
quantity of Oaree* the solution was refiltered and allowed 
to cool in th# refrigerator* The crystals of as#laic sold 
were filtered off* washed with e o M  water until free of sul
furic acid and reerystallised from hot water# The aselaie 
acid weighed 47 grant® (£©f yield based on dlhydrcxyste&rle 
acid)# and melted at 104-106°€« A mixed m #It 1 ag point with 
an authentic specimen of aaclalc acid was unchanged*

All attempt® to oxidise the half aldehyde with hydrogen



pesmld* ware unsuccessful with th# aldehyde dissolved to 
either sodium hydroxide* sodium carbonate* sodium Moafbonab# 
or acetic acid solution* Only extremely small amounts of 
as a laid a eld eewld he obtained*

product of th# reaction. and was Isolated m  indicated under 
method (2) • Purification was effected by dissolving th# 
af#lal# acid Is hot water containing a small quantity of 
Dare#* filtering and allowing th# aaelale mold t# crystal!!*#
slowly* It formed large* flat# pearly flalcss* Melting point

o104*10$ C* A mixed melting point with as authentic sample 
gave so depression#
(btidatlon of gthyl § * IQ^Slhydroays t cars t e with. Had lead mud 
Acetic Aeidt

« H(CH*}w€SCe8(GEA}MC00Cja» Sthyl 9*lCMihydr«j#»
#* gums mis* m

Again mo difference Is behavior was observed between
the hlgjh and the lew melting f®mm ■*

ft grass of ethyl 9*10«dihy&roxystea:rttte (#2 mole) 
was dissolved in 500 ee* of gleeial acetic amid at &§*&5°0# 
1SX grams of red lead was added exactly as described under 
the oxidation ©f 9#10**dihydrexystearie mold# At the eosi~ 
pletion of the reaction as determined by the leuee~nalaehlte 
green test* the solution was diluted with BOO oe« of water 
mad steam distilled until no acre- pelargonie aldehyde came

■fhl® substance was ale© a secondary

f%«o* * ch«c o<h
Felargomla Aldehyde mud
Ethyl later of Aaelale 
Half Aldehyde
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sspontfteotl«m equivalent of 198»5<»801*5*
found* Cerbsii 65*9^ Hydrogen ID#SJ?

*5*8 ~ io*i
Cel© • I < % i % ® % )  66 *0- 10*1

All attempts to prepare th© aemicarbasone yieMed oils
whieh eculd mot bo mad® to ©xystellise#

M i  oat o f formed a 844^1mltrophonylhLFdMS€mii in
qwontltetive fields* ohieh OF*/«talll«o6 as gllstseing follow
ooodleo from 9$J£ ethyl aXectool* fhe molting point was sent*
stent often three reenyatallisetloM* Halting point 05**§4°C*
Found * Carbon 55*6^ Hydrogen 6*85?£

§$•§ ' 0*S4
Cole* f C % f % 4 % M 4 ) 85*9 6*86

fit# refvaetlvo tmdasi and dons it f of this oldohfdo wore
a©fc©rralne<S at 88®C.

n®f* L4548 4®|° 0#fS8OApp© 4
from those values the atoloealor refroetivlty was ealewlabed* 
foundi §5*?
Cel© . i (CjjHgq % }  54*5 {80 )

lead and
0 %  {C% )f ffiCH < 01t }^Sm m  f # 10»Dihfdn<ttf os tsdeeoMl-d

CH OH
*5%  4 CB36OCB

0H${0!l£ )yGH0 CE^CtfCCH^JfCMO .Pel&rgOTtlo Aldehyde and
9»Hfd.i^ypolorgc»ftlO
Aldehyde

101 grams of 9#10^1hy&r©xyoeta&ecancl~l (*5 mole)
m i  dissolved in 1BH0 ©o* ©f glaoial noetic a©id and oxidised



§1

by means of 577 grama of rod (*88 me-.!#) as d««erIbed
previously* After the reaction was complete* the reset ion 
mixture was ciiluted with about 3500 ce* of water and well 
shaken* 'flic mixture was then extracted with two 1000 ee» 
port lone of ether* The combined ether extracts were washed 
with water uat.il free of lead* with sodium bicarbonate so
lution until free of acidic substances and them with water 
until neutral# The ether solution was dried over anhydrous 
ealeim sulfate and filtered* The ether wm.m removed tinder 
reduced pressure and th# r m ideal pal# yellow* pleasant 
ss&©IXing oil was vacuum distilled* In this way SO- grans of 
pelargcml© aldehyde (700 yield) boiling from 80*90®0/i4 am* 
and 40 $ m i  of 9-hydrcxypelargeale aldehyde <51$ yield) 
boiling from X85-X¥S®€/14 mnu were obtained*

08$ free pelargoale aldehyde (88)* The boiling point of 
pelargonio aldehyde was also determined at two other pressures* 
Th© boiling points were 49*83*0/1 mm* tad S§-«*$7°0/* 1 mm*

white waxy solid and- tended to ©log up the condenser if pro* 
cautions were not taken* It molted from 4l~440C uigreerys- 
talllsed mad from 55»50*C after two reorystalllsatlons from
xylene* Literature molting, point §9°C and boiling point 
158-15^0/14 mm# (53)* Tin© pur© aldehyde was a snow white 
solid with a very pleasant odor*
Founds Carbon §@*2$ XX *0$68*2 ' 11*5
Calc * i (CpSxB%  ̂ ds*5 11*5

This fraction contained overgon-le

This aldehyde was a



m
411 attempt* to prepare the banaoat* and 5#5«*dlmitre** 

bem&oate yielded un&ryatallisahl# alia*
Tha percentage or aldehyde was found to bo $8»s£ by 

tha Mthad employed by l&dlea and hie eo~w© r&era
fh# boiling ranges of this aldehyde at ether pressure* 

were found to be 119-iB6G0/l asa* and. 1O6»1SQ**0/*1 mm*

The oxidation vaa carried awt in tha laistf already 
described wing ii#4 grasus of 9#XOjl0^tribyS.roxy«taarie mold 
(*S mole)* 1-61 gnat mi red load (#£& mole) and 60© ee# &t 
gl&olal aaatia acid. The reaction mixture was worlssd mp 
aeeordiftg to th# first ssathod described undar dlhydrexy* 
ste&rle amid*

Ebe aldehyde wbleh was isolated from tha steam die** 
tlllate was a pa la yellewish*»greem oil with, a sweet but 
a lightly ranei& ©dor* This aldehyde was believed to ha S» 
hydroixypalargonlo aldehyde at first# hut subsequent invest!~ 
gat ion proved it to be ©C«non#nmld.ohyd® * Fro®. the above** 
mentioned amount of trihydroxyeteari© meld* 20 grams of <<«* 
nononaldahyda of 94p purity (68) was obtained* This was a 
#*Ti yield*

a I
«gHM.g.)§®CS0ai0ll (GBg )7COOB f # lO , rihyclrê ys t earle

0H*8j { dig 1004.J.W VJ.4 V*.j- V

ffegdg 4 dHgOOOR

0H0 ( €il§) yC o ®  °(*lcma Idehydeand AreXai© Half 
Aldohyd#



m
Id attempt was made to purify the assists half alde~ 

hyde# It was oxidised directly to aselaie acid# 4a Isolated 
from th# steam distillation residue, the agelale half aide- 
hyde was a light brown. vie#on* oil# It si@ dissolved la 
enough 0  sodium hydroslde solution so that th# ffl was about 
8**f# to this well stirred solution at roan temperature a 
solution of 44 grams of potassium permangattat# {#S8 moles)
In 500 *e« of water was added all at one# with very offielent 
stirring# Th# temperature rose rapidly to about &S°C# th# 
solution was stirred for fifteen minutes after the perman** 
giimlt color had disappeared# After th# manganese dlwlde 
had settled# the mixture was filtered and the residue of 
manganese dioxide washed, with boiling water several times#
The precipitate was transferred to a heater and washed tho* 
roughly with about US® ee# of boiling, water# This urns filtered, 
and the filtrates were eembined mmi evaporated to about m m  
liter# The hot solution was aeidlfied with dilute sulfwte 
.seid# Th* solution became milky and a s:aall quantity of oil 
floated to the surf see# The solution was heated to boiling 
with it small quantity of Oaree and filtered * The filtrate 
was allowed to cool and the «#lnie sold whieh erystallised 
out wmm filtered off# washed free of sulfuric acid and dried#
It formed small white crystals# The yield of aselaie sold 
was 14 g m m  or 3 0  baaed on. the trthydrewystearie sold#

eQ»KoaenaIdehyde# The aldehyde was purified by vacuum 
distillation under reduced pressure and boiled from &0~6$°C/
#1 mm# It is hard to conceive o f any dehydration taking 
place at this temperature and it should be noted that the



m

ebettleal properties of th# p m m  vacuum distilled aldehyde 
and th# aldehyde as obtained from th# steam distillate war# 
practically identical*

This aldehyde* dissolved in carbon tetrachloride, 
absorbed bromine very rapidly (§^ bromine ia esrbon 
chloride)• Felargenie aldehyde also took up hrmiinm im a 
parallel #xp#rli#sxit# but mxmh more slowly and with th# evo
lution of fumes of bydrelHPCBsle mold* This test Indicated 
that th# ocmpoiasd imm tmsatwr&ted* The steam distillate 
aldehydef which had mot been metim distilled, m s t t d  
similarly*

Tli# density and refractlw# Indea of th# purified eem— 
poised ware determined ami th# molecular refraetlvity calcu
lated from these value##

“life® 1*4808 d||°O.Mie
FoundI 44*7
Cale#j(6983^ 0) 43*3 (m)
It will be observed that the experimental value for th# a#** 
laet&ar refraetivity ie slightly higher Chan the calculated 
on# and is to be m  mooted in a ccnpcund with a conjugated 
ayetew of double beads#

dmrbaft and hydrogen value# were obtained on the p m m $ 
freshly distilled aldehyde#
Found t Carbon 77*0j£ Hydrogen XX#4ff

73*3 XX#0
CaX##«{0tH2yi0} 77*1 11.S

The aldehyde# either the highly purified a ample# or
the eteea distillation preduct, formed a setslcarbasone (67)



m
im yield *h£#h ery«tall.l£#A m  while biMIii from
885? ethyl ale©bel* th# smiting paint wss eon#teat after two
rweryfttaXl.lftfttlon# fraest t'M ethyl aleehe! mslng Bare©. thi#
derivative nelts©« at 165-165,6°C. Uteratur* 165°C <4).
Feundt Ctifhm 60 *8jf Hy&rcaea 6*88jg

60 •* ' §*?§
oai* * t c»s) 0o»0. #*n

All atteapte to prejw# th# « £ w  #f thia aldehyde 
yielded iMryataXliftahl© ©lift'*

th# f©m#d aaall ©range-*
red needle# from 66$ ethyl eleehel la 90 yield. It me It #6 
sharply at X M %  after two re© r y# ta 111 a a i im m  *
Fewa&t davfe#* ®0*2RC ShAregeit 6.80$

M * S  ' ~ §»§@
Gale* i (0isH^ 0414 ) 66*8 6*86

By passing air bhrotsgti #f th# aldehyde far
it hew# at r©*» twperitwfi th# eerrespsndli!!# eeld*^*
tteeenele ®mMg im n  prepared In STS? yi#M. Th# tpptmlis
mi#6 was th# aerater oeotaialag th# a inters# glass dlete, as
deseriliad by $M##man #ad StmWh# {#§>* th# sir onfdatlext
was m l f  alight If «9teth#t#il# saS was ¥#ry s&a* If itMgsa#
this aeld was readily purified by veenum distil.let lea but
far th# purposes #f derlwstiw#* th# aeration n w l ! »  a&aribw#
served Just a® well*

th# pure ##Id balled fptm 15B~13B0'G/B sm* mml wmm an.
almost aelorless ©il with a semwhat sharp* raseid ©&#r* It
bed a neutralisation equivalent of 186.5 S a l # # 186 *t
and # melting point of O-X^O# literature ♦8% (61)#
Found i Carhoa 6$.8$ Hydrogen ID #3$

m * %  ' io*4



m

Oale# i{OgIIX§€§l Carbon Hydrogen 10*8^
this a® Id took up te«li» dissolved in e&rbes* tetra- 

ehloride wary rapidly with a© svolutlen ©f hyftrehrentle sold# 
its density and mttmetlm Index were else d eternised fre« 
staieh th# meleeular refraetlvlty was readily saleulat«d»

mS®* 1.4861 d®® 0.9886Abb# 4
Foundt 48#?
Oal©#£(Og^^gC^) 44#8 (l£0)
Again th# experimental value wss slightly high as night he 
expeeted la a empewad with a eenfttgated system o.f double 
hosds•

fbe iKlsNsnophesifteyl derivative ©f this a#id was pre
pared {£$) and was resryataXllsed i© eenetant melting point 
from #§|S ethyl aleehel# It termed glistening* pearly fXal&es 
ehlsb melted sharply at ?7*fl*7@#0*
Peutadt Oarboa 87 *B$  Hydrogen 8*88?? Bromine.§¥•7 M 2
c*u«f(€^i^c^sr) 87*8 s*tt m e

She amide of the aeld was prepared aeeer&lng to the 
method described by Shrlner and Pusest {§?)# It was reorys* 
taXllsed from aguem* methanol (Rare#) to eons taut melting 
point# After three reerystalllsatlons it nelted at 130-130*$ ?$* 
and fenced glistening plates# Literature 1£q~XB7°€ {25)#

It will he seen that th# propsrtlee of the unsatwated 
aldehyde and its eerresponding a©id# a# well me tfe&a# deri
vatives of thee® substances whieh have been reported previ-
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©usly in the literature* check fairly well with the liters- 
titm for o(*̂ «»unft&tuy&ted c-ompounda prepared by totally dif
ferent means# Likewise* the other properties of these eon- 
pounds which have been determined check very well with the 
▼a lues esleulated for the umsatur&fced compound* and act with 
those calculated cm the basis of hydreary eowpenands*

Oxidations im which the hydroxy mompmm&B were
is eluted but met jntrlfied*

(hew. lelMmf) with Hod head and also la1 Acetic Aetdt

The dlhydroxyAtearlo acid used la this experiment was 
the unrec ryst&lllmd solid cake prepared by the oxidation of 
dole a c Id with hydrogen peroxide and acetic me id* as do* 
scribed previously* Tho solid cake was broken into small 
pieces and allowed to 4i*y before being used in the load tetra
acetate oxidation* Prom 282 grmm of dole acid (1*0 id®), 
288 grams of' crude dlhydrokystoario acid was Obtained* This 
material was dissolved la M O O  es» of glacial acetic acid at 
66~66*€ and 704 g » w r  of rod lead (1*1 woles) was added In 
the usual way* At the completion of the react!on* the re
action solution was diluted with 1600 ee# of water and ateam 
distilled until no mom oily drops earn® over* The stem 
distillate was worked up as described previously and 51 grew 
of pelargeale aldehyde of 95$ purity was obtained* This was 
a 50$ yield based on the dole acid used* Startiao with pure 
dlhydrmystearle acid* the yield of pelargcale aldehyde based 
on oleie acid was 52$« It Is quite obvious that it is urn-
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neeeesary to purify tho dihydroxysbeaFle acid if only pelar»
genie aldehyde ie desired* However* the impurities 'Which 
remain in the dlfeydroxyotearie aeii &r# in the
residue eftor distillation with steam ati interfere with the 
subsequent operatlone* The eteam distillation residue em*» 
eieted of a brown oil floating oa the surface of the to ter# 
This wa«fc extracted with ether and the other was washed with 
water until free of lead and aeetle aeid* The ether m e  
evaporated and the residual oil was 'Haeelved in a alight 
excess ©f sodium hydroxide solution so that the pH was 
To this solution at room temperature was added as rapidly as 
possible a s©listion of §E grans of potassium perrotaganabe 
{*§8 mole) In 1100 ©e# of water with very efficient stirring# 
The temperature rose rapidly from $0°C t© 0§®C and to prevent 
frothing ever*a snail amount of hmmmmw had to be added* The 
pesMingaisate eoler disappeared almost imsaedi&fcely hut stirring 
was eoatisued for am additional 15 minutes# Tb# reaction 
mixture was allowed to stand over night and then filtered#
The pres 1 pi tabs of pmnganose dioxide was washed twice with 
boiling, water and then transferred to a large toea&er where 
It was i§ birred well with about 1000 ee# ©f boiling water#
The manganese dioxide was filtered off and the filtrates were 
©ombiised* The combined filtrates say be evaporated down, to 
about two liters at this point of later as desoribed# The 
solution was cooled# acidified with S0$ sulfur is sold and 
shilled la the refrigerator* The small amount of oil which 
had separated ©n seidifle&tloa* solidified om cooling, and 
was removed meohanloally by means of a spatula, the aselalo
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acid being left behind* The solution was evaporated down to 
about two liters# and filtered hot after the addition of a 
small amount of Dare©* The ass laic acid which precipitated 
on cooling was filtered off and recrystalllsed again from 
hot water* It formed small white crystals*
Yields 11 grams or 6^ based m  oleic acid* Melting point 
and silked melting point 104-106°C«
Oxidation of 0, l<^Dih?droxyoctaaec&BOl«»l(Low Melting) with 
Red Lead, and Glacial Acetic Aeidg

the dry# u&reerystal llsed 9#10«dlhydroxyeot«decanol«l
(about 279 grass) which was prepared from 268*3 grams of eleyl 
alcohol (1*0 mol®) was dissolved in 2200 eo* of glacial acetic 
acid at $5*"65^C# To this solution was added in the usual way 
754 grama of red lead with very efficient stirring* After 
the reaction was complete, the solution was poured into 2200 
cc* of water and well shaken* The mixture was extracted twice 
with 1000 co* portions of ether, the ether solution washed 
with water until free of lead, with sodium bicarbonate ao~ 
lutlon until free of acidic product® and then with water until 
neutral* The ether solution was dried over anhydrous calcium 
sulfate, filtered and the ether was evaporated under reduced 
pressure* 'The residual light brown oil was vacuum distilled. 
In this way, 38 grams of pelargonlc aldehyde <87$ yield based 
©u aleyl alcohol) of 99$ purity was obtained having a boiling 
range tram 40«*42®0/*l mm* Similarly, 36 grams of ^hydroxy* 
pelargonlc aldehyde (231? yield based on oleyl alcohol) was 
obtained having a boiling range from 99-120°C/*l mm* and 
melting, from 42-46°C. It was recrystallised twice from xylene



TO

and then melted at 4 mixed aelting point with an
authentic specimen of 0*"hydr©xy p©largonie aldehyde melting at 
W * M * C # melted at 58~tM5*C»
..Qaldatjpn of the, Prude Hydroxyls t.I on Product of Caator Oil
with Bed Lead and Glacial Ac© trie Ac Id;

As will be described later* castor oil m&y be hydroxy* 
la ted and than oaldiacd without the la©lalion of the hydroxy 
derivat lwe***the s©~©alled eontlnwous method# It was thought 
that the presence of hydrogen peroxide in the reaction mix
ture in the continue*!* process interfered with the enbee^nent 
red lead oxidation# It was considered a - good plan t© isolate 
the hydroxylated derivative of castor oil and then dl.se©lire 
it in glacial acetic acid to which red lead cemM then he 
added# In this way* there would be n© hydrogen peroxide to 
contend with and the percentage ©f water would be less than 
in the continuous method# ft was ale© believed, that after 
the hydreaylated product was isolated# same procedure eeuld 
be devised for hydrolysing the acetyl group# without affecting 
the glyceride* thereby giving an increased yield of aldehydes# 
The advantage in keeping the carboxyl groups blocked I® that 
the dangers of polymerisation of the■a&el&le half aldehyde 
fraction la lessened and a more effective oxidation of the 
aldehyde to the acid is possible# It was found, however* 
that Isolating the hydroxyls ted product was of no advantage* 
and no procedure could be*devised for preferential acetyl 
group hydrolysis# The yields of °C*n©nenaldeh.yde and axe laic 
acid were the s a w  as in the continuous process* Since the 
continuous method effects such large savings of time and
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materials# it X® superior to the above method#
The method which was employed 1b mm attempt to remove 

acetyl groups without altering the glyceride part of the 
molecule was to suspend the hydroxylated produet in a selwftleit 
of sodium tetraborate, 'aodium bicarbonate or aodium earbouato 
sad them paea steam tbreugjh the mixture# The first two ##• 
luticms caused no appreciable hydrolysis of any nort to
take place# fhe lâ fc solution caused the byirolyel® to go 
too far and m s  therefor# undesirable#

Oxidations in which the hydroxy compounds wore oxidised 
without, their Isolation from the reset ion mixture

Hydroxy lat tom and Oxidation of Pastor Of It
For the sate of simplicity of calculation* oattor oil 

was eenai&sred to fee IOO56 trfrielnelelm# .Although this is 
sot strictly eerreet* the residual material does mot affect 
the results appreciably* £2B gram® of $0$£ hydrogen peroxide 
(0*0 moles} wit® dissolved in SHO ee* of i&cial acetic acid 
and the solution heated from 80~85®€ for one hour* fills @©~ 
lution was cooled under the tap to ffi*C and mixed with 311 
Igram# of castor oil (apprcxissat® Xy #53 mole)• The mixture 
was stirred occasionally and, the temperature rose to about 
70°C in about thirty minutes at which point the solution 
became homogeueeus • The temperature remained at its maxima 
point for Sint# tine and, then eosKtvenced to fall v^ry slowly# 
which indicated that the reaction wai continuing# The so* 
lution was allowed to stand, overnight and. then diluted with 
1300 cc# of glacial acetic acid# To this well stirred so*



TO

lilt lorn at 55~d8®C# 754 gratia of finely powdered red lead 
(1*1 soles) was siid#* flis first additl0110 of rati lead 
served to decompose excess hydr#S#» peroxide as evidenced 
fey the wry rapid deeoloriaatlon of the solution and the 
evolution of larg# amounts of gas* When the hydrogen par* 
oxide was completely decomposed* the rad eoloy diaappssrsd 
lass rapidly and the red . lend had to tm added at a slower 
rat## The reaction was allowed to run to completion* the 
reaction mixture diluted with on# liter of water and thorn 
stem distilled until mm more oil east# ewer# The steam 
distillate was extracted with ether# the ether solution 
washed twice with water# with sodlias feiearfeonat# solution 
until free of all acidic i'lt.puritias# and again with water 
until neutral* The other solution was drlod over anhydrous 
ealelwm sulfato# filtered# and' the othor ovaporatod under 
reduced pressure# 1%# residue was a greenish yellow liquid 
with a sweat# mmmwUmt ran#id ©dor* This liquid was o(«* 
nonenal&ehyd© and from 311 grama of eastor oil afeout 50 grams 
war# obtained* The freshly prepared mstorl.nl oomtninod 
a ©premium toly 94$ °(-fi©n#na Idehy&e (SB)#

The residue which eonsisted of a brown oil floating 
on top of an aqueous layer* was cooled and extracted with 
ether# The ether solution was washed fro# of lead and the 
ether ewaporated# The brown vleeous oil which regained 
probably consisted of mixed glycerides of aselal# half al~ 
dehyde* saturated fatty acids and acetyl derivatives of 
hydroxy fatty acids* This real due m s  dissolved in 1000 ##• 
of glacial nestle acid to which 285 grams of 303? hydrogen



peroxide was idl#d« The solution was allowed to stand at
room temperature far approximately 24 hours and then, heated 
on the steam bath until the maximum temperature was reached 
and than removed# The solution waa allowed to cool down to 
r o w  temperature and then was a team distilled. fro# of aeetle 
acid* The supernatant liquid was poured off and the residual 
pale yellow oil was refXwxed with 1000 oo# of IQ? sodium 
hydroxide solution for about three hemra* The alkaline so
lution was eoidlfled with sulfnrle sold wb.il® hot and fil
tered m  free of the oil floating on the surface as was pos
sible* To remove the a m  11 amount of' oil which c m #  throughf 
the filtrate was toiled with a small amount of Dareo and 
filtered# The filtrate was allowed to cool slowly* The mse- 
laie acid which preelpitated out, was filtered, washed free 
of sulfuric eeid and dried# 27 grams of aselaic acid were 
thus obtained* Tcltimg point 104»106°C#

The oil which was filtered off solidified to a dark 
brown waxy solid* It washed about 220 grams* II©' definite 
products could ha identified from ft* Olyecrel ia reeeverable 
from the aqueous solution#
fty&roxyl&tlcn and Oxidation, of Sfthyl Cleat# t

310 grams of ethyl eleate {1*0 sole} was hydrexylated 
in the manner previously described using 225 grams of aosf
hydrogen peroxide and 1120 ee« of glacial acetic acid* The 
additional acetic acid, was necessary In order to keep the 
ethyl oleate in. solution* The maximum temperature of the 
exothermic reaction was #1°0* After standing oversight,
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1080 ee» of glacial aeetle acid was added sad the solution 
was warmed to 5§-§S00* TO4 gmes of red lead {1*1 mol#®) 
was added as previously described* After the reaction waa 
complete# the solution was diluted with one liter of water 
and at earn distilled until no »of*@ oil came over* The a team 
distillate was extracted with ether and the ether solution 
washed twice with water# with sodium bicarbonate s club left 
until free of acidic impurities, and again with water until 
neutral* fhm ether solution was dried over aiahydrou® ealelwm 
sulfate, filtered# and the ether evaporated -under reduced 
pressure* The residue was a practically colorless# pleasant 
smelling oil which proved to be pelmrgonio aldehyde* This 
material contained 03^ pelargonlo aldehyde (58) and welded 
4f grams* This was a 3 #  yield based on the ethyl oleate*

The steam distillation residue was extracted with ether# 
the ether solution washed with water until free of lead* and 
with sodium blearteextate .solution instil free of acidic imjmrt- 
ties* The ether solution was dried over anhydrous calcium 
sulfate# filtered.# and the ether evaporated# The residias 
weighed 2§3 grams and was a dark brown oil* it was vacuum 
distilled* The fraction boiling from 95~118°c/l mm* proved 
to be the ethyl ester of aselaic half aldehyde* It had a 
saponification equivalent of £01*5 {Theory £00*3) and con
tained 96*8;C aldehyde (58)* The yield based on ethyl oleate 
was 12*8$* It formed a £#4-dlaitropiieriylhydms0fie in quan
titative yield which melted at 63~64°C* A mixed melting point 
with an authentic sample remained unchanged*
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Kybrc«y^tion:i ami.., jgxldstlow, of. Qlmi® Acid jj
This fiubatwse# did, net react satisfactorily when ©xi* 

diced by the ©ontlmucus method«
262 g m w  of oldie acid (1*0 mol#) was hydroxy lated 

in thm usual summer by means of 225 gram* of 30$ hydrogen 
peroxide {2*0 moles) and T20 ee« of acetic acid* At' the 
eonslusIon of the reaction 1480 oe* of glacial aestie acid 
wan added, the solution fmr;?*ed to BS*tB0O- iii 754 gram# of 
rod load (1*1 melee) was aided* When the reaction was ©out* 
plot#* tho solution was steam distilled a M  tii# steam die* 
till*to was worked up as described under the oxidation of 
5^10^dlhydroxy»tearlc acid*

33 groiss of pelargonie aldehyde was thus obtained of 
54$ .parity' (55)* This was a 23$ yield bnn#d on olele acid*

It was not possible to isolate any aselal# half aide-* 
hyde from the steam distillation residue by v m w m  distil* 
l&tion. By potassium peraangeaate oxidation only 4 grama 
of axeXalc a c M  could be obtained*

It appears* then, as if the eontlmueus hydroaylaiion 
and oxidation of ©lei© acid is mat as satisfactory a method 
far preparing aldehydes me the eaidation of 9,10-difeydroxy^ 
stearic aeld* either pmm or crude*

Oleyl aleohel alao gave poor resmlts when treated by 
the continuous ®@%b©cl* ' The vacuun distillation ©f the reaction 
product humped very badly and did not give a ©loam out fra#* 
tdonation* Here again it was more desirable tc start with a 
pure dlhydroaqr compound in the ©sid&tiom with load tetraacetate*



It 1* m m t  pretoable that th# cufectasaeee interfering 
with th© eeatlxnietie .pi*@ce« are aeetylated derivative#* since
the hydrolysis cl* th# reaction products faw© hjdrmmj e meowed# 
in fairly go-od |i®Ms which reacted satisfa©&or!Xj in. th© 
oxidation atag#*

Other oils* mistly. ptasut and oilv## war# treated fey 
Mae* of the eetdauewa method* and pelarg«mle aldehyde til 
aaelale acid war# ifetaiaad to m e h  aealler yield# them th# 
product* ehtaiaed twwm castor oil* fh# ea$erlnent# vex# m
im ttio mrnm wmw,mm,, the-e#eter oil c^pcrirtits mxmpt that 
nor# acetic act# had to fee meed in th® hydroacylatim step 
feeeauae of th# lower solubility of the## oil# In the hydre&y"* 
latie# MtM.t’wm* A eerreepeadiegljr smaller ad&ltlmal emir* 
tity of acetic acid m e  added for the exldatlcm stage la. 
crier to mal©® the total aaeuat of acetic a d d  m a d  2S00 cc*
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The oxidation. of T&y&voxf'XMtmtiL fatty aal&*# anil
arolat&d aubatanaas with load, tatraaeatata {tha ,C*t*gM reaction} 
tea® baa* atm&lad* ttea oicitatiem of © * XO^itey&r exya taari® a<s£«t 
jrtaXtod jpalattgoalo aldoteyd® {E»i§mml) asi asslai® half' aid®* 
hyd* {8»f®w3srl»X*oo%mnoi# *«!&}» Sia&Xai&y* ethyl*9#10«dll!i^ 
draayataavata yial&ad palargottle aMabyda m d  tte® sthyl aeta* 
a* a®a laici fealf aldabyd* % 9* XOHU&sdroxyoetadaaanal yisMad 
palargoalo aldahy&a ami t~teyd;.r a&yp®Xargomie al&atey&e j 9*10#12-» 
txdhadxdo^ratMSPio aaid yisldod ̂ momatmldateyd# and asal&ie 
aeid| tey&i*oj£ylatad oastmw #11 efcaanaaaldateyda and
aaalaie aaid*

fte# Crlagaa reaction baa beam mooif l#d and &ms»reaad 
so that It is mo Xongor »®ea®sa#y to isolate a»d jmrlfjr 
either* lead tetraacetate o r  t t i a  teydr&aylated aubataiieea*
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