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I;. General Statement Regerding Personnel,
Working Conditions and Related Actlvities,

puring the period covered by this report the mejor
pert of the work described was carried out by Mr. Lawrence
Liggett and Mr. Ross Curtls. The efforts of Mr. Cliffors
Hach and Mr. Carl Anderson during this period were devoted
entirely to work on the ecirculating solid epparetus,

As might be expected, as the rether unsuccessful work
on the chemical method of producing oxygen drew to its zlose,
fewer contacts were msde with the groups working on the
problem in other leboretories., There were no visitors to
this leboretory during the perlod of this report and the
only contect with other oarties was by Mr. Lawrence Lifgett
when he visited ¥r. ©. P. Stevenson and Mr., ¥. S, Becen
in Canbridge late in May while on a trip east in enother
conncetion.

The ITowa 3tate Collepe hes ccntinued to extend every
fecility to the furtherance of work on this contrect and
its administretive officers heve been constant in their
sympathy and encouragement. As this work draws to a close,
a Tull measure of appreciation should be extended the Iowa
State College for its asasistanca,

IIz. General Review and Objective

The ganeral method of prepering reports in this lab-
oretory was cutlined ir the corresponding s2ction of our -
First Progress Rerort, Report XXVY. This method ef pro-
pering detalled reports covering the individuel items of
the reseerch progrem end of preparing periodic reviews of
the work as progress reports hes been continued through
to this the ®ifth and Pinal Progress Report. These ranorts
now number LYYIX. A4 table giving the numbor, euthors, con-
tents, perlods covercd and detes of thesa reporta is given
in Appendix I.

The work of this X boratory during the period cevered
by this report has baen devoted orineipally to four lines
of resecrch, At considereble effort several hundred grams
of di.-(2=-hydroxy-3Z=-n-butoxyhenzal)cthylenediimine cobalt
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(Co~0x SS), a material possesaing the highest rate of
oxygcnation yet obsarved on any compound, was propared and
shipped to the ¥, I. T. laboratory for engineoring and

1lifo studica. The search for now compounds was continued,
sfforts along this line being devoted to the testing of the
compounds from nunerous aldehydes derived frem various
commorcielly availeblo phenols end to substituted aceterhen=
one and rreoiophenone derivatives. An Imvestipation into
the possibility of finding a means of overating the oxyren-
producing cyvclo in aclution by dissolving the oxyeen-cerry
ing compounds in solutions of nitrogenous materials to
produce a composition more closely resembling the hemoglobin
of blood, the nitrogenoua materials pleying a role enalogous
to homoglobin, was nicely under way at the termination of
the centract. WYWork on the circulatine-20lid apoaretus vas
continucd during the poriod of this report; this work is
covercd In our Feurth Progress Reoort and will not bo treat-
ed in this report,

I1I5. Gonzrel Summary

Severel hundre§ grams of di-(2-hydroxy-n-butoxybenzal}-
ethylonediamino (Co-0x SS) were propared end sent to the

M. I. T. group for engineering and life studies, The
yields of the intermediate products were considerably
Improvad and a method was devised by which the cobalt
compound could be produced having the theoraticel capaclty.

The following aldchydes wero prepared by the epplicetion
of the Duff rcection to the proper phenola:?

2«hydroxy-3=-iao-propyl~6-methylbaenzaldchyde
2-hydroxy-3,5~dimethylbanzaldshyde
2=hydroxy=3,5~di-{tert-amyl )henzeldeh yde
2-hydroxy=-3-:crt-amylbenzaldehyde
2~hy*roxy~3-incthyl-5-tert-emylbanzaldehyde
2--hydroxy~-3-chloro=5=tert=butylhanzaldehyde
2-hydroxy-3=-hromo-5-tert~butylbanzaldehyde
2~hydroxy-3-130-propyl=s-chloro-6-me thylbenzaldehydc
2-hydroxy=-3,5-dibrombecnzeldohyde :
2=hydroxy-3-~cerboxybenzeldehyde

These eldehydca yiclded yellew, highly crystalline Schiff's
basca which in turn gave well defined cobelt deriva-
tives, None of the cobalt eompounds, however, carried
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oxygen after having been heated in e vacuum at temp-
eratures up to 170* (ectivation treetment) and subce-
quently subjected to an atmosphere of oxygen of 200
PeSelege

The Duff reaction was applled to secveral phenols

which would be expected to yield two grtho-hylroxy
aldehydes. The ylelds were exceptionally high in

these cases, Methods could possibly he devised for

the separation of these aldehydes but 1t was consicdered
hardly worth whilo for this problom. Although the
aldehydes 1solated and their derivatives posseased
sharp melting polnts, 1t wes felt unsafc to conelude
that the products were individual compounds, These
phenols and the.expected products wcre:

4=hyd roxy=1,2~dime thylben zene _
2<hylroxy~5,6=dl methylbenzaldehyde
2=hydroxy=4,5=-dimethylbenzaldehyde

J=methyl=4-tort-hutylphenol
=hydroxy=4-methyl=5=tert=butylbenzal=
dehyde
2=hydroxy-4=-tert-butyl~-f-methylhenzal~-
dehydo

2=hydroxy=4-tart=butylphenol
E,E-dihydroxy-s-ter =hutylbenzaldchyde
2,3=-1hydroxy-G=tar -butylpenzaldehyde

3=Mothyl=4=chlorophenol

2=hydroxy=-4-me thyl=5-chlorobenzaldehydo
2=hydroxy-5=chloro=-6=-methylbenzeldehyde

The Schiff's base of scach mixture and ethylenediamine
was prepared and convarted to the carresponding cohalt
compound, Mone of the products carried oxygen.

The Duff and Reimar-Tiemann reactions frRiled on e namber
of phenols, notebly on 2~hydroxv-3,5-dinltrobonzelinhydoe
thiosalicylaldehydo, 2=hydroxypyridino, and:3,5-dinitro-
o=cresol,

when properly prepared the cohalt compoind of o~hyiroxy-
acetonhenone and e thylecnediemine, di-{2-hyiroxyscctophunad)=-




-4-

ethylenediimine cobalt, wes found to carry oxygen reve:-
sibly to the extant of about 4 psr cent, The rata c?
oxvgenation was very low, howevar, aven under relativa.:”
igk oxygen pressure. Since the introduction of m ri%u-
0> &an elkoxy group into the 3~ position of tha parent
coripound, dieelicylalethylenediimine cohalt, greatliy
increescd the rate ¢f oxygenation, a similer approach
w2y indiceted with g-hydroxyacetoohenone., The corres-
oouding 3-nitro compound wes prepared but found to be
i1aanctiva. Work was tegun on tha 3-methorxy compound but -
was incomplete when the werk on thia contract termlnsted.
Tro cobalt compound from 2-hydroxy-S-methylacetophercae
was found to be setive but slow, The carrespording 4-
methyl compound wes inactive, ZE-HrAroxypropniophenona
was elso invertigetad hut, although a Schiff's hesa
with ethylenediamine could he reedily prepered, a cohalt
compound could not be meda,

Ethylene~bia-thioglycollic ecid, HOOC~CHy~S~CHg~CH =S~
CHp~COOH, ylelded a cohelt compound resemblinz the perent
compound in generel moleculer structure., Tho compound
did not cerry oxygan, however,

A compound in which the double bond linkage of aldchyda
to amine of the perent compound were hydroganeted would
be of interest in being possibly loss eusceptible to
oxidetion end therefore of e longar useful life es en
oxygen cerrier. An ettempt wes made to prapare tha
hydrogencted parent compound by the condensation of
selicyl slcohcol end ethylenediamine, A resin wes obe
teined which would not yield a cobalt derivetive and

it eppeara that somo othor approech will be raquired
for th> synthesis of the hydrogansted compound, dieal-
ieylelathylancdiimine,

Following up earlier obsorvations thaet the rate of oxy-
gonetion of the compounds umier study in this leboretery
wad in some nanner conditionmd by the pratreatment the
compounde hed raceived, earaful exporimentetion showed
that the rete of ozygsnation varicd greetly during the
first few cycles of oxygenation end deoxygenation. It
is racommended that compourds be elternntely oxygenated
end deoxygeneted four timee just prior to a determina-
tion of their rete of oxygenetion,

Reesoning by anelogy with hemoglohin it eppeered likely
that disalicylalethylenedilimino cobalt should be soluvblz
in solutions of nitrepenous materials such es nyridine,
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amino aclds, end proteins and that such a sclution
should carry oxyzen reversibly if edjusted to tha
proper valua of nH. Tha oparation of the oxyrernai!or-
dooxygenatlon cycle would ba graatly simplified fron
ea anginecering stendpoint if such a solution could be
found, The solubilitias of disalicylalethylenediimine
cobalt ard salicylalathylanediimine iron in solution
0% pyridine of Aalfferent concantrations and different
vaiue of pH and in solutions of varlous othar nitro-
ganeous materlals wera under way when the work on thia
contract waa concluded.

ﬂ,. Codalt Compounds from Sustituted
Salicylaldehydes and Simllar Carbonvl
Compounds and Ethylenediamina

G. o-Hydroxyacetophanona

Tha aerlier work with o-hydroxyacetoprenone (First
Prograss Report, P. 31) was left rather incomrlate. 1In
viaw of tha necessity of activeting the tvpe of materlals
under study hefore testing for oxyren ahsorption it was
felt decirable to study the o-hydroxyecatophsnone deriva-
tive further. .

The o=hvdroxyacatophcnone used in this work was ontaln-
ed in part from Eastman Kodak Company and in part by orepar-
ations carried out 4 n this laboratory. The g-hydroxyaccto=-
phenona preonred in this labhoratory was prapared by the
Fries reaction on phenyl acetate. The ¢compound dl-(o-
hydroxyacetopheno)ethylenedlimine was nrepared by tha comtenatia.
of o-hriroxy acetonrenone and ethvlenodiemine in ahsclute
elcohol, m.p.: 195%. Tha comoound di-(o=-hydroxyecectoochono)-
ethylenediimine cohalt wes vrepered by dissolving the con-
densation product in 70 per cent elcohol end adding a hot
equeous solution of cochelt acetate. An orango=red preclni-
tate formed irmmedlately, was filtered, washed and dried at
100® in a vacuum. Tris compound was found to carry oxyzen
raversibly te the extant of 4 per cent but wes quite slow
at room tempereturc avan under 200 p.s.i.g. oxygen,

It appeered feasible to spacd up the oxygenation of
this compound by the introduction of a nitro or a methoxy
toup in the 3- pesition just as with the parent compound;
workk in this direction is reported in Sections AY and AZ below
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Qg« 2-Hydroxy-3-n-butoxybenzaldehyda

varlier work on this aldehvde and its cchalt comncurnd.
an active meterinl havirg a bigh mte of oxygenatlon erc
designated s Co-0x 5SS '(Co=-0x 3nper Speced), wes rero. %ef
iz our Trird Progress Hobort, p. 28. Several hundred prama
of this material was praparad suhseguent to the report. A
¥ield of 31 par cent was obtuined in tie conversion or
catechol to its mono-hutyl ethor in lerger ouantity. The
Aldohyda wos synthesized by numerous repetitions of tha
Duff reaction using 25 g. portions of ether; yvields of 15
por cent wera realized, somewhat bettar than obtoined by
tha Durf reoction in general. A grysteoratic study of the
methods of preparing the cobalt derivative, Co-0x SS was
mado. Tho best preparations of the cchalt comoound were
made by dissolving the Sehilf's baso in alecohol end adding
to it en nqueous solution of cobolt acctata so that the
final olecohol concentration was about 40 per cent. The
comoound prepared by this method carried 3.3 per cent, the
theoretical voluc being 3.42 par cont. Other methods of
preparation vieldad material of considerably lover caozcity.
The matorial formed from tho dilute alcohol solution woa a
yellow hydrate very similor in appearance to the eorresprond=-
ing methoxy comround. Unlike the methoxy comoound, however,
the butoxy compound becomo active at & temperature of 100°,
The deoxygrnation temperature was found to be 80°, The rato
of oxygenation of Co~0x S5 ot varlious temperatures wos de=-
termined And i3 reported in our Tiird Progress Report a&nd
in our Report LXXVII where other details of this work will
also be fourd, Co-0x SS oxygcnoted completely within one
ninute or lcss at all temouratures that wore tricd. A
somple of 100 g. of Co-0x SS wos forwarded to Dp. Cattorall
through Dr, Bacon for engincoring and life studies,

AN. Z2=Hydroxy=5,6-~dimecthylbenzaldehyde and
2=-Hydroxy~4,5-dimethylbenzaldohyde

The buff renction was applied to 4~hydroxy-l,2-dimecthyl-
bohzene gring o 45 per cont yviold of a 1light crvstalline
aldehydo, m.p.: 69*., Prohadbly this unusually high yield wasa
the result of the formation of two p~hyvdroxyaldehydes, sinco
this phenol has two opon positions, ortho to tho hydroxyl
group, Several unsuccessful sttermpts ware mnada to soparate
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these isomars. The Schiff's base of this mixture of eldmh"f::
end ethylenediamine wus prcopared and the producst recrygbas
lized from n-propyl olechol, m,p.: 212-214°., A cchatly
comprund of the sbovo Schiff's bese wes prepared; ic wes
Tcun! t¢ Y inactive as an cxygen carrier.

Ades 2-Hyaroxy-3,5-lipe thrironzaldanyde

2-Hyiroxy-3,5-dimethylbenzaldehyde wa3a prepared hy the
puff rcsesicn on 2,4~dimethylphonol. A vield of L1 per ceni
wes ohteined, The product waus a light yellow oil which
crystollized upon cooling to 23°®, The phenylhydrazone de-
rivative wos propered and crystallized from diluce alenhel,
n.p.. 103°, Tha oxime dorivative was also premared, m.r.:

1237, Famhergor nnd wieler, (JX. prakt. Chem., [2], ,3, 552)
reportcd ¢ molting polnt of tho oxime dorivative to be

138°. Thea aldohyde formad a Schifft's base with athylonedian!ne
m.pe.: 132,5°, Tho compound, di-(2-hydroxy-3.5-diretnyi-

tenzal Jethylenediimino cdhalt, wos propered. The comnound

wes found to not absorb oxygon when subjscted to the ustel
activation treatments and oxyecnotion tests,

AP, 2-~llydroxy=3-1so-propyl-6-methylbenzoldchydes

The aldehydo 2~-hydroxy-3-iso-propyrl-6-methylbenzalde-
hyde wis obteined br tho moans of a Duff renction on ‘h"mc1w
(2-isn-propsl-S~-mathylphenol). A vield of 18 por cent wes
obtainod in this resction. Tho product, B yellow cil, wes
frcetionoted under dlminishod pressure, b.p.: 105%/5 M.,
rofractive index: 1,5506 (25°)., The samicarbozono deriva-
tive was propered; m.p.: 194°; Rnll and Fenry (I, Chem,
Sce., 1023, 2215) hava reported the Senicarbuzona derivotive
or tha oldnhydc to m=1t st 198°, The Schifl‘*s base of thias
aldehydec was prapered and rocerystallized from cbsolute
aleohol, m,p.: 112-113°, M.e comnound di-(2-hydroxy-3-icc=-
propyl- B-methylbnn"al)ethylonodiiminn cobalt wos preparac
but found to be inactivo towsrd oxyeen.
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AQ. 2-Hydroxy=3,5-di-{tert-amyl)brnzaldehyln

Attempie to prepare this aldehyde by *he Duf'? ro.nilcag
on 2, Clamvlphansl violded extromely BTSil rmeuntg o0 ) -
uclyt: Only about 3 g. of product was chtrined frzoon Jeur
il voncticne using 50 g. of the phonel ia e2ca, As &t Lom.*
6. rivify chis snmall amount of material by vecuun 21la%nll-
alica wes unsuceassful becansa of decomposition o tho

oredust. The work wns sbandoned cgs lncking promisc,

AR. 2-Hydroxy=3-=tert-amylbenzaldchyde

2-Lydroxy=3.-tert=cmylhenzaldehyde was mreparcd by means;
of tho s reuetion on 2=tort-amylphenol, A yileid of PC
g. of Ltho saldehyle wes obtnlned from three Duf f rerctions
ualng SC ¢+ nf the phenol in each, The product woe nurifiad
by vasuam 1istilintion, b.p.: 104°/4 mm. The Scuifftstrse
of this sldekvéde with ¢thylenedlamine wrs prepored and r1e-
crysteliized from ecleohol, m.p.: 109.5%. Tie compound Al-
(2-hydroxy=-3-tert-amylbonzal)ethylenediimine ccbalt was
preparaa but wes . found inemctive toward oxygen after drving
at %oo“ or upon hezting in 2 vacuum a2t temperatures up to
170%,.

AS. Z2=-Fyiroxy=3-methyl-5=-tert-nmylbanzaldehyda

This nldehyde wns obtoimed by the Duff recetion on &=
mcthyl-d. tert~amylphonol cnd & yinld of 45 gz. wes obtnined
fron fouy DArT rotctions using 50 g. of rhenol 1n oech, ™
preducs wes furtheyr purifisd by vacuum fractionation, bh.un,,
108-110“/3 ma. The aldehyda formed a Schifi's base winh
athvlznedinmine. On roorystallization from rbsolute aizcrcnol,
the product melted 2t 90°., The cobslt compound was prurc ol
but was not uetive towurd oxygen rrter the usual eetivati -
trectmants ot temperetures up to 170° in a vacuun,
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ATs Mixture of Aldehydes from 3-Methyl-
4~tert-but ylphenol

rom the Duff reaction on 300 g. of 3~mathyl-4-39l}-
butyvivkensli 50 ¢. of product was obtained, Tt =eers hah
thLat two o-~-hydrory aldehydes would b 2 obtained r-or uh;.
prenol. n etteupt.was made to separste these aldchydes
but the product wes used os such in the preperetion of a
Schif{'s nure with ethylenediemine and a cobolt derivetive rf
the buse. The Schirf*s bhose was recrsstellized from elecohol,
MepPet 1657, The cobalt compound was prepared end heated in
e vecuum at temperetures from 100 to 1680°, The compound dia
not function as an oxygen corrlar,

AU, 2-Hydroxy-3-chloro-=S-tert-butylbenzaldehyde

A 20 per cont yield of 2-hylroxy-3-chloro=-5-tert-
butylbenzaldehydo wee obtained by the Duff roection on 2-
chloro-4~tert-butylphenol. The oldeh ydo wos e lieht
crvstalline m mctoriol which crystallized roedily from diluto
alcohol, m.p.: 72 A phonylhydrozons derivative was nro-
pared and “ocrvstalli7cd from alcohol, m.,p.t 146°, The
Sehiffrs baso with ethylenediamine was prepared by conden-
gation in olcohol solution. The molting point of tho re-
érystallized product wes 115°. A cobalt compound wes pre-
pored ond found not to cerry oxygen when subjected to the
usual tests, Tho f esct that this compound did not function
a8 an oxygen corrier was disappointing inasmuch os tho
similar compound, di-(2-hydroxy-3-chlorobenzel)ethylone=-
diimine cobalt proviously nreparcd by Curtis, Report IXX,
Part IV, Soction B, page 7, had baen found to carry oxygen,
Tho explonation undoubtedly lies in tho steric effect of
of the tert-butyl groupn, It hos been shown in other scc~
tions of tho prosent report znd in pravious reports, thot
oldehydcs with more than one elkyl group or with groups
largor ithon cthyl do not yicld cobalt derivatives which ore
active toward oxygen,




AV. 2-Hydroxy=3=-bromo--S5-tert-butylbenzoldehyde

This aldehydo wes obteined in 24 per cent yield Ly the
Duff reocction on 2=bromo=-4=tert=hutylonhenol, The &ldchyde
was racyrstallized from dilate alechel, m.p.: 88%. The
phenylhydrozone and oxime derivatives were preparec. .\
molting point of the niernylhrdrezone darivetive was 143=-144°,
end that of the oxime dorivetive 169°. Dains anl Pothr-ck
(Am., 16, 644) have renort2d the melting point of this cide=-
hyde to be 87° ond of its oxime derivative 164°, The Schiffie
base of this eldehyde wes preparcd by ccndensotion in elics-
hol solution, m.p.: 120°, Tho compound, di=(2=hyd roxy=-3-
bromo=5-tart-butylhenzal)othylenediimine cohelt wes prepered
and subjected to the usuel tests, but wes found to be in=-
ective e3 on orygsn cerrier. This wes es expected inasmuch
as thz corresnonding ehloro compound, di-(2-hydroxy-3-chloro-
S5=tert-butylbenzal)ethylenediimine cochelt, Section Au ebove,
wes found to be inactive,

A¥. 2-Hyiroxy=3=iso=propyl=-5-chloro-6-methylbenzeldechyde

This eldchyde wos propared by the Duff rcoction on p=-
chlorothymol, A yiold of 12 g. of product from 100 g, of tho
phenol was obtained. Tho eldchyde wos reerystellized from
aleohol, m,p.: 492°, The oxime dcecriwtive was prepered, m.p.:
150=151®, The Schiff*s base of this eldehyde end ethyleno-
diemins wos prepared by ocondensation in alcohol solution,
Molting point of the reerystallizsd Schiff’s bes= was 171°.
The eobnalt derivative wos prepared end subjfected’ %0 tho'usual
tests but was found not to be octive o8 on oxyren earrier,

AX. Mixture of Aldchydes from 2=-Hydroxy=-4-
tert=hutylohenol

The Duff resction woa run on p-tert-butyl cetechol
(2=hydroxy-4=-tert-butylphenol), A yield of 31 g. of crude
eldchyde wos obtoined from 100 g, of the phonol, The meterial
wes reerystollized from aleohol, m.p.: 85°, It s
possiblo thet this product was eomposed to two hydroxy
oldehydes, i.e,, 2,3-dihydroxy-5=tert-butylbenzeldehyde
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and 2,3-dihydroxy-6-tert=butylbenzaldehyde, Mo attempt
was merle to separate the possible isorers hut a phenyl-
hydrazone derivative of the recrvstallized product wae
prepared, m.p.: 160-161°., This material readily condensed
with athylerediamine in alcchol solution to give & yollow
Schiff’a haee. The condensation product was recrvstalllzed
from alcohol, m.p.: 226°, The cobalt derivrtive of the
Schiff's base was prepered and subjected to the usual teets,
It was found to be inactive toward oxygen. The presence of
Swo hydroxyl groups in the molecule mnde t he cobalt compound
more seneitive to oxidation sinco it was found that exposuro
of the hot cobalt compound (175°) to air caused it to ignito
spontaneously and burn. '

AY. 2-Hydroxy-3-nitroacetophenone

Ae reported on p. 5 , the cobalt dorivative of
o=~hydroxyacotophenone and ethylenediamine is activo but
absorba oxygen slowly, Inasmuch ae the introduction of a
nitro group into the 3~position of salicylaldehyde gave
a cobalt compound of greatly ecceloratcd rete of oxygen-
ation, it eppearod likely that the 3-nitro derivative of o~
hyd roxyacetophenone might also yiold a fast cobelt compound.

2-Hydroxy-3-nitroacetoohenone was rrevared by the
dircet nitration of o-hydroxyscetophenono in ¢lacial acetio
ecid with concentrated nitric acid. ™e yiold was excop~-
tionally poor and verious modifications of the orieinal pro-
codure were made in an effort to incrzeee the ylold, Follow-
ing the nitration nrover, the dilutod reeotion mixture was
steam distilled to scparate the nitrated nhenone. Tt was
thought the oxidetion by tho dilute nitric acid was reepon-
sible for tho decreasod yield end in one modification the
acids were completely neutralized, the separatod meterlal
oxtracted with ether and then steam d'istilled; tho yleld was
no bettor, _

The 2=hydroxy-3-nitroacetopheononc was obtained ae whito
needles having e barely porcoptiblo tinge of yellow; m.p.:
97-98° (reported 98.5~-99.5%). The Schiff's base of 2~
hydroxy~3-nitroacetophenono was formed by refluxing it in
alcohol with an oquivalent amount of ethylenediamine. A
quanti tative yleld of a yellow bese was obteined; m,p.:
above 215®, Beoause of the insolubility of the Schiff’s
baso in aleohol and water it was necessary to form the




cobalt derivative by triturating the base with a solution

of the mecessary amount of cobalt acctate and warmings the
suspansion for some time. A dark red, inszoluble mtarisl wes
obtained which was apparently the compound desired, 1t did
not eurry orygen oftor drying at 100® or at higher tamper-
aturas,

AZ. Ee-Hydroxy=-3-me thoxyacotophonona

Sinca the cobalt derivetivo of Z=-hydroxy=3-methoxy-
honzaldchyde and o thylanediamino nossecssed a much higher rote
of nxvgenation then tho corresvonding salicvlaldehyde comnongd
(parant compound), it appnared nossihla that the cohelt do=-
rivative of Z=hydroxv=3-mathoxyacetophonone would have a
hicher roto than that from Z~hydroxyacetorhenono which
hos beon shown to ba active but slow.

The following synthesis of Z=hydroxy-3-methoxyaceto=
phenone wos proposed:

CH, CHy

T
k /[g —p 7




Tha first step in this procass, the conversion of 2-
hydroxy=3-me thoxy“enzcldehyda to 2-hydroxy-3-mathoxyhenznic
aeid wag earried ont dy fusing the aldehyde with notnssium
hydroxide at 210° for 10 minutes. T™he propar condiiicrs were
found after several tries and o final yield of cver 90 per
eant was obtained. Z2-Hydroxy-3-methoxyhanzolc scil iz a +hitn
crystalline ma%terial melting ot 148=149°,

2-Hydroxy=3-methoxybenzoie acid was eonverted
to 2.3=dimethoxybenzoic acid by mathylation with dimethyl-
sulfata in sodium hvdroxida solution. On acidifieation,
tha dimethoxybanzois aoid wos ohtained as white oryatals,
melting at 121-12Z2°,

2-Hydroxy-3-methoxybenzoic scid was converted to its
mathyl ester by treatment with absoluta methyl alcohol and
dry hydroren chloride. After the usual staps of dilution,
extrection end weshing, caraful fractionation vialded material
boiling 124-125°/2 mm,

Work on the next stop of this synthosis was undorway
when tha work on this contract ended,

BA. Mixturas of Aldohydas from 3=
Methyl-4-chlorophanol

The Duff reaction was run on a 100 g. aampla of 3=
mathyl=4=-chloronhenol; a yield of 36 g. of crude product
was obtained, ™he product which was a solid was recry-
stallized from 50 per cent alecohol, m.p.: 99°. The phanyl-
hydrazono ocnd oxime derivativas were nrovared, melting at
205* ond 131-132° respoctively., The Schiff's hes~ of this
aldehyde with othylenediomine was prepared and rocrystalliz-
ed from aleohol, m.p.! 2281*, Tho cohalt compound was pre-
pared by dissolving the Schiff'a base in alechol and add-
ing an agqueous solution of cohalt acetate so that the finol
olcohol concentration was 40 per cent. The compound was
sub jactod to the usual tests and found to be inactive,
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BB. &=Hydroxy-3,5-dinitrobenzaldohyde

An attampt wes rade to propara 2-hydroxy-3.5-4initrc.
benzanidehydo by the Duff reaction on 2.4-4dinitronrennl.
Tha product ohtained on working up tho reaction mirture ia
tho usual mannor was shown not to ba tho dazircd aldehvde
but merely somo of tho original phenol. Tt was concluded
that tha Duff rcaction doss not nroceod normally on & rheno!
having two nitro grouns, This nhenol is sufficiently acld:ic
to form salts with ethylenediamine and phenylhydrazine, Yo
furthar attempt was made to prarare this aldehyde by other
mcans,

BC. Thiosalleylaldchyda

An attompt was madoe to prepare thiosalicylaldehyda by
the Duff reaction on thiophencl. A crystalline nroduct was
obtained in vory small yicld. Upon racrystallization from
dilute olcohol puro white crvstals woro obtained, m.p.! 60°.
The product, howover, did not react with athylenodiam*ne or
with phenylhydrazine. The desircd aldehyde had not bean ob-
tained and no further efforts to reprro it by this reaction
werce mado.

BDs &E=Hydroxy=3-aldehydopyridine

3everal attenpts wero made to preparo 2-hyd roxy-3-

aldehydoryridine by tho application of tha Duff reaction to
2-hydroxypyridine, Tho procadure was modifiad in a numhar
of respacts but nono of the products isolated rasacted with
othylcnediamina or phonylhydrazino ond it woes concluded thot
no aldehyde had beon ohteined, Othsr methods of synthasiz-
ing 2-hydroxy-3=aldehydopyridina wore dovised and tho syn-
thesis by ono of the nroposcd mrthofs was under woy when tho
work on this rroject terminatod,
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BE. 2-Hydroxy~3-methyl~4¢,6-dinitrobenzaldehyde

An ettempt waa made te prepare 2-hydrexy-3-metiayi-
4,6-dinltrebenzeldehyde by the Duff reacticn en 3,5-flirltre-
o=-cresel. As in the case of the Duff reactlen en 2,.-QI-
nitrephenel reperted in Sectien BR above, no aldechyie was
ebtained. Only a small emount ef the eriginal phenoi waj
recovered frem the reactien,

BF. 2-Hydroxy-4-methylacatophenone

About 100 g. eof 2-hydrexy-4-methylacetophenena was
preparad by the Fries reaction on m-cresel acetete. The m~
cresel acetate wes prepared frem m-cresel and glacial acetio
acid using acetyl chloride as tha esterifying agent. The
datails of this preparation may be feund in Repert LYVII,
Sectlien III, Sunhsectien C. The 2-hydrexv-4-m: thylacetonhen=-
cne obteined was cendensed with ethylenediamine and the
condensation nreduct recrystallized from n-prepyl alcchol,
M.P.: 2283°, The cobelt compeund was prepared by adding an
acueeua selution ef ccbalt acetate te a hot solutien ef the
condensetien oroduct in ne=prepyl alcokol. A brown compound
was obtained which wes subjected to the usual tests and
feund te be 1inactive toward oxygen.

BG. 2=Hydroxy=5=-=methylacetophenena

2=Hydroxy~S-mathylacctophencne was premred by the
Fries recaction on para-crosyl acetate, The detalls of this
prepereticn ere deszcribed in Report LYVII, Sectlion TTI, Sub-
sactien B, The acetephenone was obtained in a 73 per cent
yield and had a crystellizatien peint of 45°. The cenden-
sation preduct of this acetephenons amd ethylenediamino was
rrepersd. The reaction was carriecd eut in alcohel solution
and found te be slew as compared with the fermation of
Schiff's beses with o=hydrexy aldehydes. A small amount
of the condensation preduct was recryvstellized frem 95 per
cent eleohel, m.p.: 198°, The cempeund di-(2-hydroxy-5-
methylacotophene cthylenediimina cobalt was prapared by




dissolving tha condansation product in alecohol and adding

to it a hot aqueous solution of cobhalt acetats, The coha*{
compound which was red in color formed immediately. Ths
compound was dried in a vacuum at 100°, TUpon heating this
ecmpound fn a vacuum at temperatures of 130° and 175 caly

a very smnll aditional loss in waight was ohserved, Upca
axposuro to oxygen at 200 p.s.i.g. tha samplo gained 1 por
cant 1n waight. This gain in welight was ohserved uoon ax--
posura to 200 p.s.l.2., oxygen following activation in a
vacuum at 100®, 1307 and 175”". There was no chanee in coict
upon oxygenation as usually observed with othar oxypan-carry -
compounds., Tho comnound did not anpcar to be appreciabdbly
hygroscopic sinca the walght remained constant uoon stand-
ing in tha balanca case exnosed to tha atmosphere, In view
of tho abovo rasults further studies on this compound will
ba mecessary to more fully aScertain its properties as an
oxygon=-carrying comnound,

BH. 2-Hydroxy=3,5~dibromhonzaldehyde

From tho Duff roaction on 100 g. of 2,4-dibromophenocl

thare was obtrined 7.5 g, of 2-hydroxy-3,5-dibromobenzal-

dehyde, The aldehydo wa3 recrystallized from dilute aleohol,

M.Pe.: 77°. The phenylhydrazone derivative of this aldehyda

was preparcd and recrystallized from alcoholi MePe2 1441429,
n

Tho aldehyde wes condonsod with othylenediamino in absolute

alcohol, roadily forming a very insolubla Schiff's base,

A portion of tho Schiff's base was rocrystallized from s

grpropyl alcohol, m.p.: 247°, Tho compound di-({2-hyroxy-3,5-
ibronobonzal)othylonodiimine cobalt wes preparod by dis-
solving tho Schiff's base in p-propyl alcohol and adding a

hot aauzous 3oclution of cobalt acetate. A dark brown come
pound was formed which was driad at 100® in a vacuum and aub-
Jocted to the usual tcsts for oxygen capacity. The compound

was not active towards oxygen.

BI. Z2~Hydroxypronionhenona

2=Hyiroxypropiophanone was prapar=d hy ths Fries raasction
on nhonyl propionate, Tha phenyl propionate was preparad
from rhanol and propionic acid using thionyl chloride as tha




osterifying ngent, Tha Fries reaction on tha ester was
earriod out br the procedure doscribed in Qrzanic Svnthesis,
Vol. YIIT, p. 91. The condensation product of £=hvAlOXY :
propiophonona snd 2thylenediamine was preprrod and 1ra-
crystellized from alecohol, m.p.: 118-118,5°. Scvaral attempls
were mado using various methoda to prepare the cobalt da-
rivative but a s0lid cobalt compound could not be prepaced.

BY. Z2-Hydroxy=-3-carboxyhbenzaldehydo

2=-Hydroxy-3-carboxygonzaldchyda was c;fu

first propered by Reimer and Tiamann by ~OH

the application of the Raimer-Tiemann re- OH

action to salieylic scid. Tho synthasis L0

of this compound was carriod out in this ‘G‘H
laboratory with two purpossa in mind.

First the 2-hydroxy-3-carboxybonzaldehyde

itself should form & Schiff's base with

ethylenediemine and this in turn a cobalt compound of in-
terest as a possidle oxygen carrier. Second, it wes pro=-
posad to apply tha Reimer-TMemann reaction to 2-hydroxy-
phenylpropionic ecid to obtain Z=-hyiroxy-3-aldohydo-phanyl-
propionic acid (S=ction XIT], below) and it eppearod desirabla
to obtain exparionec with the application of this roaction
to a similar, known prroduct. Two aldehydes aro produced by
the Reimer-Ticmann reaction on salicylic occid. The involved
procoduro uaed by Reimer and Tiemann for the separation of
thoso aldehydas wes considerably simplified in this work by
the dircet procivitation of tho copner salt of the desired
ortho= aldehyde from which the sldahyde was subsequently
recovored by troatment with aciéd. The vield was vary poor.

Sevoral atempts wars mado to convert sslicylic acid to
2=hydroxy=-3=-carboxyhenzaldchyde by the Duff reaction dbut tha
results were uniformly unsuccassful,

A yollow insoluble materlinol was farmed on mixing 3-
carboxysalicylald~rhyde with athylenediamino in aleohol. This
meterlial did not melt at temparaturas up to 250°., It is
assumad that this material was tha desired Schirf's buso
but the possibility 1s not axeluded that it was simply the
ethylanediamine salt of 2-hydroxy-3-carboxybanzaldehyda., On
treatment with 2 cohalt salt under the usual condition for the
formation cf a cobalt derivative of a Schiff's base, slimy,
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partially solublne products were obteined. The addition of
one and of two equivelents of alkall hofore the additiorn of
thie cobalt was of no assistance in making this rcaction pro-
ceed in a more satisfactory manner, When firelly iso_nted
the materlal aid not carry oxygen.

VIIg. Compounds of Structure Different from
the Parent Compound

F. Ethylene~bis~-thioglycollic Acia

A small semnle of cthylene~blis~thioglycollic aciq,
[00C=CHz=S~Clig~CHp~S5~Cllp«CO0H, was recelved from W, A.
azizr of the 4du Pont Ccmpany. It vrs cxpoectad that

this material would form a cobalt derivative correspond-
ing to the formula
Ha E

C -~ C

/ L)

~

; \
HoC — S S = CHp

co

Ll
.

0=C -~ 0 ™0 = C=0

which, having a superficiecl resemlence to the perent oxygen-
carrying compound, might earry oxyren. The cohalt selt of
this material was readlly prenared by the intarection of

tho organiec matariel with an aousous solution of cobalt
acotata, Tt was obtained as a violet colored material of
dafinitely cerystallinz character., Unfortunantaly, this
material showed no oxyren-carrying activity after drying

et various temperatures from 100®° to 170°.

G. Diselicylethylencdiimine

It appecred of interest to determina if the compound
obtained by hydrorenating the doubla bond linkages between
the cerbon and nitrogen ctoms of tha parent compound would
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carry oxygen. A direct synthesis of the organic portion of
the deslired compound appoared possible by the condensation
of salicyl alcohol with ethylenediamine:

s ﬁ— CHoOH
2 +
k_,."' UH Ha

It was found that salicyl alecohol and ethylenediamine
did not reect until heoted to 150®; reaction then occurred
with the formetion of an amber=-colored resin. The resin
was soluble in alkeli, gave an orange color with ferric
chloride but 4aid not yield a cobelt derivative,

This approoch to the problem of eliminating the double
bond linkage of the perent comnound appeared to lack pronmise
and wes ehondoned. "

A Teétin&-&pparatus

€. Apperatus for the Determinotion
of the Rate of Oxyronetion

{7) variotion of Rute of Oxygenetion
with Mumber of Cycles

It had been observed in this leboratory on a number of
occasions that the rate of oxygenetlon of the type of oxygen
carrying compounds under study veries with the pretreatment
accorded the muterianl, In en effort to secure more nositive
information on this proint, it was discovered thot the rete
of oxygoenation changed markedly during the first few eycles.
of orxygenation and deoxygenetion,

A sample of di~{2-hydroxy-3-ethoxybenzal)ethylenediimine
cobolt (Co-0x BT) was prepared from purified 2-hydroxy=-3-
ethnxybenzoldehyde and nickel and iron free cobelt, tha
synthesis being carried out under the most ideal conditions.




A semple was activeted et 100° in a vecuum end 1ts rete of
exygenution determined in tho simple manometric apparatus
{Third Progress Report, p. 48). The receulte ero reported
graphicelly in tho aecompanying figure. The time requiread
to ohtein 80 per cent seturetion was 10 minutes on the

first cycle, 6.5 minutes on the second ocycle, 4.5 minutes

on the third cycle end the seme on following cycles, It
eppeers, therefore, that oxygen-carrying reteriels should te
put through at loest three c¢ycles prior to the determination
of their rate of oxygenetion,

XIII. Soluble Oxygen-Carrying Compounds,
Operation of the Oxygenation=D2oxveenetion
Cvele in Solution. Roletion of Disalieylel-
ethylenediimine Cobalt to Heme,

The studics on the preparation of oxypch using disal-
icylelethylenediimine cohalt reversibly hevo in the past
been devoted principelly to the operation of the process as
a gas-s50lid reaction. From en enginecoring etendpoint this
1s e particularly aifficult probvlcm. It would be far
simpler if the process could be made to operate in solution,
Part of the very eerly wark of Chao end Diehl was devoted
to an attempt to pr:perc an oxygoen-carrying compound whioh
would be soluble in a petroloum solvent having a low vapor
pressure, "These carly investigations aid not mmet wlth succees
{ se2 reporte of Cheo end Nichl), Further work along this
line was carried out by Liggott using pyridine end chloro=-
form as solvents, It was found thet a pyridine solution of
tho compound cerried axygen reversibly foar ono cycle only,
after which the solution was inective., The chloroform solu-
tion 4id not carry oxygen even for one cycle, This work is
describod in ocur First Progross Reoport, p. 21 end in more
dotell in Repert X.

Diceliecylalethylenediimire cdbelt resembles hemoglobin,
or moras perticularly the hene portion of “hemoglobin, in a
numbar of rospects. Both heme and disaliceylel ethylone-
diimine cobalt ere quedridentate chelste ring compounds,
although in the former the organic molocule completoly
aurrounds the matal atom (iron) farming e closed svstom of
four rings, while ir the latter compound, 2lthough thcre ara
the samc number of bonds atteching the m2tal atom to the
orgenic molecule, only threc rings are prasent. Toth are
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probably flat molecules, that is the metel and the orgenio
portion of the molecule all lle in the same plane, although
the presrnt avidnece for thie in the case of disalicvial -
ethylenediimine conalt is not conclusive, Roth carry oxvgen
revarsibly although in different emounts, hemoslobin cerrve
ing one molecule of oxygen per iron atom, diealicylalethylel-
ethylenediimine carrving one half a molecule of oxysmen par
cobalt atom. Meme, detechad from tho globin of hemoglobin,
is inactive toward oxygen. When dissolved in solutlons of
pyridine or other nitrogenous materials it becomes able to
carry oxyren., This neturally leade to sceculation as to the
behavior of disalicylalethylenediimine cohalt under such
conditions, Perhaps by supplying a globin or similar nitro-
genous substanco, diealicylalothylenediimine cohalt can ho
made to function in sclution like hemeoglobin, The oxperi-
ments of Llggett mentionod above were not a good test of this
gince the solid pyridino addition compound of disalicylalethyl-
enediimine cobalt ie known to be inactivo towerd oxveen;

on the other hand a dilute sclutlon of pyridinoe and tho
cobalt comnound might beheve entiroly dif ferently. It is
known that heme when dissolved in solutions of nitrogonous
materials only functions as en oxygen carrier when the pH

of the solution hes e definite value, usually ehout 7,

It would appear that this factor also must be carefully
coneiderod in offorta to find e means of operating the
oxygen producing cyele of disalicylalethylenediimine cobalt
in solution. The litecrature on the subject of the oxygen-
cerrying oroparty of hemoglobin is, of courae, very extenw
sive; much of it is, however, devotod to the biological
aapects of the preoblem and 18 not partinent to our problen.
Little i3 known of the nature of the linkage of heme to
elobin. Undoubtodly tho orincinal attachment is through
secondery valence linkefes betwoen the iron atom-end the
ritrogen atoms of the rrotein glohin; th2 nroolonic acid and
vinyl side chains of heme, bowaver, might elso he involved,
It would eppoar worthy to introduce theso side chains into
the dl=salicylalethylenediimine cohalt molacule and to deter-
mine treir effact on the solubility md stability of their
solutions in solutions of nitrogen conteinirg materials.

¥ollowing up these lines of thought sucgested above,
the so1ubility or disalicylalothylonediimine cohalt in var-~
ioue nitrogenous matorials waes dctermined., Teble T summar-
izes thesn solubility studiecs, Thase studirs wore mado by
addéing an axcess of disalieylaletbylesnediimino cohalt to
the solvent to ho tested and stirring the mixture vigoroue-
ly with a m:chanically driven stirrer for sixty minutos.
Tho exeess cobalt compound was then remeved by filtration
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and a measured volumo of the solution taken for analysis.
The analysis was mada by decomposing tha orgenic material
using nitriec, sulfurio and perchloric acid mixturo, tha
final snalysis for cobalt baing rede colormetrically.

A saries of solubllity daterminstjons was rmade usgire
concantrations of pyridine varving from 0.005 molar up to
and including pure pyridina (1 - VI in Tahla I). Tho
solubility was found to bo a function of the nyridine con-
centration, the compound being soluhle to tha extent of
4,1 par cent in pura pyridine. The solubility in 50 per
cent pyridine wae of such en ordar that assuming the cobalt
comoound to ve activa the solution would earry a far greater
percentage of oxygon than blood., The solubility of tha com=
pound in pura water was found to be very low and is inoluded
in tho Table (X) for purposcs of comparison,

Tro Solubility of the compound in 50 por cent pyridina
solutions of various values was detarmined (Table I, Xyr=-
XV). Tro pyridine solutions were buffarod to the desired
PH valuas by the addition of hydrogen chloride and water,
all solutions contein a totel of 50 rer cant pyridine in
the form of frea pyridine end pyridine hydrochlorida, Tha
80lubility - of the compound in these verious solutions was
approximataly the seme axcept with pH values of £ or below
1n£n?1ch the material was dccomposed becausa of the high-
acldity,

Tha solublility was also determined in eaueous solutions
containing egg slbumen and glycine, (VII - IY). Theso
materiels oxerter nogligible solvent power.

From the above solubility studies no decisive conelu-
sions may ba drawn. It was only hoped that some insight in-
to the oroblem might he obtained which would indicato tha
lines elong which further research should follow,

Inasmuch as hemoglobin contains iron as tha metal in
this retel-organic molccule an analogisjwith this cobalt
compound may not be justifieblo in overy case. TFor pur-
poses of comparison the solubllity of disalicylalathylene-
diinine iron in various nitrogen containing solvents has
also been determinad. These results ere summarized in
Table J1. These solubllity studies ware carried out in
tho nmenner deserihed above for the cobalt compound. Tha
iron was determined following decomposition of tho organio
material with nitrie -perchloric-sulfuric acid mixture by
reduction with aluminum wire followad by titration with




potassium permangenate. In general it was found that the
iron cempound was somewhat less soluble than the cobult
compound,

The next step in this study econsistad in the cyalie
operation of these solutions at daif ferent pH. This study
was under way whon the work on the contreet at Jowa Statae
College ended,




TABLE I,

Solubility Studies on Disalicylalethylenediimine Cohalt in Various Solvents

Disallcvlalethylene=

Tnitial | Pinal | cobalt diimine Cobalt
Nature of Solvent oA pH |g./100 ml gran/100 ml.

Pure Pyridine. - - 0.74 4.1

Pyridine, 1 Molar, buffered. 0.072 0.39
Pyridine, 0.1 Molar, unbuffered. 0.0475 0.26
Pyridine, 0.02 Molar, unbuffered, 0.021 0.12
Pyridine, 0.01 Volar, unbdbuffered. 0.028 0.15
Pyridine, 0.005 Molar, unbuffered 0.012 0.087

Pyridine, 0.1 Molar. %gg alhumen
addeqd, 0.034 0.19

Solution of ®gg albumen in water. 0.011 0.062
Glyoine, 1 per cent buffered. 0.N019 0.10
Pure weter. 0.019
Pyridine 50 per cent, buffered.
Pyridine S0 per cent, buffered, : 5.9
Pyridine SO0 psr cent, buffered. 4.7
Pyridine 30 per cent, buffered. 4.7
Pyridine 50 per cent, unbuffered, 4.7




TABLE II
Solubility of Disalicylalethylenediimine Iron in Various Solvents

Disalicylalethyl-
Initial | *inal Iron enediimine Iron
Nature of Solvent pH pH | e./100 m.| grams/100 ml.

Pyridine S0 per cent, buffered, 2.45 2.85 0.088 0.5192

Psridine S50 per cent, buffered. 5.7 5.3 0,485 2,86
Pyridine 50 per cent, buffered, 6.5 . 6.0 0.210 1.23

Pyridine 50 per cent, buffered, 6.9 6.95 0.083 0.489

Pure Weter. — -~ |  0.0044 0.025
Ethylenediamine, pure, — i sqightly SQIu*le
' i

Ethylenediamine, 10 per cent * i
ety s o Slightly solutle

Clycine, 10 per cent in Yater. 5.9 0.074
i 57 0.096

Glycine, 25 per cent in ‘ater.

Siieghtly sa1p+le

Quinoline.
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APFEIDIX I.
SUMMARY OF REPORTS O OXYCEM PRrORL®=M

Raport to Period foverad Date of

NDRC Mo, By by Raport Report,

Chae and Dichl 10=20-38
cohalt, iron ard manganese derivatives of di-
sallcvlalathylanediimina; disalicvlalhenzidine
cohalt; test Tor oxyesenation cemacity; 1nmin-
ascence tast,

Ckao and Diehl 11-20-38
fokalt, iron, cooper, cnd chromium derivatives
of dianlicylulethylenadiimine; ecohalt, iron,
and mangenase de-ivatives of disalicylalphenyl-
erediinira; ecchalt, iron and manrznesa deriva-
tives of disalicylalbenzidine.

Chao ard Diebl 12-20-38
Tin derivatives nf dlsalicylelethvienediimina
and disuliceylelprenylenediimine; lead disalicr=-
lalethylenedjimine; efreet of nitroren on dil-
sallevlalet *¥lenadiimine echaolt: srlicvlislamide
cchalt.

Chao and Niebl
Reduction of nitroalkanes; ourification of sal-
iecylaldebyde; Schiff's has2s of salicvialdAebvie
ard varjous alkviarinaes; cohalt Aerivatives of
the latter; nrenarvation of dAiralicvlnl athviane-
diimine cohalt of hiphk canacity.

Chao and NDiabhl 4-2R-39
Continuation ef work on derivatives of monanines
with solicvlaldehvde and emmonia; mathvlamine,
ethylanina, n-prenylamine, iso-orooviamine, n-
hutylamine, n-amvlarine, an¥line.

Hach and Diehl 10-1-40 2-17-41
to
. 2-15-4)

constitution of disallrvlalethylenedlimine cohalt;
anelysis and molecular weipght of 6isal ievlaletr y-
lerediiminz corolt: tha effact of liefht on tha

material; tho effeet ol trassura on oxveenntion;
apparatus for nroduvcing oxween; mrepsration; di-
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Mumber NDRC Mo, by Ravort Paport

(3-nitrosalicvlal)ethylenediimina echalt; Ai-(5-
nitrosalicvlal)athylansdiimine cobelt; cohalt
derivatives of salicylaldehvie and diethyvlane-
triamine, triethvleratetremine, tatrasthylane-
pentamine, and hvdroxycthylethrylencdiamine;
mochanism of the oxypenation rrocess,

Hach and ™iehl 2=15=41
to
3=15=41

Effact of 1light of vatrious wava lengths on
disclicvlalethylenadiimine cobalt; temmerature
of deoxvreration; studv of synthesis and olive,
red, and black by=-products; other methods of
nraparation; presence »f water in the com-
pound; the vanlence of cohalt in the compound;
the rato of orxygenotion.

Diehl, Yach and 3=15-41
Harrison to
8-25-41

The rato cf oxvrenation of disalicvlalethy=-
lanediimina cohalt at different temreratures
and pressuras; ccnstructlon of aonaratus;
continuous, circulating-solid amparatvs, watch
operation without atirring (stationary had)
with and without recirculrtion of guses, batch
process with stirring using noddle andt using
rotating drum: explosihility; density; fur-
ther notes on oreoaration of lerse butches;
tha effect of molsture,

Dlehl, Yach ord R=25-41 11-14-41
Warrison to
11-10-41
Preperation of disalicylaletryleradiirine
cobolt; the various methols; effect of the
ourity of tha salicvlaldctvwide, effect of excess
of any one of th2 reactants, effect of tre order
and rata cf addition of reagents, of"ect of tom-
marature, effect of aleohol conecentration, affect
of volume of solvent, cffect of cooline; effoct of
comnosition of wash lionid; e ffect of washing;
affecet of manner of drving; recommended nro-
ecdures,
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Mumhaer EKDRC Yo, by Reoort Rerort

v Hach, {larrison 11-1n=41 1-8-42
end Diehl to
1-5-42
Further studies on meparation of dlselicvlel-
ethylerediimine cobalt; Harrison-Hach mtrod;
direct mixing method; onolysiz.of disalicylol-
ethylenediinine cobelt: high temreratire drving;
dirty brown compound; brirht red inactive com-
pound; stereochemical considarations; effect of
weshing with elcchtol and benzena; effect of car-
bon morioxide, nitric oxide, nitroren dloxide;
the recovery of salicylaldehyie and cotalt,

2 Yenselmaler and 12-15=-41
Diehl to
1-2-42
vruvic acid ard coralt,

Ethylenedierine, o

3 Niehl 1-10-42
to
2-14-42
MYonthly report.

4 Horrison and 1-5-42
Dienhl to

1-15-42
Tisallevlinlnroovrlenadiimine cohelt.

5 Fach end Niehl 1-42
Effect of nitroren dioxiie, nitrous oxide, and
sulfur dioxide on diselicvlsalethylenediimire,
fisalicvlalethylenadiimine cohalt, and the
bripbt red insctive isomer.

8 Lirrett ond 12-15-41
Dienhl to
1-20=42

Premaration of Ais=alicvlelethylerediimine co-
belt “»y pvridine netrod; cotelt snd ‘ron deriv-
atives of disaliecylalpkenyleneadiirine; opara-
tion of Adisplicyloletibhyleneadiimine cobrlt in
solution in pyridine and in chloroform.

7 Head and Diehl 12-15-41 R=23-42
" to
1-22-42
Trilentote ccbalt comrounds from g-hvirorv-
henzalimino-g-phrrol.
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8 Diehl 2-14-42 3=14-42

to
3=14-42

Monthly report.

") Henselmeler end 1-2=42
Diechl to
2-14-42
Ccohalt derivetives of ovruviec ecld and ethvliene-
dlarine, propvlenedieri-e, end g-nhenvleredianine.

10 " Tech and Niehl ~ 2-1R-42 4=-14=-42
' to
3-24=42
witratlon of sallevlaldehvde; sepzration of 3-
erd S5-nitro lsomars; Al-{3-nitrosalicvliel)-
ethylenediimine eohalt: d{i-({5-n1trosnliecyrlel)-
ethylenedlimine cohrlt.

11 Head and Niehl 4=-6=42
to
. 4=9=42
Nitretion of suliecyleldohyde! varistionin
nitric ecid concentretion.

12 Liggatt and Dishl 1-17-42
to

- 3=25=-42
3=, 4=, 5«~, and 6-methvlsnlicylal deb vdes,
their condensation with ethyleredianine end
eohalt; di-(2-hvidrorv-3erethoxvraenzel Jethyl-
ancaiimine corelt; L-hxdimxv-l-nanrtralder o
and its condensetion with athvlenediemine and
cohalt; atudy of Reimer-miemann reaction.

13 Vonselreier end 2=14-42
Niehl to
3-3-42
Disalicylelethylenediinine co~alt hv pvridine
mrthod; disalicvlial rropvlenediimine ¢ chalt
by pyridine method; o-hvdroxvacetontenone
with ethrlenediz+wine and eochalt; resacoto-
phaliona) di-(2-hvAroxy=-2-matk oxyhenzal)-
ethylznadiimine cohnlt,
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14 Heed and Diehl 2-20-42
to
3-4=-42
Resolution of propylenediamine end
disalicylel-l-propylenediinine c¢olbalt.,

15 Head and Diehl 1-31-42
to
2-10-42
Disalicylalethylenediimine iron.

18 Huirison and 1-1-42
Dieal to
2-24-42
The marnetic susceptibility of diselicylal-
ethylenediinine cobrlt end related compounds.

17 Howd, Huch 2nd I-20=42
Diekl to
3-2-42

Cobalt, salicylaldehyde and decsuethylene-
diarine, nonarethylencalamine, hexamethylene=-

iemine, trimethyleneliemine, is3-propylemine,
and 2,3-butylensdiemine! preperation of disecl-
icylelethylenediirine cobalti density of
Gicalicylalethylenediirnina cobalt, cobeltini-
trita method of purifyin cobalt.

18 Harrison end 2-19-42 4-27-42
Dichl to
2=20-42
Cotalt, iron and ranganese derivotives of
ethylenediamire and 3=-bromosalicyleldehyde.

19 Dichl 3=14-42
to
4=15=42
llorthly repoit.

20 Harrison eond 2-24=-42
Diehl te
3=29=-42
Preperation oi' disalicrieletlhvlenediimine
cotalt under arlydrous ccnditions; tha gsreen
anG crauge compounds and their conversion with
water to oxygen carriers.
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XV

Date of
Report

21 Hesd and Diehl 3=22-42
to
3=26-42
2-Hydroxy-3-methoxy=-5-nitrobenzeldehyde and
its corndensation with ethylernedismine and
eobalt.

22 Diehl 12-1-41
to
4-15-42
First prozress report.

&3 Lizgett ard Diehl 3-26-42
to
H=13-42
Di-{2=-hydroxy-3-izethoxybenrel) ethylenediinine
cobelt' preperation by varlious methods' vol-
unietric deterniinution of oxyren cepacity, rate
of oxygenation.

24 Diehl 4=-15-42
to
S=1%=42
lornthly report.

25 Head end Diehl 4-17-42
to
5-15-42
Nitration of saslicylaldehyde; varistion of
excess nitric acid and of anount of acctic
acid; recon.:ended procedure.

25 Fecl, Head egnd
Diehl
Rate of deterioration of disamlicylaulethyl-
enediiiine cobelt end di-{(2-hydroxy=-3-
methovybenzaul) ethyleneciimine cobalt with
rotat in: drun maohire.

27 Kach, Ligzpett . 3-15-42
egné Dienl to
9-T-42
Di-(2-hydroxy-3-nitrobenzal) ethylenedlinine
cotelt cetivation, rats of oxysenc-tion et
verious te.iporetures, pressures and humidities,
rate of hydration 2nd oxyrenation.

5-1-42

4-22=-42

5=13-42

9-21-42
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XXXII 28 Eenselmeler and 4-1-42
Diehl to
5-15-42
Di-(2-hydroxy-3-methoxybenzal) ethylenediiuine
cobalt' synthesis of 2-hydrory-5-phenylbenzal-
dehyde by the Duff reaction; synthesis of 2-
hydroxy-3-nitro-5-nethylbenzeldshyde.

XXIII 29 Diehl 5-13-42
to
6-15-42
Monthly report.

IV 30 Each end Diehl 5-20=-42
to
7=27-42

Circul:ztins 30112 moporctus.

poed’s 31 Schwandt ond 6=1-42
Diehl to
7=25=42
Tetraumethylethylenecis.iine with cobtalt end
salicylaldehyde, with 2-hydroxy-3-liethoxy-
benczaldehyde, ernd with 2-hydroxy-3-nitroben-
zaldehyde.

32 Farrison and
Diehl
Differentiel nenometric capacity and rate
apparatus; sumiary of applications.

33 Prouwis end Diehl 6-16-42
to
8-31-42

Preparation of c¢c-ethoxynhenol; preparation of
2=-hycroxy-3-etvhoxybverzaliehyde by the Duff reac-
tion; di-(2-hydroxy-Z-ethoxybenzcl) ethylene-
diimine cobalt! prerar=tion, activation, rate of
oxygenation, hydration and cehydration; demethyl-
etion of 2-hyiroxy=-3-matiioxybenzeldehyde; ethyle-
tion of 2,3-dihydroxyhenzaldenyde; preparction
of J-n-propoxyphendsl; preparation of 2-hyaroxy-
3-n-propoxybenzaldehyde; di-(2-hydroxy-3-n-propoxybenzal}
ethylenzdiimine cobelt.
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XXIVIII 34 Ligcett, Head, 5=13-42 7-24-42

Diehl, Calvin to
and Co=-workars 7=-24-42

Di-(2-hydroxy-3-methoxybenzal) ethylenediimine

ccbalt: additional studies on methods of prepara-

tion, large scale preperation, activetion appara-

tug, hygroscopicity end effect on cap=city,

analysis, megnetic susceptibility (Calvin), rate

of oxygenation, rete of deterioration in use,

equilibriu pressure {Celvin).

35 Diehl 6-15-42 7-23-42
to
7=23=42
Manthly report.

36 7=24=42
to
B8-15-42
liorithly report.

37 Head end Diehl 4=-24=-42
to
5=20=42
2-Eydroxy=-3-brozobvenzalcehyde with ethylene-
diemine and cobalt,

38 Harrison =nd 7-22-42
Diehl to
8-21-42
2,3=Dihydroxybenzaldehyde with ethylenedianine
and cobelt,

39 Yathews and
Dizhl
Acetylucetone, benzoylacetone, ané dibenzoyl-
methane with ethylernedieniine cnd cobelt,

40 Methews and 5=1-42
Diehl to
G=1-42
Allyla:ine poalynuclesr conpounds.




Report Report to By - Period Covered
Humber MNDRC Ko, by Revort

XLv 41 Ligzett and 7=-11-42
Diehl to
5=24=42

2=Hydroxy=3=-nitro«5-nethylbenzaldehyde with
ethylerediemine snd ecobalt; formylcamphor
with cobz2lt and ethylenedicnine end with o-
rhenylenedlanine; methylenedianine with
salicylsldehyde and eobalt.

42 Diehl 4-15+42 . 9=-26-42
to
9=1=42
Second prograss reuort.

43 Heed and Diehl 3—%2-42
o
3-8-43

2,4=-Dihydroxyvenzaldehyde, 2-hydroxy-4-methoxy-
benzaldehyde, 2,5-dihydroxybenzaldehyde, 2=
hyéroxy-5-nethoxyrenzaldehyde, and 2-hyiroxy-
G-ethoxybenzeldehyde; their condensation with
ethylerediuvnine and the oobalt derivatives.

XLVIII 44 lerrison £nd 8=19-42
Diehl to
11-4-42
S=flkoxy eompounds.

43 "Diehl B8«15-42 9«15-42
to
9-15-42
iornthly report.

46 Haeh and Dichl 5=-20-42
to
10=-31=-42
Report !l'o. 1 to NRL
Circuletingz-colid apparatus, heat trensfer
studies, design of second model.

11 47 Brouns ané Diehl 9-1-42
to
12-16-42
Further stuaiee on ethoxy esnpound, Co-0x BT




Report Rerport to ; Period Covered Date of
Wuwber MDRG NO. by Report Repart

LIT 18 9-15-42 10-15-42
to
10-15-12
Monthly report.

19 Curtis znd Diehl 10-26-42
to
10-29-42
Attempts to eectivete inactive conpounds
by stean treatmsent.

30 Darrison and  10-21-42
Diehl to
1-15-43
Preparetion and study of cobelt deriven-
tives of mixtures of z2ldehydes.

51 Heed, Ligmett 10-5-42 12-3-42
anéd Dieh? to
11-18-42
Comnierolel preparction of 2-hydroxy-3-
ethoxyhenzaluehyde by Reluer-Tis=isenn
recaction,

58 Dienl 1¢-15-42 11-16-42
to
11-16=42
Monthly report.

LVII+ 53 Hach, CSurtis 11-22-42 12-15-42
and Diehl to
12-8-42
Applicntion of rapic mixing anlparatus to
alrplane unit.
+ These reports were incorrectly lebeled
LVI-55 .

51 Diehl 11-16-12 12-16-42
to
12-15=-42
Monthly report.

5 Iigrett and Diehl 10-21-42 1-15-43
te
11-14-42
Study of cobult compounds derived {rom
mixtur:zs of Z-hydroxy-3-uethoxybenzeldehyde
with salicylaldeayde vund 2-hydroxy-J-ethoxy-
benzaldehyde.




Report Report to By Period Covered
Juber NDRC No, by Report

LY 28 Ligzett and ll-14-42
Diehl to
1-1-43
Attenpted preparatlion of unsymmetrical
Schiff!s bvases.

57 Harrison, Brouns 10-20-42°
and Dilechl to
1-20-43
Bate Apparatus.

38 Brouns and 12-18=42 2-19-43
Dichl to
2-13-42
Studivs on Co-0x, Co-0x )}, Co-0Ox P'T,
and the mixed compounds Co-0x B'™3, Co-0x
B10, Co-0x R’30, Co-0x BMSO, Co=-0x BM70,
Co-0x TI90.

53 Head and Diehl 11-19-42
to
12-29-42
Allyl rearrangement mothod for the synthe-
sis of 2-hydroxy=-3-cthoxybenzaldchydce;
first thres steps.

60 Hoed and Diehl 1%-20-+2
to
2=27=413
Cormplation of studles on allyl rearrangc-
ment method of synthesizing 2-hydroxy-3-
cthoxybunzaldchyde.

61 Diehl 12-15=42
to
2=15-43
Bimonthly renort.

62 Brouns and Dichl 2-15-43
to
3=1-43

Rute studies on meterinls containing
nixtures of salleylaldchyde and 2-hydrony-
3=-cthoxybenzeldehyde, salicyleldchycde
and 2<hydroxy-3-methoxybenzaldchyde, and
salicylaldchyde, 2-hydroxy-3-mecthoxybena
ze.ldchyde, cné 2-hydroxy-3=-ethoxvbenzal-
dchydo.




Report Report to By Period Covered
Pvnber NDRC Mo, by Rerort

Date of
Renort

Vi1l

63 Liggett and Diehl

Methods of determining eepecity; ectivation
of methoxy compound,

64 Mathews end Diehl Be=b=43
to
3=50=43
2=Hydroxy-3-nitrobenzaldehyde and 2=
hydroxy-S-nitrobenzaldehyde with di-
ethylenatrismine, triethylenstotremine,
tetrrothylenepentamine, and hydroxy-
ethyle thylenedianine :

65 Diehl 2=16=43
to
3=15=43
Monthly report.

66 Liggett, Curtis end S=1-43
Diehl to
4-10-43

Notes on the synthesis of o-hydroxy
aldehydas,

67 Ligrett, and Diehl 5=20=-43
to
Bel=43
Acotophenone, suhstituted acotoprenones,
end proplicphenone,

68 Diehl 9=1-42
to
4=15=43
Third Progr2ss Report.

69 Haeh and Diehl S5=20=42
to
5=20-~43
Fourth Progress Report. Circu-
leting=Solid Apperatus.

70 Diehl 3=16=43
to
4=15=43
Monthly Report,




Report Report to By Pariod Covered Date of
Mumbar NDRC Yo, by Report Report

v 71 Liggett, Schwandt Be)l5=qg3
and Diehl to
S5=30=-43
Various aldehydes,

LXXVI 72 Diehl 4e] S4B
to S5=17-43
S5wldedd
Monthly Roport

LOVII 73 Liggott, Curtis, 4020-43
Mathews and Diehl to
S5ebudd
Co=0x SS.

LIXVIII 74 Ligeott, Mathews O0=1=43
and Diehl to
6=30-43
Solubility of disalicylelzthylenediimine in
solutions of nitrogenous nnterials, Vinyl,
proplonie acid substituents,

LYXIX 75 L Diehl T 4w20-43
' i to
6=30-43

Fifth and Final Prorress Report,
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