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ethylenediimine cobalt (Co-Ox Fß), a material pobsfctsia;, th*» h I -h e t rate of oxj genution yet ob- 
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operating the oxygen-producing cycle in solution by dissolving the oxygen-carrf lng compounds in solutions 
lutions of nitrogenous materials to produce a compound more closely resembling the hemoglobin 
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•and Development, NDRC 
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"This is the final report in contract O^Iftir-215 reporting 
developments in the chemistry of regenerative oxygen car- 
rying compounds c£ the chelate type.    Of these,  the ori- 
ginal material  "Salcomino" still appears to be the best 
all-purpose material,  but other derivatives were found 
to have specific advantages«    Engineering aspects of this 
type of oxygen-producing syptems do not warrant further 
development of the chemistry of these compounds." 
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General Statement Regarding Personnel, 
Working Conditions and Related Activities, 

During the period covered by this report the ma lor 
part of the work described was carried out by Mr. Lawrence 
Liggett and Mr. Ross Curtis. The efforts of Mr. Cliffart 
Fach and Mr. Carl Anderson during this period were devoted 
entirely to work on the circulating solid apparatus. 

As might be expected, as the rather unsuccessful work 
on the chemical method of producing oxygen drew to its close, 
fewer contacts were made with the groups working on the 
problem in other leboratories. There were no visitors to 
this laboratory during the period of this report and the 
only contact with other parties was by Mr. Lawrence Lirgett 
when he visited Mr. 8« P. Stevenson and Mr. T. S. Bacon 
in Cambridge late in May while on a trip east in another 
connection. 

The Iowa State College has continued to extend every 
facility to the furtherance of work on this contract and 
its administrative officers have been constant in their 
sympathy and encouragement. As this work draws to a close, 
a full measure of appreciation should be extended the lava 
State College for its assistance* 

II9. General Review and Objective 

The general method of preparing reports in this lab- 
oratory wa3 outlined in the corresponding section of our 
First Progress Report, Roport XXVT. whis method of pro- 
paring detailed reports covering the individual items of 
the research program and of preparing periodic reviews of 
the work as progress reports has been continued through 
to this the **ifth and »inal Progress Report. These ranorts 
now number LXXIX. A table giving the number, authors, con- 
tents, periods covered and dates of these reports is given 
in Appendix I. 

The work of this laboratory during the period covered 
by this report hap been devoted principally to four lines 
of research. At considerable effort several hundred grairs 
of di-(2-hydroxy-3-n-butoxybenzal)cthylenediimine cobalt 
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(Co-Ox SS), a material  possessing the  highest rate of 
oxygonation yet observed on any compound, was prepared and 
shipped to the M.  I. T.  laboratory for engineering and 
life studies«    The search for new compounds was continued, 
.vfforts along this lino being devoted to the testing of the 
compounds from numerous aldehydes derived from various 
commercially available phenols and to substituted acetor'nen- 
one and nropiophenone derivatives.    An investigation into 
the possibility of finding a ma ans of operating the oxyren- 
producing cycle in solution by dissolving the oxygen-ccrrv 
ing compounds in solutions of nitrogenous materials to 
produce a composition more closely resembling the hemoglobin 
of blood,  the nitrogenous materials playing a role analofoua 
to hemoglobin, was nicely under way at the termination of 
the contract«    Work on the circulating-solid apparatus was 
continued during the poriod of this report; this work is 
coverod  in our Fourth Progress Report and will not bo treat- 
ed in this report» 

III5.    General Summary 

Several hundred grams of di-(2-hydroxy-n-butoxybenz*l}- 
ethylenudiaraino  (Co-Ox SS) were prepared and sent to the 
M.  I« T. group for engineering and life studies.    *"he 
yields of the  intermediate products were considerably 
improved and a method    was devised by which  the cobalt 
compound could be produced having the theoretical capacity. 

The following aldehydes were prepared by the application 
of the Duff reaction to the proper phenols: 

2-hydroxy-3-iso-pronyl-6-methylbenzaldehyde 
2-hy<?.roxy-3t5-dim^thylbenzaldehyde 
2-hyöroxy-3 f 5-di-(tcrt-amyl)benzaldeh yde 
2-hydroxy-a-^rt-amylbenzaldohyde 
2-hyaroxy-5-;nt'thyl-5-tert»-amylbonzaldehyde 
2--hydroxy-3-chloro-5-tort-hutylhenzaldehyde 
2-hydroxy-3-bromo-5-tort-butylhnnzaldehyde 
2-hydroxy-3-iso-propyl-5-chloro-6-mpthylbenzaldehydo 
2-hydroxy-3,5^Tibrombenzaldehyde 
2-hydroxy-3-carboxybenzaldehyde 

These aldehydes yielded yellow,  highly ciysballine 3chifffs 
bases which in turn gave well defined cobalt deriva- 
tives.    None  of the cobalt compounds, however,  carried 
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oxygen after having been heated lna vacuum at temp- 
eratures up to 170*   (activation treatment)  and   subse- 
quently subjected to an atmosphere of oxygen of 200 
p.s.i.g. 

3«    The Duff reaction was applied  to several ohenola 
which would be expected to yield two ortho-hv^roxy 
aldehydes.    The yields were exceotionally high in 
these cases*    Methods could possibly be devised for 
the separation of these  aldehydes but  it was considered 
hardly worth while  for this problem«    Although the 
aldehydes isolated and their derivatives possessed 
sharp melting points,  it was felt unsafe to conclude 
that the products were individual compounds.    These 
phenols and  the expected  products were: 

4-hydroxy-l,2-dimethylbenzene 
2-hyrt roxy-5,6-di methylben zaldehyde 
2-hydroxy-4.5-dimethylben zaldehyde 

3-methyl-4-t£Tt-butylphonol 
2-hydroTy-4-mpthyl-5-tert-butylbenzal- 

dehyde 
2-hydroxy-4-tert-butyl-6-methylbenzal- 

dehyde 

2-hydroxy-4-tejrt-butylphenol 
2.3-dIhydroxy-5-tart-bu t ylbon zaldehyde 
2.3-dihydroxy-6-TorT-butylhenzBldehyde 

3-Mr,thyl-4-chloro phenol 

2-hydroxy-4-methyl-5-chlorobenzaldehyde 
2-hyd roxy-5-chloro-6-methylben zaldehyde 

The Schifffs base of each mixture and ethylenediamine 
was prepared and  converted to the corresponding cobalt 
compound,    rone of the  products carried oxygen. 

4. Tho Duff and Roim3r-Tiemann reactions failed on a number 
of Dhenols, notably on 2-hydroxv-3,5-dinitrob'HiseW-^hydo 
thiosalicylaldchyde, 2-hydroxypyridine, and 3,5-dinitro- 
o-cresol . 

5. When nroperly preparüd the cobalt compound of o-hy^roxy- 
acatonhenone and ethylenediamine,  di-( 2-hyd roxyacetopneni)- 
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ethylenediimine cobalt, was found to carry oxygen reve2 •• 
sibly to, the extent of about 4 per cent.    The rate cf 
oxycenatlon wee very low, however, even under relarivVu./ 
high oxygen pressure.    Since the introduction of a Bit?' 
or an alkoxy group into the 3- position of the parert 
compound, disalicylalethylenediimine cobalt, greatly 
increased the rate of oxygenation,  a similar approach 
was indicated with o-hydroxyacetonhenone.    The corres- 
ponding 3-nitro compound was prepared but found to be 
r.Kitti/e.    Work was begun on the 3-methoxy compound but 
was incomplete when the work on this  contract terminates, 
The cobalt compound from 2-hydroxy-5-methylacetopherone 
was f o'ind  to be active but  slow.    The car respond inff 4- 
methyl compound was inactive.    2-H'droxyrroniophenone 
was also invertigated but, although a Schiff's base 
with ethyl^nedlamine could be readily prepared, a cobalt 
compound could not be made« 

Sthylene-bis-thioglycollic acid, H00C-CH2-S-CHg-CF2-S- 
CHg-COOFT, yielded a cobalt  compound resembling the  parent 
compound in general molecular structure.    The compound 
did not  carry oxygen,  however, 

A compound  in which the double bond linkage of aldehyde 
to amine of the parent compound were nvdrogenated would 
be  of interest in being possibly less susceptible to 
oxidation and therefore of a longer useful life as an 
oxygen carrier.    An attempt was made to prepare the 
hydrogenated parent compound by the condensation of 
salicyl alcohol and ethylenediamlne.    A resin was ob- 
tained which would not  yield a cobalt derivative and 
it appears  that somo othor approach will be required 
for tho synthesis of the hydrogenated compound, disal- 
icylalethylenediimine. 

Following up earlier observations that the  rate of oxy- 
genation of the compounds under study in this laboratory 
wao In 3ome manner conditioned by the   pretreatment the 
compounds had received, careful experimentation showed 
that the rate of oxyganation varied greatly during the 
first few cycles of oxygenation and deoxygenation.    It 
is recommended that compounds be alternately oxygenated 
and decxygenatcd four times  Just prior to a determina- 
tion of their rate of oxygenation. 

Reasoning by analogy with hemoglobin it appeared likely 
that disalicylalethylenediimine cobalt should be soiubl3 
in solutions o** nitrogenous materials such as nyridlne, 
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amino acids,  and proteins and that such a solution 
Should carry oxygen rever?ibly if adjusted to the 
proper value of JH«    The operation of the oxy?er.nc? or- 
dooi:ygenation cycle would be greatly simplified  fern 
an engineering standpoint if such a  solution could he 
found.    The solubilities of disalicylalethylnnediimine 
cobalt and salicylalethylenediimine iron in solution 
o* ryridine of different concentrations and different 
value of pH and  in solutions of various other nitro- 
g3ncous materials were under way when the work on this 
contract was concluded. 

TL+,  Cobalt Compounds from Sifcstituted 
Saiicylaldehydes and Similar Carbonyl 
Compounds and Ethylenediamine 

G.    o-Hydroxyacetophenone 

The earlier work with o-hydroxyacetophenone  ("^irst 
Progress Report, ?•  31) was""left rather incomplete«    In 
view of the necessity of activating the tvpe of materials; 
under study before testing for oxypen absorption it was 
felt desirable to study the o-hydroxyacetophenone deriva- 
tive further» 

The p-hvdroxyacetophenone used  in this work was  obtain- 
ed in part from Eastman Kodak Comoany and in part by oreDer- 
ations carried out i n this laboratory,    ^he o-hydroxyaceto- 
phenone prepared  in this laboratory was prepared by the 
Fries reaction on nhenyl acetate,    ^he compound di-(o- 
hyüroxyacetopheno)f»thylenedlimine was prepared by the" contaiartta 
of o-hydroxy eceto^henone and ethylenediamine in absolute 
alcohol, m.p.:  195e,    The compound di-(o-hydroxyacetophono)- 
ethylenediimine cobalt wes nr* pared by ?Tis solving the con- 
densation product in 70  per  cent alcohol and adding a hot 
aqueous solution of cobalt acetate.    An orange-red precini- 
tate formed  immediately, was filtered, washed  and dried at 
100* in n vacuum.    This compound was found to  carry oxygen 
ravcrsibly to the extant of 4 per cent but was quite slow 
at room temperature even under 200 p.s.i.g. oxygen. 

It appeared feasible to speed up the oxypenation of 
this compound by the  introduction of a nitro or a mcthoxy 
group  in the 3- position just as with the parent compound; 
work in this direction is reported  in Sections AV and kZ below 
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Q5.    2-Hydroxy-3-n-butoxybenzaldehyde 

Earlier work on this aldehyde and its cobalt oomocuEd, 
an active material havirg a high rate  of oxygenation ere 
de3igneted as Co-Ox SS'(CO-OX Super Speed), was reroi'^tr. 
in our Third Progress Reoort,  p.  38.    Several hundred prv&B 
of this material '«as prepared subsequent to the report -    A 
yield of 31 per cent was obtained in  the conversion or 
catechol to its mono-butyl ether in larger Quantity.    The 
Aldehyde was synthesized by numerous  repetitions of the 
Duff reaction using 25 g.  portions of ether;  yields of 16 
per cent were realized,  somewhat better than obtained by 
the Duif reaction in general.    A systematic study of the 
methods of preparing the cobalt derivative, Co-Ox S3 was 
made.    The best  preparations of the cobalt compound were 
mode by dissolving the Sohirfvs base  in alcohoi and adding 
to it en aqueous solution of cobalt acetate so that the 
final alcohol concentration was about 40  per cent.    The 
compound prepared by this method carried  3.3 per cent, the 
theoretical value being 3«42 per cent.    Other methods of 
preparation yielded material of considerably lower capacity« 
Tfce material formed from the dilute alcohol solution was a 
yellow hydrate very similar in appearance to the correspond- 
ing methoxy compound«    rnlikc the methoxy compound, however, 
the butoxy compound became active at a temperature o** 100°• 
The deoxyspnation temperature WtJ found to be 80°«    The rate 
of oxygenation of Co-Ox S3 at various temperatures was de- 
termined and   is reported  in our T'nird Progress Tie port and 
in our Reoort LXXVTI where other details of this work will 
also be found.    Co-Ox S3 oxygenated completely within one 
minute  or less at all temperatures that wo~e tried.    A 
sample  of 100 g.  of Co-Ox SS was forwarded to Dr.  Cattorall 
through Dr.  Bacon for engineering and life studies. 

AN.    2-Fydrory-5,*-diiaßthylbonzaldohyde and 
2-H7droxy-4,5-dimethylbonzaldehyde 

The Duff reaction was applied to 4-hydroxy-1,2-dimethyl- 
benzene ^bring a 45 per cent yield of a light crvstelline 
aldehyde, ra.p.:   69*.    Probably this unusually high yield was 
the result of the formation of  two o-hydroxyeldehydes. since 
this phenol has two open positions,-ortho to the hydroxyl 
&roup.    Several unsuccessful attempts were mafle to separate 
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these isoners.    The Schiff's base of this mixture of Aldehyde* 
and ethylenediamine was prepared and the product recrystij.-• 
lizad from n-propyl alcohol, m.p.:  212-214°,    A ccba'.j 
compound off tin  above schifft base was prepared;   io nea 
fCGUrt to be  inactive  as an cxygen cairier■ 

AO •    2-Hyuroxy..?, 5 -J inr th yl*m Zbl d ihyfl e 

2-Hyircxy-3,5-dinethylbenzaldehyde was  prepared by the 
Duff reaction on 2,4-dimethylphenol,    A field  of LI per ceni 
was obtained.    The  product «rei a li^ht yellow oil which 
crystallized upon cooling to 23°«    The phenylhydrazonu de- 
rivative wcs propared and crystallized from dilute alcohol, 
m.p«;     103°.    the oxime derivative was also  cre^ared, rur.: 
133J;  Pambergor and 'Vieler,   (£•  prakt. Chem,.  [2],  53,  38«) 
report^  the melting point of the oximc derivative to bo 
138°,    The aldehyde formed a Schifffs base with otryl^nediamfne 
mp,:  132.5°,    The compound, di-(2-hydroxy-3.5-dimetnyi- 
tr«nzal)ethylenediimino  cob nit, was prepared.'  The  compound 
WPS found to not absorb oxygon when subjected to the  usual 
activation treatments and  oxyponation tests. 

A?»    2-lTydroxy-3-isoj-propyl-6-mc thylbenzaldehyde 

The aldehyde 2-hydroxy-3-iso-propirl-6-methylbenzqlr'e- 
hyde wcs obtained br tho maans of  a T»uff  reaction on thyincl- 
(ü-is_2-.prop/l-5-mothylphenol).    A yield of 18 par cent wes 
obtained in this reaction.    The product,  a yellow cil, was 
fractionated under diminish, d pressure, b,p.: 105°/5 mm., 
refractive index:  1,5506  (25°).    The s^mlcarbezono deriva- 
tive was  prepared.  m.p.:  194°; Boll and Henry (£.  Crem, 
Sec. t 1986,  2215)  havä reported  the eemicaroazone cTerTvatlve 
of the~aldohyde  to ir^lt at 198°.    The Schiff'«s base  of thij 
aldehyde was praoared and rocrys^ulllzed from absolute 
alcohol,  m.p,:  112-113°.    *&• compound di-(2-hvdroxy-3-lro- 
Dropyl-6-methylbin".ftl)ethylonedilmire cobalt was preparec" 
but found to be  inactive towrrd  oxyfen. 
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AQ.    2-Hydroxy-3,5-di-(tert~amyl)bon7aldehyde 

Attempts  to prepare this aldehyde by üie D'Jtff ro.^Jaii 
or. £, i-ciamv].phenol yielded extremely sr^ll r.ipcuv.« a-' el- 
lirl p.;      Only  about 5 t.  of  product was obtained frca four 
KH'lf reaction! ttsifig 50 g.  of the phonol  in Mali    k& a* I •-%<• 
r,'   rivffy r,hjc latll amount of materia?. by VI cuan t la-,:•.' ~- 
atlca %-f8  unsuccessful because of deccsnpositt on of tba 
prcäu-itw    Tho work was abandoned es  lacking profuse. 

AR•    2-Hydroxy-3-tert~9mylbenzaldehydo 

3>l.ydro;».y-,3»-t'>rt-..mylhcnzaldehyde was  nreparod by mean; 
of tho l»uf f rcao .ion on 2-t- rt-amylphenol.    A yield  of ?t 
C.  cf the aldthyle wes  obtained from three Duff reactions 
using SC g«  of tlie  phenol in eich.    The  product «so purified 
by vacuum distill* t-ion,  b.p.:  104°/4 mm.    The SeMffvi b*M 
of this aldehyde with ethyl, nediamine mo prepared and ic- 
crjstellized f rom rlcohol, ia.p.:   ]09»5*.    TiiC compound di- 
(2-hydrory-3-tert-nmylbenzal)ethylenediimine cobalt was 
pr*£4re6 but was    found inactive  toward oxygen after drying 
at 100° or upon boating in a vacuum it temp-.-ratures up to 
170°. 

AS i    2-Fyd roxy-3-üE thyl-5-tert-:inylbenzPldehy6e 

TMs aldehyde w?>s  obt-lned by the Duff rerction o;i ?- 
methyl-4- tert-nmylphonol end a yield o^ 4 5 .?. wsi obtained 
fror, four Turf reactions usinp 50 p.  of phenol in o^rn.    5Hs 
proouco w"S further purified by vacuum free*,-, on?-1ion, b.,r»„f 
10P-110"/J  *am«    The aldehyde formed o Schiff»3 b»;sc witSi 
ethyl sn diaminc.    On re crystallization from absolute BlorhoV 
the produot nelted rt 90°.    The eobalt compound <vas era« red 
but wa?» not  active tcevurd oxygen rfter the   usual BOtivatir". 
trertmonts *:t  temncrrtures up to  170° in a vacuum. 
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AT.    Mixture of Aldehydes from 3-l!ethyl~ 
4-tert-but ylphenol 

From th9 Duff reaction on 300 g,  of  5<Btl9l»-4-*£f£i-« 
butylutanol 50 R. of product was obtained,    Tt B*6fffl  'v*.. bw . 
than tv,o e-hydrory aldehydes would be obtained fror fehlt 
phenol.    No at tempt was made to separate these aldchydes. 
but the  product was used as sucn in the preparation of a 
Schiff*s base with ethylenedjamine and a  cobalt derivative rf 
the base,    ^he  Schiffs base was recr/stallized from alcohol. 
m«p.:  165''■    The cobalt compound was prepared and heated in 
a vacuum at temDeratures from 100 to 180#.    The   compound did 
not function as an oxygen carrier» 

AU.    2-Fydroxy-3-chloro-5-tert-butylbenzaldehyde 

A 30 per cent yield of 2-hyd roxv-3-chloro-5-tert- 
butylbenzaldehyde was  obtained by the Huff reaction on 2- 
chloro-4-tert-butylphenol.    The aldehyde was  a llffht 
crystalline Material which crystallized readily from dilute 
alcohol, m.p.:  72#,    A Dhenylrydrazone derivative was nro- 
pared and recrystallizcd ^rom alcohol, m.p.:  146°.    The 
Schifffs base with ethylenedlamina was prepared by conden- 
sation in alcohol solution.    The molting point of the re- 
crystallized  product was 115*.    A cobalt compound '.«as pre- 
pared and found  not to carry oxygon wren subjected to the 
usual tests.    Thu f act that this compound did not function 
as an oxygen carrier was disappointing inasmuch as the 
similar compound, di-(2-hydroxy-3-chlorobenzal)ethylene- 
diimine  cobalt previously prepared by Curtis,  Report IB, 
Part I", Section B§ page 7f had been found to carry oxygen. 
The explanation undoubtedly lies in the steric effect of 
of  the tart-butyl croup.    It has been shown in other sec- 
tions of the  present report and  in previous reports,  that 
aldehydes with more than one elkyl group or with groups 
larger than othyl do not yield cobalt derivatives which are 
active toward oxygen« 
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AV.     2-Hydroxy-3-bromO'-5-tert-b utylbenzaldeh yd e 

Tli3s aldehyde was obtained  in 2 4 per cent yield by the 
Duff reoction on 2~bromo-4-tert-butylphenol.    Al &]do%de 
was reoyrstallized ^rom dilute alcchol, m.p.:     96*,     The 
phenyihydrazone and oxime derivatives were  orepa^oc.    A 
molting point of the piicnylhydrazonc derivative was  143-144°, 
and that of the oxime derivative 169°•    £ai ns ani ^oth-^oi: 
(An., 16, 644) have reported the n«ltinfTpoTnt o? this ciFc- 
hyde to be 87° and of its oxime derivative x64°.    The  Schiff U 
base of this  aldehyde was prepared by condensation in alco- 
hol solution, m.D.:  120°.    The compound, di-(2-hydroxy-3~ 
bromo-5-t9rt-butylbenzal)ethylenediimine cobalt was preoared 
and subjected to the usual tc3tst but was found to be in- 
active as an oxygen carrier»    This was as expected inasmuch 
as th«  corresponding chloro compound, di-(2-hvdroxy-3-chloro- 
5-tert-butvlbenznl)ethylenediimlne cobalt. Section Au above, 
was Pound to be inactive. 

Iff«    2-Hydroxy-3-iiso-propyl-5-chloro-6-methylbenzaldehyde 

This aldehyde was prepared 
chlorothymol, A yield of 12 g. 
phenol w&s obtained. The eldeh 
alcohol, m.p.: 49°• The oxime 
150-151°. The Schiffes base of 
diamina was prepared by condons 
Tilting ooint of the recrystall 
The cobalt derivative was pronr 
tests but was found not to be a 

by the Duff reaction on p_- 
of product from loO g. of tho 

yde was reerystallized from 
derivative was prepared, m.p.: 
this aldehyde and ethylene- 

ation in alcohol solution. 
iZ9d «Schiffes bes? was 171°. 
red and subjected' to tho-usual 
ctive as an oxypen carrier. 

AX.    Mixture of Aldehydes from 2-tfydroxy-4- 
tert-butylDhenol 

The Duff reaction was run on p-tert-butyl catechol 
(2-hydroxy-4-tert-butylphenol).    A yield of 31 g.  of crude 
aldehyde was obtained from 100 g. of the phenol.    The material 
was recrystallized from alcohol, m.p.:    85°.    It is 
possible that this product was  composed to two hydroxy 
aldehydes,  i.e., 2,3-dihydroxy-5-tert-butylbenzaldehyde 
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and 2.3-dlhydroxy-6-tert-butylbenzaldehyde.    *To attempt 
was made to separate the possible  Is oners but a phenyl- 
hydrazone derivative of  the recrystallized  product was 
prepared,  m.p.:   160-161°.    '»'his  material  readily condensed 
with ethylenediamine in alcohol solution to give o yellow 
Schiffs base,    '''he  condensation product was recrvstallized 
from alcohol, m.p.:  226°.    The cobalt derivative of the 
Schiffs base was prepared and subjected to the  usual tests« 
It was found to be inactive toward oxygen.    The  presence of 
two hydroxyl groups in the molecule made the cobalt compound 
more sensitive to oxidation since it was found that exposure 
of the hot cobalt compound  (175e)  to air caused it to ignito 
spontaneously and burn« 

AY.    2-Hydroxy-3-nit roace tophe none 

As reported on p.   5 ,  the cobalt derivative of 
o-hydroxyacetophenone and ethylenediamine is active but 
absorbs oxygen slowly.    Inasmuch as the introduction of a 
nitro group into the 3-position of salicylaldehyde gave 
a cobalt compound of greatly accelerated rate of oxypen- 
ation,  it appeared likely that the 3-nitro derivative of o- 
hydroxyacetophenone might also yield a fast cobalt conroound« 

2-Kydroxy-3-nltroacetoDhenone was nrscared by the 
direct nitration of o-hydroxyecetonnenone  in rloclal acetic 
acid with concentrated nitric acid.    The yield was excep- 
tionally poor and various modifications of the oririnal pro- 
cedure were made in an effort to increase the yield«    Follow- 
ing the nitration nroper,  the diluted reaction mixture was 
steam distilled to separate the nitrated Dhenone.    Tt was 
thought the oxidation by the dilute nitric acid was respon- 
sible for the decreased yield and in one modification the 
acids were completely neutralized, the separated material 
extracted with ether and then steam distilled;  the yield was 
no better« 

The 2-hydroxy-3-nitroace tophe none was obtained as white 
needles having a barely percoptible tinge of yellow; m.p«'. 
97-98°  (reported 98«5~t*.5°).    The   Schiffs base of 2- 
hydroxy-3-nitroacetophenone was formed by refluxing it in 
alcohol with an equivalent amount of ethylenediamine.    A 
quantitative yield of a yellow base was obtained; m.p.: 
above 215°«    Because of the insolubility of the Schiffs 
base in alcohol and water it was necessary to form the 
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cobalt  derivative by triturating the base with a  solution 
of the  nscepsary amount  of cobalt acetate and warminr  the 
suspension for some time,    A dark red,  insoluble Dit«rial was 
obtained which was apparently the compound desired.    It did 
not earr?  oxygen after drying at  100* or at higher temper- 
atures» 

AZ.    2-Hydroxy-3-me thoxyacotophonone 

Since  the  cobalt drrivative of  2-hydroxy-3-methoxy- 
benzaldehyde  and othylenediar.ino  nossessed  a much higher rote 
of oxygenation than the  corresponding selicylaldehyde  eomno"rj4 
(parent conoound),  it appeared  nosslhl* that the  cobalt de- 
rivative of £-hydroxv-3-m^thoxyacptoohenone would hav« a 
higher rate than that from 2-hydroxyacetoDhenone which 
has been shown to  be active but slow. 

The following  synthesis  of 2-hydroxy-3-metboxyaceto- 
phenone war,  proposed: 

CH. CH CF- 

Cc-> Or, -OF Cx 
I 

•OH 

OCH a 0C!!3 

L   J*r. - CH, L     J-C-Cl 

OCH, 

8 
X^^-CFg-C*0 

I 
OCH 

v0CPH CX: 
£n5 OCF. 
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The first step  in this process,   the conversion of 2- 
hydroxy-3-methoxy enzaldehyde  to 2-hydroxy-3-methox7benzoic 
acid was  carried out by fusing the aldehyde with  no'cnssium 
hydroxide nt 210° for 10 minutes.    mhe Draper condicicrs were 
found after several tries and a final yield of ever CO  per 
cent was  obtained.    2-Hydroxy-3-methoxybenzoic ücii is a >hite 
crystalline material melting at  149-149°. 

2-Hydroxy-3-methoxybenzoic acid was converted 
to 2.3-dimethoxybenzoic acid by methylation with dim*thyl- 
sulfate in sodium hydroxide solution.    On acidification., 
the dimethoxybenzoid acid was  obtained as white orystalö, 
melting at  121-122°. 

2-Hydroxy-3-methoxybonzoic ecid was converted  to its 
methyl ester by treatment with absolute methyl alcohol an«! 
dry hydrogen chloride.    After the usual steps of dilution, 
extraction end washing,   careful  fractionation vielded material 
boiling 124-125°/2 mm. 

Work on the next  step of  this synthesis was underway 
when the work on  this  contract ended. 

BA«    Mixtures  of Aldehydes from 3- 
Me thyl-4-chlorophonol 

The Duff reaction was run on a 100 <?.  sample of 3- 
methyl-4-chloronhenol;  a  yield of 36 g.   of  crude product 
was obtained,    ^he product which was a solid was recry- 
stallized **rom 50 per cent alcohol, m.o.:  99°.    "^e phenyl- 
hydrazone and oxime  derivatives were  nrenared,  melting at 
205a  and 131-132» respectively,    ^he  Schiffs ball of this 
aldehyde with ethylenediamine was prepared and recrvstalliz- 
ed from alcohol,  m.p.:  221*.    The cobalt  compound was pre- 
pared by dissolving the  Schiffs base in alcohol and add- 
ing an aqueous solution of cobalt acetate  so that the **inal 
alcohol concentration was 40 per cent.    The compound was 
subjected to the usual tests and found to be inactive. 
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BD.    2-Hydroxy-3,5-dinitrobenzaldohyde 

An attempt was made to propere 2-hydroxy-3 5-Alaitte • 
benzaidehyde by the Duff reaction on &y4-dinlt?önheno7, 
The product obtained on working up the reaction mixt.-jre la 
the usual raannor was  shown not to be the desired aldehyde 
but merely some of tho original phenol.    Tt was concluded 
that the Duff reaction does  not  proceed normally on a rh^rm* 
having two nitro prouDS.    ^his nhenol  is sufficiently acid:c 
to form salts with ethylonediamine and phenylhydrazine.    vo 
further attempt was made to prepare this aldehyde by other 
moans* 

BC.    TMosalicylaldchyde 

An attempt was mado  to prepare thiosalicylaldehyde by 
the Duff reaction on thiophoncl.    A crystalline nroduct was 
obtained in very small yield.    Upon recrystallization from 
dilute alcohol  pure white crystals wero obtained, m.p.:  60°. 
The  product, however, did not react with othylenodiam^ne or 
with phenylhydrazine.    The desired aldehyde had not been ob- 
tained and no further efforts to nrepare it by this reaction 
were made« 

BD«    2-Hydroxy-3-aldehydopyridine 

Several attempts were made to prepare 2-hydroxy-3~ 
aldehydopyridine by the application of the Duff reaction to 
2-hydroyypyridino,    The  procedure was modified in a number 
of respects but nono of the  Droducts isolated reacted with 
othylenediamine or phenylhydrazine  and it was concluded that 
no aldehyde had b^en obtained.    Other methods of synthesiz- 
ing 2-hydroxy-3-aldchydopyridine wore dovised and the syn- 
thesis by one of the nroposed methods tu under way when tho 
work on this rro.l^ct terminated. 
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BE«    2-Hydroxy-3-methyl-4,6-dinitrobenzaldehyde 

An attempt was made  to prepare 2~hy<1roxy-3-metJi7i« 
4,6-dinitrobenzaldehyde by the Duff reaction on 3,5'•■■"■» r.itro- 
o-cresol.    As In the case of the Duff reaction or 8.4-dl« 
rTitrophenol reported in Section BB above,  no aldchyit» w^? 
obtained.    Only a small amount of the original phenol wa3 
recovered from the reaction« 

HPi    2~Hydroxy-4-methylacetophenone 

About 100 G» of 2-hydroxy-4-methylacetoDnenone was 
prepared by the Tries reaction on m-cresol acetate,    ^he m- 
cresol acetate wos prepared from m-cresol and placial aceTio 
acid usinf acetyl chloride as the""esterifyinp; apent.    ^he 
details of this preparation may be found in Report LTVII, 
Section III. Subsection C.    The 2-hyaroxv-4~methylacetODhen- 
one obtained was condensed with ethvlenediamlne and the 
condensation nroduct recrystallized from n-propyl alcohol, 
m.p.:  223°.    The cobalt compound was prepared by adding an 
aqueous solution of cobalt acetate to a hot solution of the 
condensation product in n»»propyl alcohol.    A brown compound 
was obtained which was subjected to the usual tests and 
found to be  inactive toward oxygen. 

BG.    2-Hydroxy-5-methylacetophenone 

2-Hydroxy-5-methylacotophencne was prepared by the 
Fries reaction on para-c^syl acetate.    The details of this 
preparation are described  in Report LXV7X,  Section TTI,  Sub. 
section ^.    The   acetophenone was obtained in a 73 per cent 
yield and had a crystallization point of 45°.    ^he  conden- 
sation product of this acetophonone and ethylonediamine wns 
prepared.    The reaction was carried out in alcohol solution 
and found  to be slow as compared with the formation of 
Schifft bases with o-hydroxy aldehydes,    A small amount 
of the condensation nroduct was recrystallized from 95 per 
cent alcohol, m.p.:  198*.    The compound di-(2-hydroxy-5- 
methylacotophenojethylenediimine cobalt was prepared by 
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dissolving the condensation product  In alcohol and adding 
to it a hot aqueous solution of  cobalt acetate»    The coba>b 
compound which was red in color formed immediately.    The 
compound was dried in a vacuum at 100°•    Upon heating this 
compound  in a vacuum at temperatures of  130° and 175*'  o/i-.j- 
a very small aditional loss in weight was observed.    Hpon 
exposure to oxyren at 200 p.s.i.g.  the sample  geined 1 VJT 
cent  in weight.    This pain in weight was observed imon ex- 
posure to 200 p.s.i-»«.  oxygen following activation in a 
vacuum at 100°,  130* and 175"•    There was no chance in coic c 
upon oxygenation as usually observed with other oxypen-cerr:. 
compounds.    The compound did not appear to be appreciably 
hygroscopic since the weight remained  constant unon stand- 
ing in the balance case exposed  to the atmoSDhere.    Tn view 
of the above results  further studies  on this comnound will 
be necessary to more fully ascertain its properties as an 
oxygon-carrying compound. 

BH•    2-Hyd roxy-3,5-d ibrombenzaldehyde 

From the Duff reaction on 100 g. of 2,4-dibromoph^nol 
there wa3 obtained 7.5 g.  of 2-hydroxy-3,5-dibronobenzal- 
dehyde.    Tho aldehyde wai recrystalllzed from dilute alcohol. 
m.p.:   77*.    T^e  phenylhydrazone derivative of this aldehyde 
was prepared and recrystnllizod from alcohol,  m.p.:  144-142°. 
The aldehyde was condensed with ethylencdlamina in absolute 
alcohol, readily forming a vory insoluble Schifffs base« 
A portion of the Schifft base was recrystalllzed from 
n-propyl alcohol,  m.p.:  247°.    The compound di-(2-hyd roxy-3,5« 
dibromobonzal)ethylenediimine cobalt was  prepared by dis- 
solving the Sen iff« s base  in n.-propyl alcohol and adding a 
hot aoueous solution of cobalt" acetate.    A dark brown com- 
pound was  formod which was  dried at  100°  in a vacuum and sub- 
jected  to the usual tests for oxygen capacity.    The compound 
was net activo towards oxygen. 

BI.    2-lTydroxypronionhenone 

2-Fy»'roxypropiophenonc was prepared by the Tries reaction 
on ohenyl pronionato.    The  phenyl propionate was prepared 
from nhenol and proptonic acid using thionyl chloride as the 
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esterifying agent.    The Fries reaction on the ester was 
carried  out b" the  procedure described in organic Synthesis. 
Vol. TUT,  p.  91«    Tbe condensation product of 2-hydroxy ~" 
propiophrnone and  ithylonediamine was prepared end re- 
crystail!zed from alcohol, m.n.:  118-118..50.    Several attempts 
were made using various methods to prepare the cobalt de- 
rivative but a solid  cobalt compound could not be  prepared« 

BJ.    2-Hydroxy-3-carboxybenzaldehyd3 

2-Rydroxy-3-carboxygenzaldehyde was 
first prepared by Reimer and Tiemann by 
the application of the Reimer-Tiemann re- 
action to salicylic acid.    The synthesis 
of this compound was carried out in this 
laboratory with two purposes in mind. 
First the  2-hyöroxy-3-carboxybenzaldehyda 
itself should form a Schifffs base with 
ethylenediamine and this in  turn a cobalt compound of in- 
terest as  a possible oxygen carrier.    Second,  it was pro- 
posed to apply the Reimer-Tiemann reaction to 2-hydroxy- 
phenylpropionic acid to obtain 2-hydroxy-3-aldohydo-phenyl- 
propionic acid (Section XTO^ below)  and it eppeared desirable 
to obtain experience with the application of this reaction 
to a similar,  known rroduct.    ^o aldehydes are produced by 
the Reimer-Tionann reaction on salicylic acid.    The involved 
procedure used by Reimer and ^iemann for the separation of 
those aldehydes was considerably simplified in this work by 
the direct  prexultation of  tho copner salt of  the desired 
ortho- aldehyde from which the aldehyde was subseauently 
recovered by treatment with acir*.    ^he yield was v.->ry poor. 

Several atempts were made to convert salicylic  acid to 
2-hydrcxv-3-carhoxybpnzaldchyda by the Duff reaction but the 
results wore uniformly unsuccessful. 

A yellow insoluble material was  formed on mixing 3- 
carboxysalicylaldnhydn with ethylenediamine  in alcohol.    This 
material did not melt at temperatures up to 250*.    It is 
assumed that this material was the desired Schirf »s bi.so 
but the possibility is not excluded that it was simply the 
ethylenediamine salt of 2-hydroxy-3-earboxybenzaldehyde.    On 
treatment with a  cobalt salt under the usual condition **or tho 
formation of a cobalt derivative  of a  Schiff's besa,  slimy, 
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partially soluble products wore obtained«    'f'he addition of 
one and of two equivalents of alkali before the addition of 
the cobalt wos  of no assistance  in making this reaction  pro« 
ceed  in a more satisfactory manner,    when finally isolated 
the material did not carry oxygen. 

VTIg«  Compounds  of Structure Different from 
tho Parent Compound 

F»    Ethylene-bis-thioglycollic Acid 

A small samnle of ethylene-bis-thioglycollic acidf 
?00C«CH2-S-CHß-CH8-S--CHg-C00Hf was received from V* A. 

ozlor of the du Pont Company.    It vr a expected thot 
this material would  form a  cobalt derivative correspond- 
ing to the formula 

H8      K8 
C   -   C 

H8C — S 
\ 

0-C — 0 / 

>Co 

S — CH8 

0 — C«0 

which,  having a superficial resemlence to the parent oxygen- 
carrying eomnound,  might carry oxyren.    T'he cobalt salt of 
this material was readily p^enared by the  interaction of 
tho or^-inic material with an acmcous solution of cobalt 
acetate.    It was  obtained as a violet colored material of 
definitely crystalline character.    Unfortunately, this 
material showed no oxyp^n-carrying activity after drying 
at various temperatures from 100*  to  170°• 

G.    Disalicylothylencdiimine 

It appeared  of  interest to determine if the compound 
obtained by hydrorenating the double bond linkages between 
the cerbon and  nitrogen atoms of  the parent compound would 
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carry oxygen.    A direct synthesis of the organic portion of 
the desired compound appeared possihle by the condensation 
of salicyl alcohol with ethylenediamine: 

Han -rH2 

CH80H CH8 - C^ 

H8N mz 

l«c -<r 
/    \ 

HO 

\_7 
It was found that salicyl alcohol and ethylenediamine 

did not react until heated to 150*; reaction then occurred 
with the formation of an amber-colored resin,    itie resin 
was soluble in alkali, gave an orange color with ferric 
chloride but did not yield a cobalt derivative. 

This approach to the problem of eliminating the double 
bond linkage of the  parent compound appeared to lack promise 
and was abandoned. 

\       Xm'  Testing Apparatus 

C.    Apparatus for the Determination 
of the ^ate of Oxy/renation 

(7)    Variation of Rate of Oxygenation 
with Number of Cycles 

It had been observed  in this laboratory on a number of 
occasions that the rate of oxygenation of the type of oxygon 
carrying compounds under study varies with the pretreatment 
accorded the material«    In an effort to secure more nositive 
information on this point, it was discovered that the rate 
of oxygenation changed markedly during the first few cycles 
of oxygenation and deoxygenatlon. 

A sample of di~(2-hydroxy-3-ethoxybenzal)ethylenediimine 
cobalt (Co-Ox BT) was prepared from purified 2-hydroxy-3- 
ethixybepzoldohyde and nickel and  iron free  cobalt, the 
synthesis being carried out under the most ideal  conditions. 
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A sample was activated at 100° in a vacuum and its rate of 
oxygenution determined  in the  simple manometric apparatus 
(Third Progress Report, p.  46).    The results are reported 
Graphically in the accompanying figure,    *he time required 
to obtain 80 per cent saturation was 10 minutes on the 
first cycle,  6,5 minutes on the second cycle, 4.5 minutes 
on the third cycle and the seme on following cycles.    It 
appears, therefore,  that oxygen-carrying materials should ba 
put through at least three cycles prior to the determinativ 
of their rate of oxygenation« 

XIII.    Soluble Oxygen-Carrying Compounds. 
Operation of the Pxygenation-Deoxvgenation 
Cycle in Solution,    delation of Disalicylal. 
ethylenediimine Cobalt to Feme. 

The studies on the preparation of oxyrren using disal- 
icylalethylenediimine cobalt reversibly have in the past 
been devoted  principally to the operation of the process as 
a gas-solid reaction.    From fin engineering standpoint this 
is a particularly difficult problem.    It would be far 
simpler if the   process could be made to operate in solution, 
part of the very early work of Chao and Diehl was devoted 

prepare an oxygen-carrying compound which 
in a petroleum solvent having a low vapor 
early investigations did not moet with success 
Chao and Pie hi), Further work along this 
out by Liggett using pyridine and chloro- 

It was found that a pyridi ne solution of 

to an attempt to 
would be soluble 
pressure, ^hese 
( see reports of 
line was carried 
form as solvents. 
the compound carried  oxygen reversibly far one cycle only, 
after which the solution was inactive.    The chloroform solu- 
tion did not carry oxygen even for one cycle.    T^is work is 
describod  in our First Progress Report,  p. 21 and in more 
detail  in Report X. 

Disalicylalethylenediinine cobalt resembles hemoglobin, 
or more particularly the hene portion of : hemoglobin,  in a 
number of respects.    Beth heme and disalicylal ethylene- 
diimine cobalt are quadridontate chelate ring compounds, 
although in the former the  organic molecule completely 
surrounds the metal atom (iron)   forminp a closed system of 
four rings, while  in the latter compound, although there are 
the same number of bonds attaching the ratal atom to the 
organic molecule,  only three rin^s are present.    T?oth ore 
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probably flat molecules, that is the metal and the organic 
portion of the molecule all lie in the sane plane, although 
the present evidneee for this  in the ca3e of disailcvial - 
ethylmediimine  cobalt is not conclusive.    Both carry exvgen 
revarsibly although in different amounts, hemoglobin carry- 
ing one molecule of oxygen per iron atom, dlsalicylalethylel- 
ethylenediimine carrying one half a molecule of oxygen per 
cobalt atom.    Heme, detached from the glohin of hemoglobin, 
la inactive toward oxygen.    When dissolved in solutions of 
pyridine or other nitrogenous materials it becomes able to 
carry oxygen.    This naturally leads to speculation as to the 
behavior of disalicylalethylenediimine cobalt under such 
conditions.    Perhaps by supplying a globin or similar nitro- 
genous substanoe, disalicylalethylenediimine cobalt can be 
made to function in solution like hemeoglobin.    The experi- 
ments  of Liggett mentioned above were not a good test of this 
since the solid  cyridine addition compound of disalicylalethyl« 
enediimine cobalt is known to be inactive toward oxygen; 
on the other hand a dilute solution of pyridine and the 
cobalt comnound might behave entirely differently.    It is 
known that nemo when dissolved in solutions of nitrogenous 
materials only functions as an oxygen carrier when the pH 
of the solution has  a definite value,  usually about 7. 
It would appear that this  factor also must be carefully 
considered  in efforts to find a means of operating the 
oxygen producing cycle  of disalicylalethylenediimine  cobalt 
in solution.    The literature on the subject of the oxygen- 
carrying oroperty of hemoglobin 5s, of course, very exten- 
sive; much of it is, however, devoted to the biological 
aspects of the problem and is not pertinent to our problem. 
Little is known of the nature of the llnkape of  heme  to 
globin.   TTndoubtf;dly the principal attachment is through 
secondary valence linkages between the iron atom and the 
nitrogen atoms of the protein globin;  the nrooionic acid and 
vinyl sido chains of heme,  however, might rlso *>Q involved. 
It would  appear worthy to introduce these side chains into 
the disalicylalethylenediimine cobalt molecule and to deter- 
mine their effect en the solubility and stability of their 
solutions in solutions of nitrogen containing materials. 

Following up these lines of thought suggested above, 
the solubility of disalicylalethylenediimine cobalt in var- 
ious nitrogenous materials was determined,    ^able T summar- 
izes these  solubility studios.    These studies were mado by 
adding an excess  of disalicylalethylenodiimine cobalt to 
the solvent to bo tested and stirring the mixture vigorous- 
ly with a mechanically driven stirrer for  sixty minutes. 
The excess  cobalt compound v;as then removed by filtration 
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and a measured volume of the solution taken for analysis. 
The analysis was made by decomposing the organic material 
using nitric, sulfuric and perchloric acid mixture, the 
final enalysis for cobalt being rade colormetrically. 

A series of solubility determinations was mad« ueir? 
concentrations of pyridine varying from 0*005 molar up to 
and including pure  Dyridine  (1 - VI in Table I).    The 
solubility was found to bo a function of the pyridine con- 
centration, the compound being soluble to the extent of 
4;i per cent in pure pyridine«    The solubility in 50 per 
cent pyridine was of such an order that assuming the cobalt 
comoound to be active the solution would  carry a far greater 
percentage of oxygon than blood.    The solubility of the com- 
pound in  pure water was found to be very low and is included 
in the Table {Z) for purposes of comparison« 

Tr.o solubility of the compound in 50 per cent pyridine 
solutions of various pH values was determined  (Table X« Xfc- 
XV).    T*%t pyridine solutions were buffered to the desired 
£P values by the addition of hydrogen chloride and water. 
All solutions contein a total of 50 ner cent pj'ridine in 
the form of free pyridine and pyridine hydrochloride.    The 
solubility of the compound in these various solutions was 
approximately the same except with pH values of 2 or below 
in which the notarial was decomposed because of the high# 

acidity. 

The solubility was also determined in aeueous solutions 
containing egg albumen and glycine,   (VII - TZ)•    T*csc 
nat -rials oxerter negligible solvent power. 

From tna above solubility studies no decisive conclu- 
sions may be drawn.    It was only hoped that some insight in- 
to the problem might be  obtained wMch would indicate the 
lift*8 along which further research should follow. 

Inasmuch as hemoglobin contains  iron as the metal In 
this notal-organic molecule an analogi^with this cobalt 
compound may not be justifiable in every case,    "^or  pur- 
poses of romnnrison the solubility of disalicylalethyleno- 
diimine iron in various nitrogen containing solvents has 
also been determined.    These results are summarized  in 
Table II.    These  solubility studies were carried  out in 
the me.nncr described above for the cobalt  compound.    The 
iron was determined following decomposition of the organic 
material with nitric  perchloric-sulfuric acid mixture by 
reduction with aluminum wire followed by titration with 
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potassium permanganate«    In general it was found that the 
iron compound was somewhat less soluble than the cobalt 
compound■ 

The  next step in this study consisted in the cyclic 
operation of these solutions at different pH.    TMa study 
was under way when the work on the contract et Iowa State 
College ended. 
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'!'ABLE I. 

Solubilit y s•adlea on D1sal1cylal ethylenediim1ne Ccbalt ln Varloua Solvents 

ltnitial Pinal Co'tJa1t 
D1aa.l1cyra-r��!ln.ene-

411ndne C obal. t 
:rro. Nat\ll'e ot Solvent 11' R.H s./1oo ml� gru/10C' ml. 

I Pure Pyridine . - - 0.74 4.1 

II PYridine, 1 lfolar, buttered. 7.1 '·' 0.072 0,39 
III pyridine, 0,1 Uo1ar, unbuffered. e.e 10,7 0.0475 0.2& 

IV PJridlne, 0.02 �·olar, unbuffered. 7.8 - 0.021 0.12 
v Pyridine, 0.01 l'olar, unbuffered. 7.& - 0,028 0,15 

VI P)T!41ne, o.oos �olar, unbuttered It '1.& - 0.012 0.067 

VII pyridine, 0.1 Uo1ar. � albumen 
added. 7,5 9.5 0 . 034 0.19 

'VIYI Solation of � albumen in water. e.s - 0.011 0.0&2 
IX Ol:J01ne, 1 per cent buttered • e.g &.9 o.nl9 0.10 

X Pure water. &.'1 7.7 o.�o3s 0.019 
n �!dine 50 per cent, buttered. 2.0 - nee �P08e4 

XII Pyridine 50 per cent, buttered. 

I 
4.0 •• 5 1.04 s.e 

XIII Pyridine � per cent, buttered. 5.9 e.o . 0.82 "·' 

XIV P)'ridine � per cent, buffered. j 7.2 10.0 I 0.82 4.'1 
rv Pyridi De :50 per cent, unbuttered., 9.& 113.0 0.82 "·" 
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IV 
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VI 
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TABI.l'! II 
Solubility of nisalicylalethyleneditmine Iron in Various 9olventa 

- . 
Initial JPinal Iron 

D1sa11cylal ethyl.-
ened11mine Iron 

Nature ot Solvent R.H fit �./loo a1. sraas/loo 111. --
PJr1d1ne 50 per cent, buttered. 2 • .S 2.85 o.oee 0.5192 

P;nidi ne 50 per cent, buttered. 5.7 • 5.S 0.485 2.8& 

PJr ldlne 50 per cent, buttered. 
I 

0.210 &.5 • &.o 1.23 

PJr1cUne 50 per c ent, buttered. &.9 &.95 o.oes 0.489 

Pure water. - - . 0.0044 0.025 
I 

S+@htly aata• Ethylenediamine, pure .  -- I 
le -

E�bylenedlamlne, 10 per ceat t t 
in water. - stl@'h tlJ" a ola• le -

Clyctne, 10 per cen� 1n ,.ater. &.2 5.v 0.074 o.« 

Olycine, 25 per cent in "'ater. 5.2 t 5.7 0.09& 0.5&& 
I 

Q.GinollDe. � I S1 1,;htl.7 aolp.• le 

• 
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SCMfflK? OF RISPORTS OTT OXVOET FRO^Ufl' 

Report Report to 
_No-     NPRO ggj JZ 

Period Covered 
by Report  

r»ste of 
Report 

Chao 1 Chao and Mehl 10-20-38 
Cobalt,   iron ard -.anpanese derivatives of di- 
salicvlalethylene*1imine; fl isalic^lal^enzldine 
cobalt;   test for orypenation capacity;   lumin- 
escence test. 

Chao 2 Chao and Diehl 11-20-2« 
Cobalt,   iron,  cooper, end  chroiMum derivatives 
of ^isalic^^iethyler^iiirlne; cobalt,   iron, 
and T-anren^Ke  i£**ivatives of d isalicvlalrhenvl- 
enediir.iire;   ccbait,  iron and tnanrunes« deriva- 
tives of diaallcylalbensldine. 

Chao 3 Chao ar.d Diehl 12-20-38 
Tin derivatives of di salicyl*lethvienedi*Tnine 
and di«u.]icylclo*enylenediimine;  lead  disalicv- 
lalethylene-M irciie;  effect of nitroren on di- 
salicvial9tuylenerti3»nine  cobalt;  s^liev] planne 
cobalt. 

Chao Chao ar.d ^eM 3-3-39 
4-5    Reduction of nitronlkan»s;  purification cr sal- 

icyl9l^erydo;  Schiff»s »asss  of 9nl1c"lal*enw,e 
and various aivviar.ines;  cobalt ^orivat^ves of 
the latter;   Te^o^ution c* i*Falicvl«l 9*"*"^le*>e- 
dii-Tiine  cobalt  of birr  canaolty. 

Chao chao and TJ^M 4-2^-39 
6-7    Continuation cf "'ork on derivatives of »ncnanires 

with solicylaldebvde ard  erroonla;  methvls^ine, 
ethylanine,  n.-P'v^vla.nii m ,  1 so-oropvl9ri5ne , n- 
butylamine, F-a^ylfiriw ,  an* line. 

I Fach  and Diehl 10-1-40 2-17-41 
to 

2-15-41 
Constitution of diselifvlalPtrylerediimini? cobalt; 
analysis and molecular weip-rt ot fl iaalloylaleth y- 
lenediirin") cor?lt;   the effort o* lipht on the 
material;  the ef^eot of pressure on oxyre^ution; 
apparatus for producing ox'^on;   -jrerTrfttlon;  c"i- 



Report Report to 
Number TTDT1C No. 

- 85 - 

By Period Hovered 
by Renort 

r»ate of 
Report 

II 

(3-nitrosalicylal)ethylenediimine  cobalt;  di-(5- 
nitrosalicvleljethylenediirine  cobalt;  cobalt 
derivatives  of salicylaldehvde and diethylene- 
triamine,  trlethvleretetremine, tetraethylene- 
pentamine,  and  bydroTvetryle^hylenediamine; 
mechanism of the orypenation TOC^SS, 

Hach and Mehl        2-15-41 
to 

3-15-41 
Effect of lipht of various wave lenpths on 
disclicvlalethylenediimine cobalt;  temcerature 
of deoxvrerntion;  studv of synthesis and  olive, 
red, and black by-products;  other methods  of 
preparation;   presence  of water in the com- 
pound;  the valence  of  cobalt  in the compound; 
the rate  of orypenation. 

TTI T)iehl, TTach 
Harrison 

and       3-15-41 
to 

B-25-41 
d isalicylalethy- cf The rate cf oxypenaticn 

lenedii:.i5ne  cobalt at different temper e tu res 
and  pressures;  construction of annaratus; 
continuous,  circulatinp-solid  apparatus,  V.tch 
operation without  3tirrinp  (stationary bed) 
with and without reolroolatlon of poses, *atch 
process with stirrlnp usirp  ooddle  a** uslnp 
rotating dru:n;  explosibility;  density;   fur« 
ther not«>s on  nreparation of lerpe bjitch^s; 
the effect of moisture. 

TV Die hi, *TPch and 
Harrison 

3-19-41 

8-27-41 

8-25-41 11-14-41 
to 

11-10-41 
Preparation of  disal1cylfl!et>yleredf imine 
cobalt;  the various methods;  effect of t*e 
rurlty of the selicvlaldeh^p, effect of excess 
of ary one of th3 r^actarts,  effect of t**e order 
and  rate  of  addition of ~eapeuts,  effect  of tem- 
perature,  effect  of alcohol concentration, e^foct 
of volume  of solvent, offset of cooling;  effect of 
composition o^ wash liquid; erfect  of washing; 
eff.ct of ranner of drying; recommended  pro- 
cedures. 
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Heport 5er»ort  to                         *y                Period  Hovered Hate of 
"umber NPRn T~O.                                                     by Penort Perort 

V        1                   Hach, I^rrison        11-10-41 1-8-42 
and Diehl                   to 

* 
1-5-42 

Further studies on  »reparation of  disallcylal- 
• ethylenediimine cobalt;  Harrisor-Fach  retrod; 

direct  mixing method;   analysis of dtsalicylal- 
• ethylenediinine  cobalt;  h\$b temper at «ire  drving; 

dirty brown comround;   brifl«t red inactive com- 
pound;   stereochemicnl considerations: effect of 
washing with alcohol end benzene;  effect of car- 
bon monox5.de,  nitric  oxide, nitrogen dioxide; 
the recovery of 3alieyleldery*e and cobalt. 

VI        2                   ^er.sel^rier end      12-15-41 1-7-42 
P*ehl                            to 

1-2-42 
T5thylenediaH.no,  pynivic acid a^d rodelt. 

TTTT         3                           Diftfel                       1-10-42 2-14-42 
to 

2-14-42 
Honthlv renort. 

VIII         4                   Harrison and             1-5-42 2-23-42 
Dlehl                          to 

1-15-42 
TJisalievlalnrooylenedlimine  cobalt. 

IX        5                   Hach and *Jehl         1-42 2-23-42 
yffect  of "itroren dioxide, nitrons oxide, and 
lUlfur  dioxide  on disalicyl«lethylenediimire, 
disQiicvlalethylenediimlne cobalt, and the 
bright red inactive 'sorer. 

X         6                    Li/-pett   and                12-15-41 2-23-42 
fiehl                              to 

■« 1-20-42 
Preparation of *iFalicylalethyV>nediimine  co- 

. belt *>y pyridine  retrod;   cobalt  end  4ron  deriv- 
atives of dlMlioylalphenylemdllPine; onera- 
tion of  displicy3aleohylenndii'rlr.e c**lt   in 
solution  in pyridine   and  in chloroform. 

XI         7                    Head and Diehi         12-15-41 2-23-42 
to 

1-23-4H 
Trident ate cobalt compounds from gw-hydro rv- 
benznl4mino-o-nhnrol. 



- ZI - 

I P.e Dort 
Number 

Reoort 
NDRC Po 

8 

Monthly 

be 
■ 

rer 

*y Period Covered 
bv Penort 

Date of 
Pen ort 

XII Mehl 

ort. 

2-14-42 
to 

3-14-42 

3-14-42 

XIII 9 Henselreier 
Mehl 

and 1-2-42 
to 

3-9-42 

XTV 

XV 

2-14-42 
Cobalt   ierivatives of  o^nruvic acid ar.d ethvlene- 
dlar.lne,  proDv"lene',ip~l>-el and g_-nhonvlered*anlne. 

10 "ach  and Mehl 2-1R-42 4-14-42 
to 

3.84*48 
Nitration  of  «allerleider vde;   separation of 3- 
ard 5-nitro lsomsrs;  di-(3-nltrosaUcvlal)- 
ethylenediiTtlne cobalt; di-fs-nUrosallcylal)- 
etrylenecMlmlne  oobelt. 

11 Head  nrd Mehl 

Nitration of  sallcylsld:?hydei 
nitric acid concentration. 

4-6-42 
to 

4-9-A2 
variation i n 

4-14-42 

XVI 

TrTI 

12 Liss'stt and Piohl  1-17-42 
to 

3-^5-42 
3-,  4-,  5-,  and  6-nethylselievialdehvdes, 
their condensation with ethylen?die nine end 
cobalt;  di-C2-hvdrory-3-rethoYVven7.al)etpvl- 
enedli"iine covelt;  £-h,nJ'»T»Tv-l-nanrt>al'"er oAt 
and its oondTsott on "/1th etbylenafli c^lne and 
cobalt;  study of ^elffer-^Jerann reaction« 

13 Ken3elreier 
Mehl 

and 2-14-42 
to 

3-3-42 
Dlsailcylalethylene^ilnine coKolt bv Dvr^dlne 
method; diealJcTlalpropvleneAiimine cobalt 
by pyridlne  wethod}  o-h"droxyacetonrenone 
with ethylanedlaijina and cobalt; resaceto- 
pheiione;  di-(2-bvdroxy-3-metf oxybtjr.zal)- 
ethylenadlimine cobnit. 

3-27-42 

4-27-42 
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XVIII 14 Head and Diehl       2-20-42 
to 

3-4-48 
Resolution of propylenediamine and 
disalicylal-1-propylenediicine colbalt. 

XIX 

XX 

15 Head and Diehl 1-31-42 
to 

2-10-42 
Disalicylalethyleneuiimine  iron. 

1- Hurrison and 1-1-42 
Diehl to 

2-24-42 
The JttgnotlQ susceptibility of dipalicylal- 
ethylenedii;.iine  cobalt end related compounds. 

XXI 1? &•&&,  H**ch end 
Diehl 

w-i:0-42 
to 

3-2-42 
Cobalt,   salicylaldehyc'c  and deca.iethylene- 
diaminc,  nonaciethylenoaiauiine,  hexemethylene- 
dicminfc,  tririethyleneditniine,   is.a-propyleniine, 
and 2,3-butylenediaminej   preparation of disc 3- 
icylalethyler.ediir.ine cobalt; density of 
üHallcylalethylenediii.ins   cobalt,   cobaltini- 
trite nethod of purifyin., cobalt. 

XXII 18 Harrison tnd 
Diehl 

2-19-42 
to 

2-20-42 
Cobalt,   iron and t'-anganese derivatives of 
ethylenediamire ana 3-bro:riOsalicylaldehyde. 

XXIII 

XXIV 

19 

Mor.thly report 

20 

Diehl 3-14-42 
to 

4-15-42 

Harrison rnd 
Diehl 

2-2*-42 
to 

3-29-42 
Preparation ox* di3alic:'ieletiiylenediimine 
colaIt  under anhylrous conditions;  tha ^reen 
and orange conpouudSi anci thsir  conversion with 
water to oxygen carriers. 

3-1C-42 

4-14-42 

5-6-42 

4-27-42 

4-15-42 

7-20-4:; 
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XXV 21 Head and Diehl       3-22-42 
to 

3-26-42 
2-Hydroxy-3-methoxy-5-nitrobenzalcehyde and 
its condensation with ethylenediamine end 
cobalt. 

5-1-42 

XXVI 

XXVII 

22 Diehl 

First progress report. 

23 

12-1-41 
to 

4-15-42 

Liggett ana Diehl 3-26-42 
to 

5-13-42 
Di-(0-hyciroxy-3-ir»ethoxyben:.&])   ethyleneciiiiaine 
cobalt*   preperation by Various methods'   vol- 
umetric fieterrdntition of oxyren c&pacity,  rate 
of oxygenation. 

XXVIII 

zxix 

24 

Monthly raport 

25 

Diehl 4-15-42 
to 

5-13-42 

XXX 

Head end Diehl      4-17-42 
to 

5-15-42 
Nitration of salicylaldchydt;  variation of 
excess nitric acid and of anount of acetic 
acid;  reco.iL.ended procedure, 

20 Hach, Head and 
Diehl 

Rate of deterioration of disr.licylalethyl- 
euediii^ine  cobelt end di-(2-hydroxy-3- 
•Ticthoxybenzal)   sthylenediiuinc   cobalt with 
rotating drur. machine. 

XXXI 27 Hach,  Liggett 
and Diehl 

3-15-42 
to 

9-7-42 
Di-(2-hyuroxy-3-nitrobin7.al)   ethyler.ediiL.inu 
cote It cctiv.tion,  ratn  of oxj'^c-.n& t ion at 
various te.puraturet,  pressures and humidities, 
rc.te  of hydrdtion ma oxy enation. 

4-22-42 

5-13-42 

5-13-42 

9-21-42 

9-23-4£ 
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XXXII 28 Kenselmeier and 
Iiiehl 

4-1-42 
to 

5-15-42 
Di-(2-hydroxy-3-methoxybenzal)   ethylenedilnine 
cobalt*   synthesis of 2-hydroxy-5-phenylberizal- 
dehyde by the Duff reaction;   synthesis  of 2- 
hydroxy-3-nitro-5-uethylbenz£ldehyäe. 

7-15-42 

XXXIII 29 Diehl 

Monthly report. 

XXXIV 30 Hach and Diehl 

Circulating soli*  rnpsrrtus. 

XXXV 31 

5-13-42 
to 

6-15-42 

5-20-42 
to 

7-27-42 

XXXVI 

xxxvn 

Schwandt end 
Dtehl 

6-1-42 
to 

7-25-42 
Tetramethylethylenedia.line with cobalt and 
salicylaldehyde, with 2-hy<iroxy-3-iuethoxy- 
benzaldehyde, and vith 2-hydroxy-3-nitroben- 
zaldehyde. 

6-17-42 

7-27-42 

G-5-42 

32 and Harrison 
Diehl 

Differential n&nomctric capacity and rate 
apparatus; aununary of applications. 

33 9-25-42 Frouus end Diehl 6-16-42 
to 

8-31-42 
Preparation of c-etlioxyphenol;  preparation of 
2-hyc;roxy-3-ethoxybui.zalaehyde by the Duff reac- 
tion;  di-(2-hydroxy-3-ethcxybenzcl)  ethylene- 
diiiaine cobalt{  preparation, activc-tion,  rate of 
oxyvenation,  hydration and dehydration;  demethyl- 
atiori of 2-hyiroxy-3-n*et:ioxyben2.aldehyde2 ethyla- 
tion of 2,3-dihydroxybenzaldehyde;  preparet ion 
of o-n-propoxyphenol;  preparation of 2-nydroxy- 
3-n-propoxybenzaldehyde;  üi-(2-hydroxy-3-n-propoxybenzel) 
ethylfcnBdiirr.ine cobrlt. 
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By ^eriod Covered 
.- mm* -   Dy Report 

XXXVIII 34 Li££ett,  Head,       5-13-42 
Diehl,  Calvin to 
and Co-workers       7-24-4« 

Di-(2-hydroxy-3-nethoxybenzal)   ethylenediimine 
cobalt:   additional studies  on methods of prepara- 
tion,   large  scale preparation,  activetion appara- 
tus,  hygroscopicity and effect on capacity, 
analysis,  magnetic susceptibility  (Calvin),  rate 
of oxycenation,   rate  of deterioration  in use, 
equilibrium pressure   [Calvin). 

Date  of 
peporjL. 

7-24-42 

XXXIX 35 

Monthly  report. 

XI 36 

Monthly report. 

Diehl 

Diehl 

XLI 37 Head end Diehl 

6-15-42 
to 

7-22-42 

7-23-42 

7-24-42 
to 

8-15-42 

8-15-42 

4-24-42 9-21-42 
to 

5-20-42 
2-K;druxy-3-broiobenzaldehyde with ethylene- 
dit&ine and cobalt. 

XIII 38 Harrison t-nd 
Diehl 

XLIII 

XIIV 

7-22-42 
to 

8-21-42 
2,3-Dihyaroxybenzaidehyde with ethylenedio :»ine 
and cobalt. 

39 I'Athews and 
Diehl 

Aoetylaceton»?,  toa&oy lace tone,  and uibenzoyl- 
rnetha.ie with ethyler.edit.r.ine end cobalt. 

40 Ki.thews and 5-1-42 
Dienl to 

6-1-42 
Allylanine polynuclef.r compounds. 

9-22-42 

9-14-42 
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XLV 41 Liggett  and 7-11-42 
Diehl to 

6-24-42 
2-Hydroxy-L>-nitro-5-methylbenzaldehyde with 
ethyler.ediamine end cobalt;   fornylcanphor 
with cobalt and ethylenediomine end with o- 
phenylenedienine;  methylenediamine with 
salicylsldehyde and cobalt. 

9-11-42 

XLVI 42 Diehl 4-15-42 
to 

9-1-42 
Second progress report. 

XLVII 43 Heed and Diehl 3-22-48 
to 

3-8-43 
2,4-Dihydroxybenzaldehyde,  2-hydroxy-4-methoxy- 
benzaldehyde,   2,5-dihydroy.ybenzaldehyae,  2- 
hydroxy-5-methoxyrenzaldehyde,  and 2-hydroxy- 
5-ethoxybenzaldehyde;  their condensation with 
ethyler.ediarr.ine and the cobalt derivatives. 

XLVIII 44 Harrison end 
Diehl 

3-Alkoxy compounds. 

II 45 Diehl 

Monthly report. 

L 46 Hach and Diohl 

8-19-42 
to 

11-4-42 

8-15-42 
to 

9-15-42 

5-20-42 
to 

10-31-42 
Report To.   1  to NRL 
Circultttin.?-£:olid apparatus,  heat transfer 
studies,  design of second model. 

II 47 Brouns and Diehl 9-1-42 
to 

12-3 6-42 
Further stuuies  on ethoxy compound,  Co-Ox BT 

9-26-42 

3-11-43 

H-4-42 

9-15-42 

1-15-43 

1-20-43 
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LII 48 Diehl 

Monthly report. 

9-15-42 
to 

10-15-12 

Curtis and Diehl 10-26-42 
to 

10-29-4*. 
Attempts» to activate  inactive coupounds 
by steam treatment. 

LIV 50 Uerrlson and 
Diehl 

10-21-42 
to 

1-15-43 
Preparation t*nd study of eobelt deriva- 
tives Of mixtures of aldehydes. 

LV 51 Heed,  Liggett      10-5-42 
and Diehl to 

11-18-42 
COI.II ere iel prepare tion of 2-hydroxy-3- 
etLoxybisnzaldehyde by Reiüier-Tieiücnn 
reaction. 

LVI 52 

Monthly report. 

Diehl 10-15-42 
to 

11-16-42 

LVII+ 53 Hach,  Curtis 
and Diehl 

11-23-42 
to 

12-8-42 
Application of rapid mixin? apparatus to 
airrlfir.c  unit. 
+    These reports were incorrectly libeled 

LVT-52. 

LVII1 51 Diehl 11-2 6-12 
to 

12-15-42 
Monthly report. 

LIX 55 Iig^ett and Diehl  10-21-42 
tc 

11-14-42 
Study of cobalt conpoundfi derived  from 
mixtures of g-nydroxy-3-iaetlioacybeazaldehyd« 
with ialleylaldehydi und 2-hydroxy-3-ethoxy- 
benaeldehyde. 

10-15-42 

1-26-43 

2-10-43 

12-3-42 

11-16-42 

12-15-42 

12-16-42 

1-15-43 
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LX 56 Ligffett and        11-14-42 
Diehl to 

1-1-43 
Attempted preparation of unsymmetrical 
Schiff|s bases. 

1-15-43 

LXI 57 Harrison, Brouns 10-20-42 
and Diehl      to 

1-20-43 
Rr.tc Apparatus 

LXII 58 3rouns and 
Diehl 

12-13-42 
to 

2-13-43 
Studioe on Co-Ox,  Co-Ox ?:,  Co-Ox FT, 
and the  mixed compounds Co-Ox B*'3,  Co-Ox 
BM10,  Co-Ox B!*30,  Co-Ox BOO,  Co-Ox BM70, 
Co-Ox T:?!90. 

LXIH 59 Head  and Diehl    11-19-42 
to 

1--29-42 
Allyl rearrangement method for the  synthe- 
sis of 2-hydroxy-3-ethoxyb-nzeld<hyde; 
first thre- steps. 

LXIV 60 Head and Diehl     1L-20-42 
to 

2-27-43 
Corplrlion of studies on allyl rearrange- 
ment n.thod of synthesizing 2-hydroxy-3- 
^thoxybenzaldchyde. 

IXV 61 Diehl 12-15-*2 
to 

2-15-43 
Bimonthly report. 

LXVI 62 Brouns and Diehl 2-15-43 
to 

3-1-43 
Rbte studies on mrterinls containing 
mixture r of callcylaldi-hyde and 2-rydroxy- 
3-ethüxjbenzE.ld^hyce,   sallcylcld^hyde 
arü 2-hydrüx>-3-mwthoxybonza.'>dchyde,  and 
scilicylaldohyd .•,  2-hydroxy-3-methoxyben- 
zeldwhydc,    nü 2-hjdroxj-3-ethoxyb- nzal- 
dwhyi  . 

2-16-43 

2-19-43 

2-5-43 

3-4-43 

8-16-43 

3-30-43 
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By 

63 Llgpett and Diehl 

Period Covered 
by Report 

Methods of determining capacity;  activati on 
of methoxy compound« 

LXVITI  64 Mathews and Diehl 3-6-43 
to 

3-30-43 
2-Hydroxy-3-nitrobenzaldehyde and  2- 
hydroxy-5-nitrobenzaldehyde with di- 
ethylenetrismine,  triethylenetetramine, 
tetr>.ethylenepentaraine, and hydroxy- 
ethyle thylenedioicine 

IXTX       65 Diehl 2-16-43 
to 

3-15-43 

LXX 

Monthly report. 

66 Liggett,  Curtis and 
Diehl 

3-1-43 
to 

4-10-43 
Notes  on  the synthesis  of  o-hydroxy 
aldehydes« 

IX'I       67 Ligpett,  and Diehl 5-20-43 
to 

8-1-43 
Acetophenone, substituted ace top»-en ones, 
and propiophenone. 

L7XTI   68 Diehl 

Third Propress Report. 

LXXIII  69       Hnch and Diehl 

Fourth Progress Report* Circu- 
lating-Solid Apparatus« 

LXXIV  70 

Monthly Report. 

Diehl 

Date of 
Report 

4-1-43 

3-15-43 

5-5-43 

9-1-42 
to 

4-15-43 

4-30-43 

5-20-42 
to 

5-20-43 

8-11-43 

3-16-13 
to 

4-15-43 

4-19-43 
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""umber RDSC Vo, 

By 

LXXV 71 

Various aldehydes. 

Liggett,  Schwandt 
and Diehl 

LXXVI 72 Diehl 

Monthly Report 

LXXVII 73 Lipgett,  Curtis, 
Mathews and Diehi 

Co-Ox SS. 

LXXVIII       74 Liggett,  Mathews 
and Diehl 

Period Covered 
by Report 

3-15-43 
to 

5-30-43 

4-15-43 
to 

5-14-43 

4-20-43 
to 

5-5-43 

3-1-43 
to 

6-30-43 
Solubility of disalicylalöthylenediiraine in 
solutions of nitrogenous materials. Vinyl, 
propionic acid substituents. 

LXXIX   75 Diehl 

"Fifth and Final Progress Report. 

4-20-43 
to 

6-30-43 

Date of 
Report 

5-17-43 

5-27-43 

8-13-43 
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ABSTRACT: 

During the period covered by this report, several hundred grama of ai(2-hydroxy-3-n-butoxybenxal) 
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numerous aldehydes derived from various commercially available phenols and to Substituted aceto- 
phenone and proplophenone derivatives.   An Investigation into the possibility of finding a means of 
operating the oxygen-producing cycle in solution by dissolving the oxygen-carrying compounds In so- 
lutions of nitrogenous materials to produce a compound more closely resembling the hemoglobin 
of blood, and work on the circulating-solid apparatus were continued until the termination of the 
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