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In the Tuture, reports of the work done on this contract
will cover the perlod from the first to-the lest days of
esach month, rather than the period starting from the 15th
of each month, Since it is necessafy to stard writing these
reports well before the 18th if they are to be received
by the 16th, they cannot actually cover, the period ending
ocn the 15th, Consequently, the prescnt report covers only
the last helf of December, 1942, ‘

Pregent Organigation., We are 8till engaged in two

mein lines of study: (1) the synthesis of\intermediates
to be used by Professor Ualvin.in-the prepavation of neow
. chelates, and (2) an examinétion of the chemical aspscts
. of the deterioration of Seilcomine in use,
Intermediates. ‘ |

I Sslcomine Anaxﬁgpes\« ue have prepared aamples of
the f0110W1ng eompaunds for testing by Professor Calvinz
{a) e-metgglsalicylaldahgg_ Propared by the Reimer-

Tiemann resction on m»oreaol, separated from the 4-methy1

)

compound formed at the same time by separation of the two
aenlls followed by hydrolysis; preparation and recrystalliza.
tion of the phsnylhydrazone of the 6-methyl compound; and

finaelly hydrolysis of the purified phenylhydrazone of the
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(8) s-methylseilcylaldehyde,. Formed along with the

ELmethyl compounc and seperated frowm it by separation of
the two anils followed by hydrolysis of the pure {-nethyl-
salicylaldehyde anil, |

2,7

(¢) 28,4-diréthyl. 5. formyl- 6-hydroxypyridinc,- A smell

semple of thls has been prepared in the course of working

out the steps of the sgynthesils, all of which go very smoothly,
The method of synthesis should be applicable to a %ariety of
compownds of this type. Plans Ffor synthesizing analogues

of this compound will be held up until tre £ind out wﬂether
any particularly intercsting propertiecs gre ghown by ﬁhe
chelates to be preparcd from ib,

The synthesis of a'pyrimidine hydraxyaldehydé hag pro-
gressed very savisfactorily up to a point‘one step removed
from the finel product, The last reaction has not yet boen
carried out, It was reported lest month that the prepara-

.tion of the starting materinl for the seﬁies of reaetions

used in this synthesiS‘Iethyl 2-methy1-4ﬁydroxypyrim1dine-'
carboxylate) was unsatisfactory., A repetition of this pre.
paration raised the yleld to 867 (literature 80%). A {SS*‘*

wotisiydp spyy

The conversion of the carbethoxy group to the formy

o701 ‘strdiuos

»

group in the syntheses carried out ;n the pyridine and g
midine series is brought about by the use of the MacFa@ﬁgnwAhjfié
Stevens method snd involves the steps: ester ﬁ'hydfazide
benzenesulfonhydrazide - aldehyde,

-

w3

%

A sample of 4-hydroxy-S-ethylselicylaldehyde has been
prepered but difficulty is being experienced in earrying

-

out sowe of the steps in this series, Plans at present
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jnelude the prepereiion of o lerger owount of the ethyl-
compound, the n_pra?y1~ ond the ilsopropyi- corpounds, Ib
will be recalled that the}metbyi compound in this series
ashowed considerable prouisc.

In view of the interesting results recentlv %eported
by Dr, Calvin on the chelete prepared fron S-fluorosallcyla
eldehyde, we are examining methods of jntroducing fluorine
into the aromatvic mucleus in the nope of finding a.rethod
whlch may be more practicable fortlar@e_scale use than the
diagzonium salb -+ barofluoride - fluoroﬂlseries gso far found
most generally useful, !

Efforts will also be made to find a practical gyntheals
for 3—cyanosalicylaldehgde. |

I1. Polyamines

(a) The synthesis of tris—aminom@thglmethane has been

coupleted, but =& smaller emount of final product was cbbained
then was enticipated, It wes originelly planned to convert
" one of the threc primary amino groups in thie wmolecule into
 the methylamino group, bub too little material was obtained
to permit this additional step. Enough of the trismine ghould
be available to pormit 3ts testing with several gldehydes. |
(b) Tho syntheses of the triamines of the genora al struc«
ture zxag(cﬁg)§7écaxsnﬁs (x=2 and 3) along the lines 4is-
cussed lest month are progressing according to ﬁlan, but slowly.

v

Studies on deteriorated Saleamine.- Bxamination of Salcomine

danmples detoriorated in oilasuSpensiens has been concluded
aince ¥r. Stevenson a&viée&'us thet future plans no longer

include studles on 14quid-suspension operation. Fesulta
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so far obtained have showmn conclugively that the nature of
deterioration in oil suspension differs markedly and funde-
mentally from that obtailning in packed resctors. {onseguently,
conclusions drawn from studlies on one of these two types of
material bear little relztionship to those obtalned in exoam.
ination of the other.
 ¥We have received samples of Salcowmine from test tums
performed with "Thermek” and "Plat case" reactors at A De
L;ttle, Inc, Theose samples are labelled L.l and I.S:
L.l: Deseribed in letter from F.S, Bacon, Doc, 16, 1942
shallow beds 1350 cyocles, total 0o produced = 29,6 lbg, per
1b. of powder; % of orig. sat. at 1350 oyoles = 25%
L.2: Described iu letter from ¥,3, Bacon, Dec, 16, 1942
Deep bed} total 02 produced = 23,6 1bs per lb, of powdery
Boo-cyclea; 4 of orig, sat, = 54%
These have been subuitted to the basic tests for activity,
- aldehyde content, and elemsutary analysis.- e are now
studying them in greatér detail by means of the teehhiqge
of solvent extraction.' Some of these results are reported
below,

Extension of the wethod of examinetion of deteriorated
samples by means of exhsustive extrastion wigh guitable
solvents leads us o believe thab the method will prove &
very useful one. The procedurs we are using invoives )

a) a separation of the original sample intec an "extractable"

fraction and a ncn.extractable,residuc. The "extractable®
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fraction consists of crystalline "red isomer" and o voriasbice
awmount of soluble uaterisl vhich, upon evevoration of tho
solvent, is obtained as a terry, awmorphous subsiance,
b} Ixaminstion of the non.extractable residue with solvents
other than the one first used, .
¢) Ixemination of the verious fractions {exirecte, wothereliguor-
soluble residues end non-extrectable residues) by analyscs
for aldehyde, ethylencdiawine and cobalt content,

A typical study is deseribed, using samplo A-67, a3 an

;

exampley sowe of these results have been revorted earlier
in an incomplete form:

Flve grens of A-87 was extracted (Soxhlet) with dry
benzene for 32 hours., <Yhe residue in the thiuwble (I) woeighed
3,82 2. (76%). The beusene extroct was co
0.88z (17%) of crystaliine red ilsomer {(11) was obtained,
Evaporation of the filtrate gave 0,52 gz (1
phous solid (IIT). |

A portion of 0,83 g, of the ved isower (II) was sxiracted
with 7% ee, of benzeneteongaining 5 ¢ce of dry pyridine, The
crystallizate in the extract weighed 0.87 g, end after acti-
vation at 170°-28mm. showed an‘aétivity of 5,8%, The red
isomer can be activated in a variety of waysiy It gives 1009
recoverable aldehﬁd@ on hydrolysils, It will nenceforth be
treated ag chemilcally intact Salceminé.

The non#extractable residue (I) and the material (III)

rrom the mother-liquor were analyzed for aldehyde content:

12b2315
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II7 = ¢6.8

Aldshyde

- v o e o
L %76 1 BB.9 = 43

685 {617 found on orizinal sawple)

v

esidue (fren bydrolysia) balerce,-

The somcwhat bigher perceatage of o Gehyde vecovery froa
eachn Ifrastion separately and the sozewhat lower wmeolduc means
that more efficicnt hyérolysié is p esible on the separsie |
fractions end thus that o swall amourt of recoveroble alﬁehyde/
must be present iﬁ the 18% residue found in the original
sample. The difference 4s smell and not significant, Th
iiportant conclusion is that'the exiraction procedure does
not give rise to further anounts of non-hydrolyzable (poly-
noric) residue.s.

A conelusion to be draw *frcmuthése rofults is that
a) elther the aldehyde present in a given sample iz not =2ll
in the form of chemically-intact Salcomine (either active -~
or inaétive)y cr b) somo‘of the aldehyde so presewt is not

-

accessible to the aetion of the solvent, +his choice can

be made certain, we fecl, by the anplicaetion of cnc othor
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analytical aporoach: the determination of recoverable ethylene

diamine, We have done a congiderable amount of work on this

deteruination and now feel that the siwmplest of the weny
s33lble procedures will glve us the needed information,

Tile invelves the precipltotion of the dismine dibenzoste

from the agueous solution cobialned after acid hydrolysis of

the sample, It was pointed out in an earlier report that

the precipltation of the diamine is incomplete in the presoence

of cobalt, even in a2 strongly alkaline wmedium, However, it

appears that a close approximation o the ficures we need

can be obtained by a series of cumpirical fesults ovtained

on sanples whose diemine content can be estimeted ‘on other

bases, Tor instance, 1%t iz a safe assumption that red isomer

contalns 100% of the amount calculated for the theoreticsl

compcsition‘of Salcomine, Salicylaldehyde ethylenediimine

scrves a8 another stendard, Some experiments have been

carried ocut along these lines, and are as follows,

Procedure,- The acild-hydrolyzed sample is steam-distilled

to remove salicylaldehyde, <he aqueous solution remaining

is filtered from insocluble resldue and made strongly alkaline

with sodium hydvoxide., The precipitated cobalt hydroxide is

filtered off (through filuer.aid) and to the filtrate is

added an excess (several times the required amount) of benzoyl

cinloride, After sheking and alliowing the mixture to stand )

until the benzoyl chloride is decomposed the precipitated

diamine dibenzoéte i1s collectsd, dried and weighed.
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recovdry: ¢ of calcuilated

anount

Salicylaldehyde ethylene-
diimine ol
Red isomer a7
.2 4%
el -68
L.l 48

hed isomer contains 1003 recoverable aldohyde

1-2 contains 78,6p recoverable aldebyde° activity é 0?
G-l " %C. 2,; 0.9%
-1 " 72,3% " " " 1.0

T AT

3

These figures indicate strongly that some of the re.
coverable aldehyde in IT.l, L2 and G.1 iz not bound in the
form of chemleally intact Salcomine, and ave further support
for the still provisional assuniption that a ceritain amount
of the chemical attack on the complex is directed at the
diamine molety. '

It seems a safe assumption that values for diamine
recovery, empirical as they will be, will be of value in
exeming extraction residues which &) are not further
extractable but b) centain 50-60% of eldehyde recoversble
on hydrolysis,

The table on the following page gives in swmmery form
results similar to those deseribed-above in doctail for
sample A-67. The most notable conclusion to be drawn these
results is that while two samples (e.c., A-G7 and A.68) -~
ray be of essentially the same activity, they may vary widely
in tﬁé{f'content of both recoverable sldehyde and extractable

red isomer. (It should be noted that the red isomer formed

1262318
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on extraction is o product of recrystellization and is not
necessarily pregent in the samples compare 3~1, vhich is

nearly pure, active Salcomine but which yields 859

red lsomer on extraction with benzene, )

o

ye I‘GS.RGS. 998 {» - 16,7: 12.5 jagol - i 10'9

Sample Xl 8.2 2 3 A-68 | G-1 @ 8.67
1. Activity (110°) , 4.41 %ggsé 2,01 fl.oo 0.19 | 0,42 | 0,15
2. " (a0°) 457 4,24 .. . ;,67 L 0,91 | 0.51
3. # 1.8 101 96,1 7e.6 72y 60.9 | 70.2 | 50,8
4. & ves, 0 5.5 4.9 en 16,4 | 8,0 | 18,0
5. Solv.}  Ba70"" . . Bo-65 Ba-14g B2~ | -~ Ba-325
S Zorystals® 85 | lgg ey 50 546 ISR
7. o Yec, 2 il s0 a0 4 - RE
3. 7 sla.Crystals | 100 f - {100 100 200 | -- | 100
S, % ores, " é o g-- 5 0 5 0 f 0 S - 5 0
' 10, 7 selid (1,5.)7 % S I P - |10
SRS A DU NP - | - | e6s
12, Z res, " % - | == se.o§ 38,0 f-- -- g 17,6
13. 7 224, Res.  je2.u’ | | 80 | 35.0 B9.2 | .- | 55,9
|

15, Ald, bal,® to2 .. ! mo  9s® e — i 66

16. res. bal,4 S D 7.0, 5.6% 5 | - {101

17. Diamine Recov,  ggb f-- P 47 f 50 §~~ -l e

Blanks to be fiiled in by experiments in progress, _

l. Figure represent hours extracted :

2. Red isomer

3. Ald,bal, = (6x8§+ ?x133+(10x11) compare with 3

4. res.bal, = (6z9)+(7x12 +(10x12) : "4 5, complete(?)
6. Assumed tho same as "red Lsomor" ' 7. #.L.=mother-liquor
8. All aldehyde determ, run on decx, sawples ' :

o.

Does not include M. L, s0lid 10, Benzene - 70 hours

1262319
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Studies of L.l end L.2 are still in progress, bub
certain results aside from those reporied in the table, ave
of interest. Cobalt snalyses on these savvies show thom

to be markedly different,

Sanple 7 Co

X1 18,9 (2dded for comparison)
L2 i8,%

I-1 15,8

Since L.l is more extensively deteriorated than L.é (1,09
activity vs. 2.0%) gives a lower aldehyde recovery (73% vs.
797%) and gives less extractable red isdmer (507 va. 6i%)
it eppears thet previous ldeas concerning ocnc aspect of the
deterioration are again stupported; namely an increase iﬁ
the total welght of the sample (introduced oxygeﬁ) has
oceured, repulting in a lowering of the anslytical figures
for the other elements,

In the description of the operating conditions which
- was sent with these samples, nothing was said of the humidity
of the entering alir, It wou;d be of'interest to lmow whether
this was the seme for both I-1 énd L.2, and what 1%t wag
{absolute velus). It would appear, from previous oxperience,
that L.l was treated with wetter eir tﬁan L-d, but perhaps
the differenceé in actual duraﬁ;onaof these fwo runs would
be adequate to accouh? for the differences,

Activetion attempts .. It 1s easy to activate the red isomer

in 2 variety of ways, all involving its conversion into
a pyridinate which becomee active upon depyridination, If

& deterlorated sample were to contaln aceessible {to e

1262320
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solvent) active material or red isomer, or if the “"coating”
around the active material (=kf ¢f, X-ray rosults) were
gsoluble in = given solvent, it should be possibls to activate
deteriorated moterlial in situ. So far, all attempts to do
thie have resulted in feilure, in spite of the fact th&t;
the Salecomine can be reomoved by exitrasction and that crys.
tals of ved iscmer are dftog found intermingled with the
material in the extrection thimblce, Typical experiments
are described herewlih: .
I, 1,00 g, of red isomer was moistened with 2 ce. of pyridine,
50 ce, of isopropyl ether was added, and the mizture was
hested under reflux for a few minutes. The s0lld was collected;
it welighsd 1,296 g,, and after activationeat 170° had an
activity of 3,149, II, A sample of A-68 was treated in
exaoctly the same way, Its aofivity was then 0.96% (original
0.5 - 0,87) A slight but hardly significant activation
wae thus brought'abouh,
ITI 2.0 g, of A-68 was bq§1ed for 4 hours with e mixture
of 150 ce, of benzene‘and 0.8 ce, of pyridine; After
recovery and activation at 170°/ 25mm, it showed no incressed
activity,.
IV. 2.23 g. of A-68 was heated with 100 cc. of water and
0.55 ml, of pyridine, After heating at 170°/ 25 mm, it
showed an activity of 0.64% (no activation),
It was thought that it might be possible to choose a
solvent which would attack the "coating" around the active

Salcomine and thus expose active materisl, It has not been
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possible to do this, Ixtraction of A.6S with alcohol and
acectone removed much of the original semple (653 and Sép,
rospectively) these solvents behe¥ing 1ike bengenoe in
this pespect, Continued gxtraction of A.88 with carbon:
tetrachloride and isopropyl ether for 28 hours resulted
in the rewoval of only 2% and 7% of the sample weight,
respectively. ‘ne residupl meterisl was inactive, It is
of intercst to note that the carbon tetrachloride éxtract
contained a definite, but smell, amount of free sallcylal.
dehyde (approximately 0.5%). g .

Activation by heating.. we have observed in the course of

activity determinations that e higher activity is found
when the sample 1s dsoxygensted st 170° th&n‘ﬁﬁanXanxﬂx@tz
when it is deoxygenated at 110°

{both at 25mm,), The difference between these two activities
is greate® the more deteriora;ed the sample., Psart of this

- change is due to sn sctunl loss of some tarry material during
the high temperature tresbtments this materiel cen be scen .
collecting in the outlet tubes, Part mst also bs dus to 8
glight temporary activation at the higher temperature, due
elther to removal of treces of resldual oxygen or to the
removal of some of the "coating" wyich presugably covers

the sctive matorisl., Thse totai gain 1s not large, and in
several éxperiments an increase in asctivity after 170°
treatment was not preserved in a subsequent messurement
after 110° treatment. Two experimsnts phow the magnitudes

of these offects:
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I, N 4,5 g, sanple of A-O7 wac heated at 170° £t the vacuwn
of an oli.pumo { 5mm,) for 4 hours, -+he totnl loss in -
velsht was aporoximately 1674. Yhe activity of the residusl
ger. ie was 0,313, or within the ranpe of.velucé obtained

on the orirsinasl sample,

TI, 1 19.93g, sample of C.l was tronted ms above for J hours.
It lost 1.98 g. (9.97). Some frec eldehydc was presont

in the sublinate. water collected in the dry.lee trey,

e ~ctivity of the 17,95 g. of residusl metcrial wes 1,817
iMis 49 a slirht gain over the "170° activity" sreviously
found (1.0, 1.18) and is preserved on aubscguent messurement
of "110° activity."

“he significance of these observations, und cflotherg
mado from time to time along tie same lines is tumb + ctiva.
tlon by heating alone 13 poasible only to very limited degree,
anc a= ey not be "activation” in the strict sense, This
concluslon is not & new Qne; ?ut has besn poluted out by
otters in the past, It Ls of interest to recuphasize i,
aowevor, In view of some suggestions recently nucfc in g
Duroat report (Oct,l-Dce, 12, 1942), It was nroposed there
that the action of wator was to nydrolyse one o? the Soniff's
base linkeres in the chelate to give the structure,
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and that 1t should be pocsible to cffect ¢ reactivation by
"dchydzation", It i1s likoly thet i cueh a hydrolirsls vere
to occur, and if the grouns vere to remain disvoscd In the
some relative positions they had before hydrolysils, that
d-hydration to reform the chelate would be very easily
brougnt about. It will he re@alled that selicylaldenyde
ond cthylenediamine reoct almost Instantly to form thc
Schiff''s base Iin agueous solution, It is our opinion that
if any 2pprecigble awount of d:terloration were due bvo a
partial hydrolysis es showm, the reversal of this to reforn
the cnhelate would take place with ease and comnpleteness, The
fact that heating effcets so little rcactivntion speaka
strongly egoinst such on explonation for the deterioration,
It ic sti1ll our vicw that the 2ction of waber £§xgg gcting

upon the oxygeneted cor-lex in such o way that a sirmiltaneous

hydrolysis and oxidation, with participation of the bound

oxygon, takes place,

Tesptetfully submitted

T, A. Geissman
Official Investigator
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