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CATALYSIS OF TNE FPORMALDENYDE CONDENBATION

Historieal

in 1060, Dutlerows condensed trioxymethylens by msans of 1ime
wmter %o e syrup with sugarelike propartles. Soma ten years later
loffan® digcovered formaldenyde and phowed that Dutlerow's tricwye
methylens wes a polymerised form of fosmaldehydes On the bDasis of the
£indlinge of these enrlier workere, Desyer® in 1884, postulated his
Assimilation Theory, in which he mede an atbenmpt to explain, on &
che=icsl tesis, the process by whioh plants synthesise earbobydiratess
In this Sheary of photogynthesis he assumed that the plant taiwe carbon
dioxide from the alr and oowbines $t with water to glve formmldeinde,
which in tum is quiokly changed or converted to carbolyiabtes, The
pro‘uotion of formaldelyds as a photomymthetie intermediste ls cone
gidered probable in warious nodern theories of photoeynthesis, The
in vitro sondensation of formaldehyde to sugars, efferdng a otemical
anslogy So the sesend part of Paoywr's theory, has been studled by &
mmber of workers, A few of the sain pointe of intersst will be reviewsd
in the following section, _

Butleroe found tha sweet yollow oyrup obtained fyom his oondens
sation of trioxymesthyleme to be optloally imactive as well as none
fernentable, Loaw® obtaived a similar nomefermentable syrup which



he oalled metihgie, by treating formaldelyde with lime wnter. 0 later
svost ! tuted mh- nih'ﬂw the 1191 water and produu e syrup
identical in many ways with thoes previously cbtaimed but with the
property of being smewhat fermantable by yeaste Secause he considered
16 possible thet glyosrose is en intermediate product in the forvaldehyde
eondensation, Enil Fiseher® treated sorolein bromide and later zlycerces
with baryte and made syrupe 1denticel with those obtained by othar
workors, Thase varioug eyrups were shown by Tisoher and faesmoredto be
oonplex sugar mixtures from whioh eould bo isolated a fraotion oalled
ol acroses m-mmﬁnmwmm«mn-,
Acrose was later shown by Fischer and Tafel? to contain the immotive
forze of two naturally mring, sugers, ramely, gluocose and fructose,
The glyoarose used Ly Fisocher wee an oquilidrium mizture of glyoerlo
ul&hﬂﬂdﬂWuﬂMiﬁhHm could for: a
keto hemone by the following mechanisms
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postulated %o exist in sslution ss & hyirets, can, ascording to Neeyer,



condemse by the eliminetion of & molecule of wabter,
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Sush @ condensation would yield a dlose, whioh might then add on a
molecule of formldehyde to form a triose,
H i B K i B
0 | o 0 0 «»Blgh ] | H

BO ‘-ﬂe:ﬂﬂl’i’aﬁ wonmetin T copee CEHH W wcnvengpe B0 o (0 e (I
[ ®w ;] H H

or =ight condense wlth another moleculs of diose %o form o tetrone,
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Sucooesive oondensations would yleld pentoses, hexoses snd possibly

 lerger moleculos,

As a result of his studies on the action of alimlies on aldehydes,
teg® sugcested that the condensation cecurred through the soumbination
of twe enolic molecules, Formaldehyde might exist in an eveolic form



uhiich oould condense with iteell o form & 4iose,
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4 dicse so formed mipght alee heve an enolie form which sould produce
larger moleculss Lty & soriees of condensations similer to ﬁhau ros
viouply desoribed, Condensetion beyond the two earbon moleoule stage
ie complicated by the fact thet suoh woleoules mey exist in two emolie

forme, oither of which might conoelvably condense,
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Another possibility is the “eldol type" of vondensation, e
reaction that is quite gemeral for aldehydes with alpha hydrogen
atomg, Aldehydes with one or two cerbon atoms would yield mfgbt
ohain condenseation products as showm below, Lerger molecules on the
other hend, would glve brenched ohalng,
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is will be explained 1n move dotall laber, workers have been uvable
%o find any sueh brenched ehaling In ¢he condensetion eyrup, This
type of condemsation may yield lerge molecules with strelght ehains
1f ome of the combining moleoules is en aldehyde and the other &

lrbone,
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8inee many aldehydes in slimline esolution exiet as arn eguilibrium mixbure
of aldehyde, emol, and twto forwe, 1t ls quite possible that the aldol
oondensation talwe plees to a elignificant degree,



Rocent contribuotions to the problems Although the valumble

eoctributions of Fmil Fischer gave definite evidense concerning the
somposition of the condensation syrup, hie use of phenyl hydresine

wae found of 11ttle further valus for this problem, boocause of the

A1l loulty of separating the psasonse forred, A real omtwibution

wae made by Ortimer and Oerish in 1388 when they introduced new methods
of epalysie, with which they were able to sbudy in both a miwmn.
and guantitative way, the products of the condensetlion resotion, Ny
unxyuo.:iy hydrogmating the mixture of sugers combained in the
syrup, formed by eondeneing forreldehyde with leed hydremide ah 100 degress
Cantigrade, t¢heee workere obta'ned the corresponding aloohols, After
the alochols had firs been portially separated by fractional Alstilise
tion, they were ldentified through the bLunsol derivetives, Orilmer

and Oerigh found mo branched ohain molegules of any kimd in theip
produot, Aldo-tetroses ware present bLut only hﬂfn—pﬁ&hdm and hexnpes,
in erder to oxplaln thege cbeerweiions, they postulabed the following
poseibllities of resction, In thi; soleme the most probable coures

of the resotion in indicsted by heavy lines whils the doultful courses
sre indieated by broken lines,
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The etraight ohained herosss could be formed in several ponibi.
ways. 1, The stepwise ocombinabion of éi; formaldehyde mhnﬁlaa very
1ikely does not sccount for much of the fimel product due to the fact
that the intervediste oompounds of euch a ocondensation could easily
conblse with themselves. In doln; 6o they weuld more quiekly furnish
hexose products than could the pedction between the larger mmber of
forsaldehyds molecules, 2. The addition of glycolsldeigde %o s tetrose
is not likely %o account for mwoh of the hexoses, Por at the time, as
found by Orthnar and Gorish, when apprecisble quantities of tetroses
" are preseut, the ccnoentration of glyoclaldehydse is low, 3 The most
1lkwly mothod of haxose femﬁ-l;:n is the union of ove moleoule of
glyesraldebyde with ome of dilydrowymeetme, As hae been stated pree=
viously, the absenee of trenched chaing rules cut the poseibility of
tmo moleoules of elther glyveeraldehyde or dihydremyacetone condansing



%0 form hemoses, iossibls modes of saldol combinations betwsen molecules
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Latalyels -l' the condensation, %mmm (1927) mticed that
cortaln sugar moleoules oould mariedly catalyse the condensation reaoblom,

that 16, they were able to reduce the time reguired for the fmm
o tw} oonverted to sugars, In 1986, fusintl further iwwestigeted this
ostalytlc effect and found thet the notive catalyst is the endiod group

of the suger, Such a group fe essily formed by an eldose or twetose sugne
in the progess of emolisation in slimline solution,
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in an atteept bo determine the meohaniem of the catalysis Susin used the
soopound bensoin as the catalytic egent, lensoin s knowm %o aoguire
the endiol group 1n slieline solution by tm following teubomorio
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From the eondemeation mixture he was able Go isolate an nddition ocow
pound of beneoin Lhnd at a lator stnse of the condensation ho recovered
the origimsl bensoin, With this informabion he postuladed the following



meehanian for tﬁu eatalytie action of bensoin,
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(8) Dangoln 0lyoolaldehyde

Tf the reastion doss follow some couree sinilar to the one oubw
lined above, the catalyst i effestive for seversl roasons, 1ts
primary effect, thet of the formation of intermediste products such
as glyeolaldehyde, tende Yo ehorben the time of condensation, Those
weéwto ean not emly Turther condanse, bt can exert a gecondery
oatalytic effect when thay enolise in an amalagous mammer to hensolin,

mm.wumwmm-fmnnw
formaldeotyde condensntlion we have investigated the relative cetalytie
sotivitiee of a mmber of compounds that furnish structures related o
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the endlol groups In eddition Yo these qualitative studies we Mswe also
sady an atbenpt to understand the resotion fyom & quantitative stands
pointe This has been dome by studying the quantitative relations of
forms ldehyde and reduoing n_ahhn- during the eourse of the mgﬂon.l
In the conoluding section of this paper there will be some discuseion

of the properties of the eyrup teolated fram the condensation mixbures



Ixpsrinontal

Standerdisation of sonditions and resgente, In order %o compure
and contrept the relative effectivencss of the eatalysts of the formmldee

hyds condensation, 1% was necessary to adept eome characterletio of the
resction that wo.ld serve s o standerd of comparison, Sueh a basis for
conperison was found to be furniched by the recction iteelf when at &
nﬂliﬁ stage of the condensetion, e color ohange takes place. Albhough
this color change ie move fully discussed later, 1% should be mentioned
that the chenge taies place when all formaldehyde hwe dissppeared and
yeduoing subsbancss have reached s mawimm, The condemsadion miztuse
undes cur conditions of wari, is vhite in color because of an emoass of
1ime present, A% the time when the formsldebyde concemtration is cero,
certain chenges tals place in thw reduoing subsbances that have bLeen
farned, that cause the solublion to turn straw yellow and later deep
brown in solors In the dlecussion to follow this tiue will be salled
the "end poilnt™, and suoh an end poimt in a resction in which mo catelysd
bas been used will be salled the "blank end polnt,”

Condensing agenbsy Although n mmsber of reegents suoh as
megresiuwm oxide, leed hydremids and caleium hydromide will bring about
the oondeonsstion of formaldelyde at elevated terperatures, only one of
‘these wes foumd te be of use ot low bempornturess Both magnesium
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oxide and lead hyiroxide require s temperature of 100 degrees Cenilgreds
to effectively condemse formaldelyde. Calelun hydroxide was found o

be ofmtimvat & teoperature of 40 degrees Centigrade, Simve & Lasparew
Yure of 40 degrees Cemtigrade wae =more compatible with the verious foaoe
tore influenoing cur work, we close eslolus hydrexide as the ecndensing
roagent, larly in the work 1% Lecamw apparent that various cameroial
brands of 1ize wero quite different in thelir condersing quelities, Ale
though ench recgent used, and 1ts uske and conventratlon, will e dise
cussed in detail later, it should be etuted that in all thie work &
resction misture consisted of 100 mi111i%es® of & 4.0 par cent solubion
(water) of forwmldehyds, with 4,0 gramns of oaloium hydroxide, The resction
of such & mixture i¢ spoken of ns & bLlanikc resction, "hen oatalyst was
M&-Mzm ie reforred to¢ as & catalysed resstion, The reagemds
in the proportions described sbove were pub inte 1z 08 inch pyrex test
tubes, imwrsed in s water bath et &0 degrecs Centigrede and rechenioslly
stirred tc produss a consbant slow mixing whioch was :Inlt sufCiclont to
koop the lime suspended,

The following table scaperes the condensing qualities of lime obe
Sained from three different scurces. The condensing effect of oalaion
hydroxide was found ¢o be related ta factors other then piy Solutions
of mls.im-nl potascium hydroxide with the came pi as the veleim



hypdroxide produced no sugar condensatione

fable I |
P Blani: Hesotlon
141ly'e Lime (Medioinel frade) . 11,04 150 mimibes
lallinckrodt Live {(Analytieal Leagent) 1l.00 360 minutos
Tajer Lino 11,08 i0 » 18 hours
Bodium Hydroxide 11,08 lin eondensation
Fobassium fiydroside o 11,082 lio sondonsation

From eortaln experiments, listed in & following table, it we
found that the emount of lins used in the reactlion wee an ilmportant
faoter. Suoh resulbe &*E:E!M- M‘tho sise of the particles of the
suspended lime might ﬂr,r, fmoare of the various llwes were viewed
under & posswring miorosocopd, in all csses the unlt particle size ws
found bo be Letwesn 040 and 142 micva,
| in order to deternine whellhwr or not the purity of the reagent vas
e factor ia debermining Ghe epeed of tle condensationy the following ems

perinents wore dotie

Proparation of mv caloium oxide, A solution of calolum nitwate
with o meximum of 1imit of metallic lmpurities of 08 per cent, was
tronted with ewnlie eoid to precipitate valeium omalate, Ihe ymohed
and dried salt so prepared was thoroughly burned in en eleotwis furmace
%o produse pure oaloivm omide, This onlelum mummamﬁm
valent amounts in the condensation rsactiong gave Ghe nluﬁim a pii
of 11,70 and osuvesd & blank rescbion ¢0 be complete in 117 minubtes,



ib

Ireperation of imown impure oaloiun onide, The lime was pree
pordes above, except that to the wet culoium oxalete precipitete tiere

ws added one willigren ench of twelve imowm metals, Tho metals used
wore oll possible lmpurities of nmluml insluded the followings iron,
' niokel, silieon, sulphur, magnesiun, sodlum,potassium, Yeed, sino,
bardum, cobalt, and cedmiume The product yvielded a slightly ecoloved
eolution when added %o the formaldelyde -« howover, 1t was still possible
to observe a color end point, Although this lioe gave e pi! similar o
the other limes, its blenk rencbion time wes greater then ten hours,

| The following table lists the vasious limes Sried and shows Shelr
cotlon in a blank resction as well es in recctions catalysed by 0,27

nillimoles of gluocose,

Table I3

‘ Tire of Ind Poind
Line Urade Hlank Catalysed
41y Nedlolnak 130 mimsbos 64 nimrtes
Eynthetie ure 117 sinutes 60 mimtew
allinoirodt  AuBe 100 minubes €8 mimutes
Syrthetic Tepure 11 hours - T8 mimmbas
Daler GBSy Pa 11 hours 76 minubes

As eoon from the above, 4% is quite evident that the presence
- of svall amcunte of metallic impuritien exert a negative catalytio
effect upon the forsaldehyde condensstion,
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Az has been previously stated, sn auount of 1ime is used tial is
muoh more then 19 necessary for a caturated solution, The reason flor
shis lg ebwious when the following table is comsideved, The reaciions
in column A wers all catalysed by 0,66 millimoles of glucoses Columm
o govpares bLlank resctions

Table 11X

A B
2 pams Lilly's lice €0 mimtos 100 minutes
¢ grane Lilly'e lime 54 mimten 127 vdrutes
¢ praum LA1Yy'e 1w 60 mimdes 1588 o e
4 grans 1i1ly's lime o= Piliereds 90 mimstos

»This solublon was thoroughly mizmed at 40 degrees Centlgrade and them
quiokly filterod on a ointored glass £ilber, the filtrate then Leing
relurned to the waber Dath, Tiw pE of thie solublon was 1leid,
Tecause of the shorb tine required for the four grems of 1lie per 100
ni11134ere of fornaldobyde, thls concentwation wae chosen we cvr stans
— |

Torsaldehpies The following graph shows the relatienship Lotween
formaldohyde conoeriretion and tlme of dlank condensedlon, The verious
points wore dotormimed by condensing 50 milliliters of the ayprorriabe
oonocentration of formaldehyda with two grasse of 14lly's lime st 40 degress

Cartisrados
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Deeause of the comveniently low point o;‘ the Verek formeldokyde curve
at o ooncentratlion of four per cent, thia reagent {reagent prede) was
used to make up the solutions used in all of our later work, "hem
Mallinclrods lime was used with this four per osnt formaldebyde polue
bieon, the blank renction required 120 mimutes for complotions

The following tebls phows that the amount of & given lime used
with a dofinibe Drand and concentration of formaldehyds is reladed to
#he Gime of ths blamlr reaction, It la intereating So obeerve that
emcess 1ime may grestly retard the Fate of reastion

Table IV
Os 0% lorel Formaldebyde 6 ge 14lly's ldow 243 minutes
Ie2% Yerek Formsldshyde 4 g Lilly's Line 166 mimntes
8,087% Uaroh Formaldeibyde 6 ge Llly's Lime 1563 minutos
4,088 lerelr Formldehyds & go Hlly'e Lisw 127 vinutes
0u2TE Vallinokrodt 8 ge Lidly'e Lime 35 nlmutes

0e 778 01linckrodt 8 go Lillyte Lime 245 wlmates
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lethodg of analyslsy  Formeldehyde oomcentrations of the
renotion sintures ware determined Ly the use of dimethyl dlhydrow
regorcinel (dimwden), This roegent forms & water Insoluble eomplex
with fammldehyde accerding %o the following eguations

CEg0+ Rogfagls — Clip{Cglaglaly - Hgd

A forruidehyde solution muet e ¢1)uted to contaln mo move than
40 milligrans of formaldetyde per sasple, It is oustorary to have
$w sise of the eample below 10 nilliliters Sueh o solublon ip mede
slightly aoicd with hydroshlorie seid aud oimed with 100 milliliterect
a satureted sclution of dimedon, Tha mixbure is warmed on & waber
bath and sllowed to ebond over night, The preoipitate is collected
on & welghed Goooh crueible which is them dried at 50 degrees Centigrade
for seversal hours and rewsighed. The weight of preeipitate timme 01087,
glves the weight of formaldehyds in the sumple,

lura formaldehyde solutions, such as our Four per cent stoak
solutions ave more saaily astermined by an iodimetrie method described
by Fomifioi®, In thie method Formaldehyde fs guantitetively oxidised
to farmic aold by remaiming in contaet with lodine in albaline solus
Glon for a shord time, In our application of this vethed, five millie
liters of formmldehyde solution oontaining not more than Fifty millle
grams of formaldebyde wers mdsod with 40 040e N/10 todine solublonm,
Gtrong lalr was added drop by drop unbil tht solution wae light yellow,
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After ter minubes, the solution wae aoldified with gtrong hydrochlorie
sold, The liberated $041ss was then titrated with Yhiceulfate and the
Pormaldetyde concantration wes oaloulateds 1 ml, N0 fodinew O,00180 & me
formaldehyde,

retuping substaness formwd fron the condensation were debormined
by the use of & motifled Fhaffemiartuan reagent, descriled by SeengyilS,
the valves Deling reported as =illigrene of zluscee redusing eq:lvalent
por 100 m111i}20ews of solubions With ﬁu rongant the solubion 4o be
analysed must not contaln more than two miliigrems or less them 0.5 milliw
arean M’ gluocoss in five ;ﬂlnliwag For amalvnia of tmgmug;
nlxbure, oo n111i1tter of solution wan carefully removed by pipstte
and mzﬂniiﬂl- bto phenol red with 0,8 1 HOY, Jomples talen before
rod . eling substences appeared in spprseiable encurte were diiluvted o s
Lloal voluwe of BE =illfiliters. Leter savples were diluted to rifty
#11112i%ers, Five milliliters of the dilublens and five md1liliters
of peagent were pipetbed ‘nte 6° x 1" toct tubss, miwed well, and the
tubsa heabed in e bolling water bath for £ifteen winubes, During bhe
dsterninallion the tubue were covered with glass bulbe, After seoling
%o room tenperature, ome milliliter of a selution contalning four
@reme of K1 and five grame of Xglighy per 100 milliliter was added,
mn'.imum of normal Fgiig were now blomm in replély and after
five minubes the tubes titwated with freshly prepaved 0,005 movmal
thicoulfute, starch belng uwed as an indleator, A blank value wae
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pun with sech serles of tubse mnd the mil1iliter titration Aifferense
betwoon the blank and the semple wae multiplied by 0,115 to give the
milligrere of glucose redueing equivalant in the five milliliter eaxple.

The 00ld reduoing power of the condensotion mirxture wes measured
by Soxhlet's modification of Feblings Teagentes Two milliliters of
the mimed resgent and ome milliliter of the undiluted eondensation
nxture were allowed to stand ot room Semperature Tor cnsehalf hours
Two end five tonths miliilitersof twentyefive por cent liglg were
added along with one milliliter of a twanty per cont aclution of Ki,
The 11berated todine was titrated with 0,08 U thicsulfate. A blanlk
was vun eimultencously and the titretion difference between it and
the sanple was recorded.

In prelimimary work on this problemy, ssoples of the condensation
oixture %o be aralysed for sugar wore firet treated with dimedom %o
preaipitate any formldehyde present, The ewcces dimsdon was then
revoved by precipitation with Fep(804)ge=e UaC0g, Reduolng values -
obtained using suoh & m were quite variable end the method
wus unsablsfactory, In another ebtenpt o separete the excese dimedon,
s proosdures was devised in which the dlmedon was extracted with benceve
in the apparatus shown below,

¢ Solublon A wu 6,080 grasme CuBOgeliigh in 100 miliiliters Fgd
Solution B we 34,6 grans iochelle salte and 10 grame NaOil in
100 oubie centimsters Hgh
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Aithough this method gave rather conmistont resulis, 1t wee
mateful of both time end mmberials, To doternine whether any treate
mont of the om@engation sample was neoessary, the follewing experie
wont was done, A one nilliliter sevple wes talen fyom o sondensation
reaction, Jjust previcus to the end point, s time &t which ¢he lorsaldehyde
concentration was almost sers, This sample wme nsutralised to pheml
rod with hydroehloric eacid end d1luted So fifty milliliters. Two five
n111431tor porticoy were withdrewm for anslysis end placed in tubese
Five milliliters of wnter wae sixed with one sanple and five miliiliters
of wmter aomfmining four #l1ligrass of formaldehwde with the others
The second mixbure contained forweldehyde oquinhm to thet prosent
in a sanple propered from & condensetion solution of four per cent
formsldehylie concentration, Sugar wes determined as provisusly dose
oribeds The reduction value on the tube with added wmber wae oquie
‘valent to 1280 silligrame glucose per 100 nilliliters, while tho tube
eontaining edded formaldetyde qmve o reduction aquivelent to 1200 millie
greme of glucose per 100 miliijitas 6 difference of only eleven millie
gress or en eyver of about ome parnm. Beoause of the negligible error
due o the presence of formaldehyde 16 was not reveoved in later work,

The following table glves & comparison of values found by the
above methods, mmwwh-w—pmm\mm



eatelysed by 0,11 millimolee of ;lucose

Table ¥
Time - Uge Bedue’ng Substance Olven Dy
Pecipitation Pxtraction Yo Ireatmend

8 30,0 12,0 00
10 e 3’.’ 10;@
30 11.0 © neaanas 12,0
68 v B7.0 17.0
00 50,0 203,06 R2L0
20 2300 T80 048.0
int B08,0 02048 136040
40 188,80 00640 1048,0



Ma'md Discuseion

Quantitative Aspeots of the iroblems  Frevidus to the werk of
Optimer and Gerich® there had been 1ittle quantitative study of the

oondensation reaction, These workers, however, followed Ghe uu-mm:
by deternining redueing substances formed in the Mlm e8 woll
a® by methods previcusly deserided, Their sugar dotersinstions ehowed
the sppearence of gredually inoressing amounts of reduoing cubsterces
unbil & meximm had been resshod, After this point vedusing values
decressed, &ince Ehe conditlions of our work wesre qﬁ%h difTerent from
those used by these workers, W also made quantitetive studies of the
condencation, e have studled nob only vesotions involving the cons
dencation of pure formaldehyde, but also those catalyped by various
roleculen, : |

Figure V1 shows a oomparigon of formaldehyde m_‘!'nhlim oube
stances determined on a blank reactlion, Op this m;alz}z one aet of
£igures on the ordinate, represents the concentyation of redueing
cubstances in glucose eguivalents while dhe other rep¥esents tho cone
contyation of formaldehyde, The absclsss shows the tlmes at which
sanplon were withdrewn for analyeis, the sero point belng the tinme
at which the oaloium hydrozide was ndded to the rmzm 1% i
seen that shordly after the lime wes ndded, the fmmhw conoan=
tration fell rapidly to about 8.6 per cent, A pﬁtim\s of this decresse
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wumﬁthmwrﬂﬁm in which scms of the forsaldehyde
is clangsd to mellywl alechol and formio moldy
After ¢hie Indtial drop, the concerbration falls rore aslowly umbi}

4 reachos & point some 8080 minutes belore the end poind, 'l'tam
now falle emmy sharply uﬂlii the ommosrtrabion i? soro, It la inberesting
o notice that the formldelyde o-moentration is reduced to almost lalf

ite ilnitial valus before any spmreciable amounte of #ugare are forumed,
| e 4o formldehyde enters inte this phase of repid ﬁmf;&m
roduolng substances sppear in sppreciable amounde, The long induction
pariod as shown by the slowly rislng sugar curve, would sesm to indicate
thet no apprecisble condenmation is taking plave, or it mey meen thab
condonsation products are belug formed that do nob reduce the reagewte
used o thelr determination, 'lhen reducing sugars Yewve risen 4o a cers
taia level, s resction seems to Lecore subocebelyble for the farvaldew
tyde ls now quiokdy m ond sugar values rise untll maximm 8
reached, A% this point the color change previouely deseribed, ovoulte
After this, the sugnr ourve is lowered rather stoeply for a while, ut
later levels off, I% 18 probuble thet during the prelisinapy phase of
e vusobions there is s elow produsbion of molec:les whioh cen erolise
and serve as catelysts o spesd the resction; In such & manmer the proe
duobe of the condensatiorn progressively emert !noressing eatalytie offeot
and towesrd the end oause it to proveed et & very rapid rate, The sharp
doctonso in both hot end cold reduction afber the yellaow end polint must



be abtwrilnbed to further changes in the condemsation products, The
fact that the maximm cvoncentration of emall suger ulﬂulu (i hydroxy
aseetone, glyoeric sldehyde and glyeolaldehyde) ae shown by cold rodubw
tlon ooours sevedice before the hod reduction mximus suggests thad
condensat ion of the emiller wolsoules %o larger cnee coours during the
inberval betwsen cold sad hob veduoblon maximms Orthoer end Oerish®
using lesd hiypdroxide as a condensing sgent end ul'-lilmmm
of 100 dugrees Centigrade obia.ned a suger curwe different from ours
in soverul respecte; The broken line curve en flgure VI approsimates
the detarninabtlions sade by %hese wrkers: Tiwir rasction appesvs %o
bave & sharter lnduotion paricd and a slower rise in reducing walues
Orinner eod Gerish rau no forsaldsipde curvess Thege worlere have
suggested that the redusing walues represenied oo the lower pard of
thelr curve are due to tie presence of Uw priary produsts of the
sueadonsetions nenelys glycolaldelgde sud dihpiromymcotone. ihey found
L6 seccasery W uee strougly alimline copper reageute lor estivating
Liese suleiances Uy Shelr oold redueing powers Cold reduotion debers
sdnetlons sade by us with Semhilet's mpm whioh was slso used by
Opthuee end Gerish gave resultc oouparsbile Go theires

The tabls below liets hot and cold redustion valuss hé & blank
resction and Doy one catalysed by 0.87 millimelee of glucoses, Sinoe
the Lol and cold deberuivalions were sade with differect remgemts,

for ans of whioh {celd reduwotion) we have no glucose oonversion factor,



the valuse reported are in terums of milliliters of 0,008 ¥ thiocsullates
Because of this, the fizmes should be compared only in s qualitative

AN,
Table VI
Blank Nesotiom Tatalysed Resction
Leduotion in mi, 005 W fleduction in mle G008 ¥
thiocsulfate thiosul fabte
Tiow Bot Cold Ting Hot Cold
4] ] 4] & 4 0
30 0 o 80 2,0 4]
&0 4] 4] 48 Jed . 840
78 0,8 0 BO Ba7 18,8
i20 Ond 4] 4] et 18,0
136 Oedl 1,0 87 8 2446
160 0,00 4.0 8o 0e8 26,0
108 Ge12 10,0 61 11,8 B0,0
T eee= 1540 63 14,1 Pnd Polint B0
109 10,00 £3.,0 ab 18,1 27.0
172 13,40 tnd Foint 16,0 % 1048 2640
10 8,70 13,0
Fallinclrodt's 1ime and Yerok's formaldebyde used,

g

The eold redustion relstioms in teble VII ere Dether showm Ly the ourves
bolows
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1% i sppareant thet whpbever condensetion products are regponsible for

the oold reduotion, (hey recch a maxlmunm conoentration before the

It ie possible thet the eondensation of these sowmllier

color end point,

molecules into larger onee is resporeibdble for the continued riase of the

"~ hot reduvotion curve,
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fedueing eubstances debermined on catalysed recptions, show 7
ourves quite similar to that of the blenk reactions A serise of typical
eurves showing vardetlons in formaldehpds and sugar during cetalyeed
condensation rosotions is gham in figures Vil « XI inoclusiwe, In all
oasos, however, the curve iz shifted toward the sero point because of
the ghorbening of the ¢ime of tho ond peint by the cotelyst. It is easlly
“mtmierauwmﬂsuﬂwhmm
ehape, in all oases the forwaldehyde eonsentration dropping off sharply
au the suger concentration rises,

Although the sugar swrves hsve the sa~e slope, the mz.}m to whieh
they o varies, Columm A of Teble VIII below gives the yellow end point
tinoe for a seriss of condensation catalysts, while column D showe roe
ducing values at this point, Ae noted above, the reduvoing values are
mxionl ot the ond polnt, |

Table Viil
' A 8
Catalyst (0,11 i,1/200) End Foint Uge Reduoling Sugare
Sorbose 6g ) + ]
Heduotons GB 1769
Lov. lose 87 1007
Galaotose 70 1666
lnltone 73 1636
Gluoose e 1647
lammnge 7 14686
Cellobiose G4 1186
lanolketohoptoes 86 1600
Giunooheptoss U8 1578
Inmoheptose 66 1600
Laotoge 8 1461
Apsoybio Acld 08 1664
Galaheptose 100 16508
Blank: , 180 1860
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It is evidenb that in certaln cases thore is o reletionship between
the time of um;yuu and the swount of sugare formed, Sinve this seens
o apply o only sbout half of the conpounds investigated 4t le 41ffle
oult to explaln such & relabtlonship, If in o series of resctions, the
ind of eatelyst io kept conmtent, and the time of condensabion shortened
by ueing progressively larger assunts of catalyst, resulte =re obtained
that are mbh to those 1o table 1K

Table IX
¥3118rnlas Sluscee Time Hge Sugay
por 100 ml, per 300 mle
0,87 6% 680
0,11 T8 . 1647
0 {blank) 150 1880

Although the relatlon of the color end point to the formmtiom of
s mxizum amount of reduoing substences hae been disoussed, 1t should
be kept in nind that such & point o nob reached wntil the Sormaldehyde
has been completely condensed, The dependemse of the coler end polnk
upon this mininum concentration of formaldehyde is shown by the mteriel
to follow, |

Under the oonditions of our worlk, 0,27 millimoles of glucose
osuses 100 milliliter of formeldelyde to condense in siztye=four minubess
For this study, three condensatlon resctions were started, each of the



58
three tubes oombaining 100 milliliters of formaldehyde, four grems of
1o and 0,27 millimoles of gluecses ALl the tuboe ehould heve shown
en end point in 64 mimobes, fTo the first tube five mi11t3bers of
four per cent formaldehyds was added for mimbes before the end point,
Suoh trestmmnt delsyed the end polnt two mimubes, Five mi1111iters of
Mwﬂfm&%mammﬁhmmwm,m
ond point, oausing a fading of the yellow colar, Another end point,
however, appeered ten minutes later, The third tubs wee treated with
& 1ike amount of formaldodyds just as the end point appeared, In this
oase, the end point wme delayed urdil four mirutes later, The sbove
experiment ie tebulated belows

End Moint
1. B =i, HOHO added at GO mimubes 06 minubon
% 0§ ml, HECUO added st 06 mimtes 74 minuton
Se © 1, HOEO addod ot 04 minutes 60 minubes

ﬁrn‘mmttuﬂhtumm ond wes added ot o time when the
scondenieation pechanime ware very astive, Lhe eomoese rengent leing used
up in two mimubtes, Tube mmber throe shows thet at the end point the
aotive process had begun 4o elow down, the exocess [fovmeldelpde requir-
ing four ninutes for condensetion. This fset ls substactieded by tube
two bo whieh the formaldehyde was added after the oolor chenge. In
this ocass, den misutes were required to cuderse tho excsss lorunliehyde.

The oheervatlon, that during m certalin sitage of the reactbiony



i
formaldehyds 18 very effectively condensed, lad %o certaln spooial
studies to be disocussed in & weotion of this thesic ontitled "Freperation
and Properbtles of the Condensation Syrup," |

18 of the 4 Sotem1fues?® discoversd that

eartaln sugnre catalyoe the formaldehyde oomdensetiion, Musin hﬁk
showed thet sompounds having an endiel group or oapable of forming this
mbyﬁh-mh shift of e hydrogen atom are catalyets of the
oondensations In an sathenmpt bo beatber understand the relationship
between molecular structurs and catalytic function, we have imvestigated
the relstive activities of a mmber of campounds, In teble X, the
anounk of corpound used es catalyst in the condonsation of Mifty millle
liters of four per cent formaldelyde by two greme of lime, e 1iebed

at the hend of omoh column of flguress The time repressnte the mwiber
of nimtes olapsed from e mommt ad whish the lmmamﬁm
formldeiyde, until @ colar end point appeaveds Nefore the lime wae
‘added, the ocobalyst was dissolved in the farmeldelgde, and the solution
wrand 1n the water bath % the reaction bemperature (40 degrees Comble
grade)s The catalysts heve bomn arvengsd iz %he ordsr of sotivity, a8
Judged by thelr setlon at Sie highest consendyations. In thic worlky

an atbaupd was mede to use coupounds of high parity, Ssveral of the
substances were propared in our hbwtﬁarsr. foms of these preparadions
are referred %o Delow,



#1liprane por 100 ml,

#11tmoles por 100 »l,
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iydrexy wethelens glycolaldehyde (redustone) wee prepared by the
mothod m’.‘} Suler and tartiuedd, 7The Lebavior of this and other compounds
iz elinline solubion, willi be dlsouseed later,

Glyomml prepared by & method desoribed by Houben ves elnost ldemtiosd
in properties, with o commereinl sawple (Kahlbaunm).

Ulyoolaldehyde was prepared fyom & hydroxymalelo seld as desoribed
by FentoniSs imen diryiremymeleis eeid is heebed in s waber solution
to 60 degreee Conbtigrade, an equivalent amount of glycolaldehyde is formeds
Standard solubions of the eold were made up and hoated to yleld the
glycolaldenyde, which was thon added to the scndensatilon tubes fwom
e miore Lurette. ‘ |

Aldomic aoide wers jerapared by the almiﬁis wothod of Isbel1l?,
in this procedurs, the appropriste sldose sugsr is mhué. o the
carrasponding aeid, by hypobromite ion formed when a ourrent le¢ paseed
through the solution of the sugwr and suitable bromide salbe This methed
oliminates the uss of excesuive amownts of Lwomine, & sericus fauld of
enriier procedures, Uepested reorystellisetions of aldonie acids pres
pared by this method gave compounds of e high degree of purliy,

Calacturonio seld and glucuronds acid were furnished by cerbain
other experiments in which the writer wmse actively interested, Tie
galeoturonie aold wes prapared firom puatin by ensyme hydrolysis and the
gluovronie aold from bormeol gluouronate cosarding to Guiokd?,
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We are greteful to Dy Cp 8, Mudsen of the lationsl Institube of
Health for the samples of heptosa sugars, %o e, J¢ ¥, B, Matfeld of
the University of Chicago for the hydremybutyric soide end te
Dr, Dy Ly Smits of Favoes State College for the kojie ecld be Sernichet;

focordiing to Tusin, & substancs acts as & eatalyst in the formalde-
hyde condemsation beenuss 1t forus ‘nhermedlate producte with flvet ore
end then two nolecules of fernmldshyda, In his soheme, the following
charny e are pogtulated:

Hg oy R on
€ H . ¢ €
I TR
R—€ =0—R X poolt - R—~¢~¢-R > R—-C-C-R
o 0 B b
B = e ¢
5 R
Enol form of Formaldelgnie Inows addition compound
senpoln (hydreted) o - (a)
Mgl
i ol : \
2 0 " | neow
1 " o v - H B
R-C—C—8& 2 280 > R~TCT-C —R-—>-R—~C-=—RI+-8BC—C=40
" 4 " t 1 0
g O : o € H
" i B
(m) Penacin Glyeolsldshyde

ir eats;lyuia n'arm socording So such a schems, it would seem

1ikoly that those conpounds which most easily furnish true ewdiol groups
would have Ghe greotest activity, On the other hand, eonpounds with
ongor both of the hydromyl groups replaced with less liable groups would



be conslderably less active,

Yrom - study of ew listed 1n dable X 1% ip evident that
they my bo dlvided lmbo three geveral groups, The firet or most active
group includes the first 85 moleoulss, Nost of these ore known %o
enslly furnish endlol greups, many of m soupounds belng glople oldoe
1otone pughre, Thers lﬁ. however, eeveral szceptions to &hw el ple
sugars inoluded in the firet groupe TFoseible smol forme of these mile
otances will be trlefly dlseuscels

Anduotons, as studled by Buler and Vertlus, may heve any of e
three following forne in solutions

EO E 0 E 0
e Q- ¢~
HeoR ¢c—om =~ e =0
1 ('n / (
BC-0 HOOH ~ BOOE

R

Tt 1s 41£7cult o postulate  meohanlam of catelysis for 8 canpound
mown ¢o have sush & varieby of forms, Towever, in allmline sclution
the endiol form should be faverad, Anobher molecule inm thie fived
group that pay exist in soveral forme s glyomal, In elksline solutiom,
t!wm“mpﬂ:ﬂinhuﬂiﬁru wpclmrm. The
trimeric form doss not reduce Febling reagent but does give o uu-ru_'
nirror with smeonical silver sclutlong. The polyseris feor: on the othey
hand doss redues Fehling's eslutionss The glyomal which we propered



g

by onidising paraldehyds, pave both rscotions, indloating ¢imt 1L was
prolably e mizture of the two, A possidle struetuore for the triverils

molescla as sucpested 2 mdensre iss

] "M

i\ i

L) ]
1] " B 1]
"ﬂ~ﬂ-\c~{‘§\f'-tﬂ - 0=0-=-8 =0 — 08
LY " ¢ L= it o 18 L 4]
o il w t} L8] B ,-: P

The position of glyemal in the list of catalysts seeme to ruls out the

poasibility of an epprecicble comsentration of eny suoh enslie molecule,

Clyomal may possibly umdspyo & Cannissare resotlion to give the lees
aotive glyeollic seld ase

"
0 - 0 eoon
+ 0.6 ? 1
¢c- 0o ° ¥ COR
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The bojlle nsid molecule hees a atruwoturs that gives 1% & unique form
whan and i€ 1t enolisne,
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Mﬂmghthq'mﬁﬂmmnﬂmt-ﬁmﬂt 1o the theory
postulated by fusin, the coupound ls reted among the moot rapid
ontalysts, It 4s possidble that unler the nfluense of the steong
alimli further smolisstion furnishes more resctive grouped

Asoorble aold, having an endfol structure oven in sold solufion
w22 gt Piret sems to he an Ldenl oobelyst, Tte position In the ieb
doon nob bear this outs Destruction of $he noid would be expected %o
poor der the eoxdttlons of the experiment, theredy lowering ite
effoctive catalytie notivitys This possibility seems of less moment
whan thy relstive activities of verious comentrntions of asowrbie
pold sre oonsidared. Olucosmnive, tioough snolieation, should furnieh

an i nowanols

W

— ﬁ {

- ﬁ—.nn

Although this structure does not rit well inte Tusin's acheme, 1¢ ig
poseidble dhat the continued action of allmll upen the catalyst cavmes
e wandering of the double bond down the ohaln and the produstion of
an endlol stucture, T asurse the smine-ancl structure mey eot
directly as o catalyst,



The second group of catalyets begins with oanlolum mammonate and
inoludes the next ninsbesn compounie, down %0 and inoluding gluberio
sold, The majority of these molscules are soide with » hydremyl group
edjoining the cerbomyl groupe. Such cempounds in alkeline solution
might furnish endiols by the emolisation showm below

On
/i
Coosn g=90 ¢ B
! r 4
HeORN ReoB - an
{ ! 1
R : R g —08
!
R

In the condensation pesobions sush soids would be combined with didasio
calotun, the onolisation them furmighing two endicls per molecule of

palts
0 —Ca—0 /80— ta—0
Clme O g=-0 8 — 0B O—i
\ ' A fi
nc— on HEOH & —on £ —l
| \ t {
R R R o

it should be pointed out that cslolum pluconate presents ancomlous
behevier in that ite catelybie sotivity places it in the group of post
active catalysts, Appepently the configuradion of this eompound favors
enolisation %o n greater extert then so Lar cbheerved in other swyar

anida,
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Although the smino acid, aspartic seid, 1s imoen to form an L
soluble compound with cslelvm, 1ts funotion as o catlyst seams to indie»
eate thet it 1 not ecmpletely precipiteted under the conditlons of owr
exporimenty This eonpound might enolise as en emol and en emlneeenol
at the veme tlmes

' o i o
m{mt gi ”88
n : o

| . 0 I s OB

0/ el

o . on

The third division of table X inoludes & mmbder of styruotures,
none of whish ever$ any sppreoiable uh:&yui‘ sffoot, Ao has been showm
previously, certein of these molooules ihﬂl‘ﬂ aoids} ere theoretlcally
able to furnish endiol groups, Thelr inability %o appreciably catalyse
the ecndensation may possibly do & measure of the extent of thelr emolie
gation, Other compounds in thie group have potential emol groupe, these
slso are quite imert, Cerbalin of these moleculss form omly perdially
soluble salte with osloium w= a fact which might seriocusly interfers
with the campound funeotioning as o catalyst,

A nore mm&- relationship between structure and catelytie
aotivity is showm when related molecular structures are compared, Sueh
o comparison is given in tables XI « XIll, in which “1;1 of the
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eatalysta sre grouped together ta contrast related configuratioms:

Glyeolnliehyde

Olycenld

Glyoollio eold

Olyotne

Aoetic aold

Table XI
CATALESTS WITH TWO CARBON ATOMS

ftzucture
[1] 4]
B — ¢ =90
O
B

L ]
0 = € —=¢
B
H —¢C = 0
2 4]
i i
i
e — ¢ = O
!‘I. 0

|
8
ﬁﬂ—ﬁ ::0
b | &

B

Nitlllennlos Catalyet

G460 1,11
£¢ mimutes 86 mimmbos
40 pirnoden 67 minutaes
54 minutos 116 mimubos
180 mimteon ——————

Compounds having four oarbon atoms are shown im table X1, Aside
from the fact that practically all those compounde ave only slightly

- setive, the ten waristions Iin structure emble us o drew certain done

clusions reletive ¢o the sebivity of thess ostalyste,



Table XII

CATALYSTS WITH FOUR CANBONS PER NOLECULE

Catalyst

Teythrovic acid
leotone :

2,8 a1 O butyrie
aoid lactone

hepartic acid

- taleto acla

n R
6=0~C~C~0 =0
o ¥ mugo

112wl ontelyst

8486

T2 winutes

70 mimben

23 mimbes

108 nioutes

1,11

116 minubes

3110 mimrbes

0% mimutGen

116 stiamioe

118 vimtes

1B¢ mimmtes

127 nimrtes

121 nimntes



Table X11
{Continued}
Catalyed Struoture ¥ 1lienoles vatelyst
. B8 1:11
. "8
Tartario scid G=8-C~C~C=0 188 minutes 187 sirutes
0 0 0 O
H B 8 8
Q
f # 8 B
0~-0~C~¢ -G H
/ " B 8
Caloium betyrate On ' 4 186 mimmtes 150 minubes
# 1
~¢g-¢ €8
w B B R
0

Part one of table Xil!l coupares vericus glucoss derivatives while
port two eonpares gAlactose compounds and the last part, manhoese derives

Sivess
Yable XIIX
CATALYSTS WITH SIX CARBONS PER OLECULE
Catealynb Structure Villiemoles cotalyst
' B456 2.22
B B & = '
Gluacee B~ ::l~ 6~0=0 32 winutes 54 minutos
0 O O )
B ! 4
H 8 0
Bluconie seid e — Lt’: —e-g=0 48 minutes 47 mioubes
o \3 0O O
| " H



Tabls X171
{ Continued )
Cute lyst ' Spr.oture Hii1liemolae csialymb
| 5,50 2,28
B 5 B B
Glncopeanine m~l§r 6= =0 45 ninubes 50 minutes
3
E B W
~ s
tmTetra metlyd B Rt T J——
glucoee ‘
Alpha methyl R T R —
Llucone
R H# e
Galactose m~lcl—c~c=o 52 minubes 34 minubes
o Wl o
n ¥ it
. | E B :
Oalncturonio acld 0-¢~ ( -¢-c=0 45 nimrbes 48 =lnutee
o -
B B R
B B §
calactonic aeid m~(: -g-¢-0 74 simites 78 mimutes
o ol o o
H I E B
;
tuele aclid uch‘ —0=0 64 vimrbes 84 nlmbos
0 o
g B
T R N B
Yernope m:~\n ~g-¢c=0 3¢ mimsbes 44 mimibag
i ] 4]
% B B
: 8 8 B
termonio aeld z;z:~|c ~8~¢-0 B8 mimates 68 minutes
~ o 'og o o
B OB OB 8



64

It should be noticed thet of the tlwee aldohexose sugars listed
above, twoe are alwost ldentisal in eabtivity,

: The Fffeot of Temparsture 'pon the Rescbions The of'leot of
tompayature on the condsnsabion resctions is hown by the following

ros lte ovbained in detersimations oarried oub at differewd lesperse
Bty

Te poratire Tine of blank resction
80P Gy GO0 mdimutes
40° [ _ - 370 minuten
80° ¢4 86 vinutes
6o® ¢, 26 mimbos

This strlkdng relaticnship between time of cordansation and
Yerporature is also shown by sstalyeed resctions,

M1limeles of oatelyst o ” -
P 3:55‘«.83&”38@
oyt B B B B O B A A B A
Time in minutes
¢lusose 30° 18y
400 55 35 U0 48 &7 6B 65 78 o8 il
s80° 11 011 11 18 W Bl 28 3¢ m¢ &1
opo 5 4 ¢ 4 B g 10 11 & 14
Vymond aps s0° 150
n° 22 2 B¢ 31 37 40 40 50 @ Bl
Bo° T ¥ 8. 95 10 ¥ 17 0 82 20
o0® 2 8 & & 5 6 T » 1
I=firabinoss 40P g0
goo &
Caleiwm Nubyrate 40° 138
o 48

4003

T
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1% is ovident that with the use of sn active oatalyst suoh e
fructose, and & resctlon bemperature of GO dogress Cenbigrade, the
condensasion is extrerely rapid, leoaupe of a- relationship mmm:.ih-
time of condensabion end the amount of vedueing substances formed that has
olrea.y lesn mentioned, sugsr miutlﬂ wers wade on & bLlank
reanction at (00 degrees Uectigrade,

Terporature laximm reduction of blank
e, 1880 nge

0o ¢, Mm;«

The mmil difference showm alove io well within the limide of experie
mental ervor, |



Comoluplons

1 the saotion of this thesls entitled "Standardisation of Neagente
and Conditions®, 1t was ostablished that the kind, Lvand and concertration
of voazerbs used in the formaldebyds condsneation are important veriables.
In the cese of the formeldehyde solutions, it s diffioult to sed up any
absolube standard of oomparison. (ne brand of vesgent may be more csslily
oondensed becsuse of an fopurity ¢hat ewerts a positive catelytiec affeot,
Ancther brand may have an impurity that tends to slow down the condense~
tion, Decause of inoh ar unepredictatle wristion in the reagent, it i»
suggested that future work done on this problem should be carried oub
with resgente that are standardized in scee way before use,

The iime used in the condensation ls ancther variable but this re=
agent is more casily stendardised by compsrison with a Imown pure lime,
in this comneobion, it is recommwnded that uWa studies Le
made ntswh lmes, & number of suoh studies have been wade on the limee
discugeed in an sarller sectiong howaver, the vesulds eve not se yel oo
plate sncugh to be of muoh walus, We are grateful to Dre J. lesran for
ghle holp in the prepuration of speotwosvoplc slides and thelr interpretas
tlong

Uscause of the facts that have boen Wrought out in regard o the
purity of the resgents used, we comolude thet In the condensetion the
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preseice ol cerfaln leguiitivs elther organic or inorganic may marikedly
affect Lhe reseilon mate and suy sttempt to correlate mnﬁ'imﬁg ‘nta
rugt take theme things ivbto consideration, In none of the published
reporbe of work done on tie problem hes this phase been studied,

The produsts of the condensation, studied largely by thelir redude
ing power, appear %o be sugare thqtnﬂ!hnﬂlhﬁmmhnm
The relationship botween the maximm amount of sugars formed, and the
diseppenrance of the forsaldehyde at what we oall the color end polint
hao bees pointed sut. The significancs of such & color end polnt bes
not been nobed by other workers, duo presumshly to the kinds of peapents
usedy Orthmoy and Oerish, in thelr queantitetive etudies, used o colored
sondensing egent {Fb{ol)g)e Certain studies made on a syrup isolated
from the condensation nixbure are dlscuesed in the concluding seetlon
of this (hwele. For & rore conplete understamiing of the condemgation
resstlon, 8 couprehensive study of the sugurs Yormed should be cerried
out, The catalytie hylropmmilon method of Orthnar and M.h scers o
bo ideally suited to such & purpose,

The studies made on the cetalysis of the condemaabion sees to
substantinte the genersl observetion of Fusin that the endinl greup
catnlyses the condencation, From out experimsite we have fonnd that
sertmin other proupe rey possibly cetelyse the resotion, although most
of the rolecules concerned ers theoretically eble to furnish the endiold
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groupe or emarple, 1t seems thal glucceemine probably yielde sn
eninewansl proup undeér the conditions of our work and thet this {umetliens
ae the @m!ﬂie aender, Tolle acld ertalyses the reasbion, tut 1% ie
theoretionlly 41ffioult to understard hew 1% may produce & tyus endiod
groupe The moest reactive molecular structurs sesns te be that of an
endlol formad from the ennlisation of an aldose or ketose sugar, end

tho most reactlive of such sugars are those that have from two %o six
carbon stoms por molesule. The molesular grouping that is esoond in
order of activity ls furnished by the sugars of the first group in M
the osrbon abom st the oppoeite end from the aldshyde group hes bean
oxidiged to an acid group, ylelding s wronie acld, 7The voids formed
shem the aldehyCe group of & suger is oxidiged sye next in ovder of
potivitys In this commeation the anomalous aotivity of glucenie asid

as ompared with munenio end galactonie aolds iv unique, OCluconde

eoid ia preculisrly more notive us a oatalysy 3han ie gelsevusaonie,

As “mo bean previously pointed out many other molecules in table X

beve hydromyl groupe adjecent %o the carboxyl groups Thelr activity
(usually losg than the sugar aclde) may be & meseure of their ebility

to encllices In this comeotion, the configuration of the hydraxy Lulyrie
nolde, presents an lntaresting cose, These m shany veryling
sotivisien which are unioubtedly relsted to specific configwations,

yot our prement 'mowledge is Insufficient for profiteble speculation,

1% s interesting, forr smample, that the lacbone of erytivomic scid

is conplderebly more aotive ther the eold, Drythrowdihydrosy Lutryie



aold is mora active in the higher genoentratlions then is 1,2 tluwooe
dihydrexy bubtyric eold, |

Then one studien the eatalytio rades of warious subetances at
concentrations balow 0,27 »illimoles per 100 mi1M1iters, it 1 obe
sarvod that the order of eotivity may e reversed, Tepeelelly in the
mrnrﬁnm,pmiofhEHMiummnnMQ
tims curves ore generelly very motlosable, The esplanation for this
phononencn e unimown, The over o1l catalytic effect in the formeldehyde
eomdersatlon seame S0 be veferable to & few ohevnateristic groupings, yot
there are modifying effects exsrted by o veriety of etructures which
anter into the total catalysise
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tion and ies of the G Lion

Since the condensation of formaldehyde Ls brought sbout by the
presence of an alialine condensing agent, in our work calofum hydroxide,
4% should be possible to interrupt the ¢ ndensation by removing the
1ime from the solution, Omalic soid maies an ideal m#cm: for this
purposs, DBy andding oxalis soid in slight emcess, the caloium ie quanbie
tatively removed and the solution is made slightly scid, s condition
which tends Yo protect the sugars from destruction, To prepere & mexie
mm amsunt of condensation.product the peastion should be interrupted
Just as the redusing values reach thelr pealk, at ths end polnt, In
suoh o preparation, if the oxalate ie added Soo moon, the produot will
be contarinated with formaldebyds, On the other hand, if the oxmlabe is
added after the end point when the solubion hes defindtely chenged color
the product ls contaminated by brealdown products, Although there may
bs a couplex nmixbure afmhgradmhgm now of only one theat would
have deletericus physlological offects, -This product givoe several
testy oberacteristie of formate, nsmelys 1., & silver anirror is produced
when an lapure syrup is heated with Agi0gs R., merouric ohloride, when
heated with formate, 1o reduced Go the Inscluble mercurcus ealt,

To ottain aproduct suitable for physiological work, ihe condensae
tlon resction chould be interrupted just as the Piret falnt yellow color
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ayyears, In order bo remove fonmbte, the solution muwt be made cold and
the farnde uurmdwmpmﬁiw ard conpeiratlon,

Itmmmﬂhmmnﬂm:nﬂmuhiatmtfw
allelyde sdded to the eondensatlon resetion & fow ulmibes Lelore the
end point is guiekly used up, Sluoce it appeared probable thet et thie
ehage of ihe reactlon there is a large mumber of wotive catalytic
moleoulos present, & method ol cupnr preparation wae worked out thad
tock edvartage of thase catmlytic voleculess

Although it is poseidle te get e syrup fram the ocondensation of
fowr per osnt fmw, the volums of selution and the time roe
M!’wammeiu,—huﬂohmmh
proosed according Yo the followlng procsdures: Two hundred =ililliters
of four por comt formaldelydo (Uereis), eight grems lime (tm21100irodt)
and two hundred milligracs of lucose are plased iz o liter round Lotbonm
flast, The flask is fmmerced iu o weter bath at 40 degreee Costiyede
sl the sizbure ebirved with o glsce sblrver attmohed to an electrle
motor, Suoh a4 mizbure 18 coparatles to other reactions listed in this
peper in which gne hunired millillters of formaldehyde are condensed by
four grevs liue and 0,27 nillinoles of glucose, and should ﬂlqtln'ul
polnt ic 08 nimates, Afber 04 =duubes, or Just as the ocolor appears,
100 willilivers of 56 =« &0 pw cent leyek forseidelyde 16 edded, Vour
to Tive grems of liwe lo aleo added Yo mintaln the proper proportions
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of peagents, The sppeapence of the final end polmt or the dlsappesrance
of formaldebyde, es followed with dlmwedon, depends upon the exect momart
Hﬁ asnoertrated fomeldehyde has bLean added, This end point, bLowever,
ehould sppear within 30=4B mimmtes, Several times in prepering this
pyrupy the 40 per cent formeldelyde wes sdded suppeslily at Just the
proper noment, but eondsneation cooured in from three to five ulmutes
‘patoad of 40 nimubes, There is evidently & point in ¢he condensation
of the four per cent formaldehyde et which the resction is very faste
Yhen this polot happens o be dalen edvaniage of, the nunﬁntiu ie
fast, but the syrup is “bhtwm»mﬂanﬁmuﬂ&m
withiin & minute or twoe Mt'u‘ﬂnc ecolor returne, an uuu {22 prams)
of osmlic aecid, in solublon, is guiokly edded. The nixture is now
filtered and tested for famwte, If the solutlon gives & positive
Sormato test, 16 should be made definitely seid with emlloe or phosphoric
a0l and €9 volume of the solutien reduced eonsiderebls by eveporation
or veouun distillebions With may euch prossdure the temperstire of the
solublon mist not be ralesd to more than 40 degrees Centigrade, If the
Tommbe 1s not lﬂlnl by thie first trestment, s liter or g0 of watey
ghould be added and the solubion agaln evaporated -« preforably by
biowing & strong blest of warmed alr aoross the surface of the eolution
whioh ie sovbained in & large flat dlsh, Men the solubion is free from
foranbe, according %o the mereuric ohloride best, it 1o neutrallesd with
CaCOg, flitered and mm to a thiok syrups The syrup ie now
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talen up in 96 per omt alechal to precipliabe salts in solutions The
ploohol solubion le cencentrated at @ t-uperature mot abowe 40 m
Centigrade, prefereily in e closed sysbem free from dust particless
Duping the varlous steps of mm unnﬂhhﬁnmtﬁi
epprecia le emounte of the syrup is net lost beomuse of Ssproper washing
of precl ltates, ete, A eyrup prepared ss above and thoroughly dried
wel; hed 5‘%6 graom. A sample of this syrup wee m dried in ean
Abdertnlden dryer. DBy Shis tyreatvent, it ws found that thero wes s8ill
1.7 por cont wnter in the lorge batch, Correction for this wabter gives
37 grome of dry syrup. BSeveral smelytlcal determinetione m‘ neds on
the syrup and the pesulis are tatulated Lelow,

Table XIV
delght of syrup from 44 grans forvaldelynie S7e0 grevs
Ash Oe5 per oembd
ladue | ng power conpared to clusose §1,0 per oend
Aversge Voleoular weight (freesing point) 10050
Vermentation lonmfaraertable
by yeast
Seliwenor{ ot “atosos
Fhloroglucinal Sest Fentosos

The glyoogenic power of the symup wes tevbed on ratss Three groups
of rates wore used for this experiment, ald of which wove storved for
24 houps Lefore uses One group wus given »yrup intraperitoncelly, ancther
group by eboemoh tube snid the third group wes not treabed Lut wne used
o8 a cortrol, The anbmals weregiven the wyrup twioe, onoe et 00 A, M
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and agaln at 11245 A, M The anisels fod Ly etomseh tube received &
tobal of four milliliters of a 26 per et solution of syrupe The

ether grovy rocelved a total of aight wllliliters of & 18,06 per ceud
solubion, A% 8300 P, X, She enluals were killed, the livers revoved
and gall ground portlens put Into welghed centrifuge tubes eontalning
2 oo of 30 per oent W, The webhod was so stundardised thet the liver
wig in $he tubss within one mizube after the animal wes killed, The
Wﬂ‘mlﬂiwtdﬁmwmiuﬂw&ﬂhmuﬁ%
¢lon was honoganoud, Ten volumes of 05 per cent alechol ware added and
the tubes reboated to bolling. The tubes wers cooled and eentwifuged
until the glyoogen wes well pecied in the Lotbms, The solution was
poured off and 16 milliliters of 08 ¥ HCL woe sdded and the tubee
heatod in a bolling water Doth for © hourme The solutions are neutralised
and diluted to 60 milliliters, suoh a dilution giving a sugar concenlyme
tion of proper strength with the swagent deseribed in the seotion of
"lethods of Avalyelis,” The mllligrmmws of gméu found is multlplied

by 0,08 %o glve the glyocogeon squivelent, The results of the superle
mert are tebulated Lelow,
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Saple glven by Yielpht mh Ili:;w Glyoogen Avarage

(e % 0,08) per oemb por oent
intraperitoneally 31,3140 453 0,846 0,81
' 1.1767 05 04861
1,8616 B Oa 147
10827 £ 75 0,806
10084 ' 1,67 - D004
Stompoh tube 1.8804 1,70 0,118 .19
1.131¢ 1,20 0,110
1,450 1,80 : 0,007
1.3017 2.10 0,166
o8008 7400 - Dy818
Control £42347 1,6 a,080 a1
1,618 MaB28 0. 180
1,8007 (g B8 {500
2.6108 8400 (100

The liver glycogen in normal normfmeting rate ic frem E to & pew
oan® of liver weight, In fasting rats, the level may very from 0.8 %o
Os3 per oent, The figures In the above table ehow that the fasting
rete were good sontrols and that the rats fed on the syrup were nob
ebls to use 1t for the production of liver glycogens
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