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W8ehler, by his classical discovery in 1828, was the
first to reveal "the possibility of the synthetic production of
those compounds which occur naturally in the members of the ani-
mal and vegetable kingdoms." Later on Kolbe synthesized acetic
acid from its elements. Berthelof soon followed by building up
the fats. Thus, little by little, the chemists gave up the view
that 1t was impossible to build in the laboratory from inorganiec
sources those compounds naturally in the animal and the plant.
These discoveries, and the recognition of their signiticance,
opened up to chemists & new line of investigation;: and‘since
then, syntaetical organic chemistry has been found to be "a
fruitful field of research". Thus, the two independent sciences,
biology and chemistry, have been brought in closer relation and
the new compound science called bio-chemistry has sprung there
from.

Notwithstanding the fact that a great deal of work hsas
been done.in the field of this alluring and fascinating science,
we are inclined to over estimate the work done. We must abandon

the fThought thet the chemical changes that take place in the

living organism are fully "understood and can be duplicated in

b
the 1aboratory".a On this point, Professor MePherson says;:

"While of course it is true that many of Uhe compounds in the
living organism have been synthesized and that the number of
sucn synthesis is constantly inereasing, yet we must not forget
that the chemist's method has never been, in detail at least,
the method of Nature. Indeed, &8s & rule they are widely diver-

8 Science, Jah. 27,.1911l,
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gent. We are apt to employ powerful reagents, many of which so
far asois known, 40 not exist in_tne organism nor in the medium
from which it draws its sustenance. The drastic treatment to
which the substances are often subjected arnd the temperature at
which the reactions are carried on are gll in the greatest con-
trast to the conditions wanich prevail in the orgenism in which
the natural synthesis is effected.” He adds, that a"in &

fgw cases the laboratory methods employed more nearly approach
the conditions which prevail in Nature and such synthesis always

have greatly added interest, at least from & theoretical stand-

pOint. ”
The important role that the carbohydrates play in

the economy of the vegetable kingdom has been recognized, and it
is but natural that many investigators in bio-chemistry have
bent their energies toward solving the problemsg perteining to the

synthesis of the compounds in the living organism, since their

solution "will be a step in tne direction of gaining some under-
b
standing of the synthesis of lire itselt".

c
In 1861 the Russian chemist, A. Butlerow synthesized
Phis was aceomplished by boiling tri-

He

a sugar-like suvnstance.
oxymethylene, a polymer of formeldehyde, with lime water.
named it "methylenitan™ and provisionally adopted the formula,
0331406 and, supposing that the trioxymethylene condenses, Or
polymerizes under the influence of the alkali, represented the
probable reaction by the following equation:

4Cg Hy Oy, = Cy Hy, Og + C Hp Ose

| 8:  Scierice, Jan. 27, 1l91l.
b " "Ihids

¢cs Compte rend., 3. p. 1l40.
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Butlerow , at the conclusion of his briet earticle, states that
"it is the first example of a synthetic producetion of & substance
having certain properties of a sugar-like substance 0y means of
the most simple methods of Organic chemistry."

Ihe above work proved to be of the greatest signiri-
cance as it serves as a stepping stone toward one of the ultimate
goals ol the chemist - the synthetic production of the supgsars.
Moreover, it tformed & foundation pillar upon whicn Baeyer later
based his famous hypothesis.

Baeyer in nis ingenious hypothesis, suggested in
1870, assumed that the first stege in the synthetical formation
of earbohydratesgs by plants was, "first, the production of Tormal=
dehyde from carbonic acid, and second, the formation of sugars by
the polymerizeation oi the aldenyde."b The equations representing
the above are usually given &s follows:

€O, =CO + ©

HEO = Ho + 0
€O, + HoO = CH,0
6(0320) = Cg le 06

We shell not attempt to discuss the various investi-
gations carried out to prove the validity of the tirst part of
Baeyer's theory. Suffice it fo say that their results are con-
flioting end that no definite conclusion has been reachied.

Loewc in 1886 built up a sugar-like substance Trom
formaldehyde by means of an excess 0of milk of lime. He called
the substance "formogse" and gave it the formula 06 12 & RN )

o

a. Ibid.
B, P. Haas and +. Ge. Hill; "An Invroduction to
the Chemistry of Plantv Products". p. 1l5Z.
ce Je. prakt. Chem. 33, p. 321.
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1905-06 E. and H. Buler> studied the course of the action ot gl-
kalies upon formaldehyde and the conditions affecting it.

Lhe present work was undertaken to calculate, if
possible, the velocity of the reasction between formaldehyde and
the alkalies, Ca (05)2 and NaOH.

The first experiments were.carried out with Ca(OH)z-
the method used by Leew. Preliminary experiments were made by
mixing one liter of formaldehyde solution with an equal volume of
lime water. After standing six days at ordinary temperature there
was no change in the formaldenyde, but the alkalinity had changed
considerably. This experiment was repeated, except that the mix-
ture was shaken for half an hour. The same results were, however,
nega;ive.

In the next experiment, milk of lime was used in-
stead of lime water; and the mixture triltered rapidly and allowed
to stand. After a few days there was no evidence of sugar torma=-
tion. The experiment w&s repeated and every twenty-Iour nhours

samples were taken for the determination or the iormsldehyde, alka-

linity and refractive index. Results;

Per cent. of Alkalinity grams. Refractive
Hours Formaldehyde Ca(OH) o Index
0 .18 . 005747 1.53§8
24 o0 003181 l.3264
48 03 001806 l.3362

a. Ber. d. Chem. -Gesell. Jan.=Mar. 1906. pp.39-45.
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The determination of the index of refraction was omitted in

all subsequent experiments.
In the next two experiments, which wers carried out in a
| Q . ‘
constant temperature bath at 20 C., the conductivity of the mix-

ture was also determined.,
The results of these experiments are given in Tables I and

11, and the corresponding curves follow them.

Téb1e I.

Time Formaldehyde in  Alkalinity in  Conductivity X
Minutes 1l cc. 1l cec. of 1lOcc.

(cc.N/20 NHy(SCN) P (Grams Ca(OH)y) H,,0
0 11.4 . 006325 ¢ Q026182 ~mrmenan
405 1l.4 . 006265 » 0026182 <somwecax
20 11.2 . 0056957 .002728  ,00008b4(a)
135 11.0 » 006783 » 008628 ~-=-----=
180 10.8 . 00bb66 .0029507 ,00C1305(b)
225 10.6 .006422 sO0RB1BD  wmmrm=iw
270 10.4 . 006305 . 0023095 0001470(c)
315 10.2 . 004988 .003955 -
360 10.1 . 004771 .002865  .0001381(d}
405 10.0 . 004636 .00226156 ===-r---
495 9.8 « 004410 .0022197 .0001328(@)
580 9.0 .004120 .0020704 0001770
670 Ted .005864 .0019945 ,000280
760 Sed 003542 001796 000691
850 0.6 002494 +D0LTREE  swre~wna=
940 0.1 . 002530 +ROLTEVD memma- -

Average of (a), (b), (e), (d) and (e) = .00012Y

.
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Table II.
?%me Formaldehyde in Alkalinity in  Conductivivy of K
Minutes 1l cc. 1 ecc. 1l cc.
(cc.N/20 NH,(SCN) (cc.N/20 HCL) in 10 ec. Hy0
0 12.0 4.05 001968  ==------
60 11l.4 S . 002362 . 000371
120 11.0 DedO « 002346 000316
180 10.6 de4 . 002308 000299
240 10.6 Dok 0022265 000224
300 10.6 323 .0021988 .0001795
560 10.2 360 . 0021076 LO00197
420 10.2 2690 « 00 000168
480 10.2 2.8 002003 . 000147
540 10.0 2l . 0020056 . 000146
660 VeB 2e6 . 001816 «000133
720 9.8 2605 . 001816 000173
1440 | 9.0 1.8b sQ0L730 smmew—ws
1800 4,0 le65 = @0 smeeeme ececcaes
2880 e 1.5 = e iy . SRS
Average of K = .000214
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The experiments with NaOH are based on the conclu- -

> , a
sions of me. and He. &uler. These investigators examined the
general conditions of the concentration of formsldehyde and
NaeOH, and the boundaries for the formation of sucar. The follow-

ing are their conelusions:

I. "PThe councentration of formaldehyde at the be-
ginning of its cnénge into sugar is directly dependent upon
the original concentration 0I tne formaldenhyde and the soda, &8
the formation of sugar can always be Observed only atrver tine

change of & certain amount ot tne formaldhyde into Tormate and

methyl alcohol.™

II. "lost favorable for econdensation is a concentra-
tion of NaOH of a little less than one-nali of tne aldehyde
concentration. An increased amount oif N&OH with uncahanged con-
centration ot tne formalaenyde'favors the formation of formate

)

especially noticeanle in concentrated solutions.™

Phe table from which tanese conclusions were

drawn is here given.

sa. Ber. d. Chem. Gesell. Jan.~Mar. 1906. pp. 59=40.



Formation of Formate before beginning of

sugar Mormatione

Concentration of
golution at be-
ginning.

Concentration at
beginning of su-

before change into
gar formation.

Sugar.

Formaldehyde used up

Normality
Formaldehyde- N&OH

Normaliq§
Formaldehyde - NaQH Per cente.

Ssl Je8 0.50 2ed 76
1.2 Qo6 0.40 Oe 20 67

Oeb Qed 0.26 O.13 57

Oe4b Lol 0.19 0,97 o8

0.45 0.22 0.27 0.13 40

0.30 0.90 0.18 O.84 40

0.30 O.72 0,18 0.66 40

0.30 O.12 0.20 0.07 53

0.15 0.36 0.09 0633 40

The folluwing table of curves is the work of the same

investizators. They state that the curves show the rapidity with

which NaOH, under different conditions,

dehyde.

is used up by the rormal=-

Thus we see how the first-third of the NaOH is used up

rapidly while in the turther course the NaOH content is sinking

only slowly until the tformation of sugar takes place, (in top

CUrve) .

This holds true also when the total contents of NaOH

is not sufticient for the neutralization of the Iformaldehyde.
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As suggested by these authors, the concentrations used
in the following two experiments were:
Formaldehyde = - - = = - - = 9 erams to 1000 cec.
NeOH - - - - = = = = = - - -48 grams to 1000 ecc.
One liter of each solution was heated to the temperature
chosen for the reaetion; (68 C in the first experiment, and 70 C
in the second), mixed at that temperature, and placed in a con-
gstant tempersture vath. The results of these experiments are

given in Tables I and II, and the corregpondins curves follow

them.

The constant K was calculated from the formula for mono-

molecular reaction or reaction of the rirst order:

K = B | log & .
¢ a - X

K was also calculated by means of the rormula for second
order and third order resctions. Both of these gave unsatistact-
ory results. In making up the average K, only those constants

were used as indicated by the letters opposite them.



Taple I.
Time (ce.N/20 NH, (SCH) (ce.N/20 HCL)for K
Minutes for 1 ec? sol. l ec. Solution.
0 15.8 1P, SRR e R A I
15 15.6 1.15 .00187 (a)
30 16.5 1.09 .00143 (b)
45 15.4 1.09 .00128 (e)
60 16.2 1.00 .00150 (4d)
75 16.1 .93 .00143 (e)
90 15.0 .87 .00139 (f)
105 14.8 .83 .001ob (g)
B 14.8 .83 .00135 (h)
135 14.8 o7 .00120 (k)
150 14.8 oF .00108
180 14.8 e 66 . 00102
210 14.6 .66 . 00097
2840 14.6 .63 .00085
270 14.6 P . 00075
300 14 .4 540 .000832
330 14.3 .40 .00083
360 ——— ¢e33 = memmeme-
390 13.4 e 33 .00154
420 12.8 . 30 . 00386

Average of (a), (b), (ec), (d), (e), (f), (g¢), (h), and
(i) = .001444.

s F e
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Table II.
Time cec. N/20 NH (SCN) ce. N/20 HCL for K
Minutes rar 'l Ce. S0l. 1l ee. Solution.
0 15.8 TP oo e b T e e
30 15.6 1.083 . 00093 (a)
60 1542 .983 - .00150 (b)
90 15.0 . 866 .00138 f{ec)
120 14.8 . 786 .00135 (4d)
150 1447 o ¥ .00122 (e)
180 1446 666 .00113 (f)
210 14.6 .6 .00098 (g)
240 14.6 .566 .00085 (h)
270 14.30 e 533 .00102 (i)
300 13.50 .483 .00195
315 12.90 . .38 .00358

330 12.8 335 00364

Average of (a), (b), (e), (4), (e), (£), (g), (h) & (i) = .000118.
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The chief conclusions deduced from this work may be
summarized as follows:

I. When the concentration of the Ca(OH)2 is small,
condensation of formaldehyde to sugar apparently does not take
place. The same thing is true when the concentration of the for-
meldehyde is large. In both cases, however, the Ca (OH)2 is con-
verted to the formate and the greater part of the formaldenyde is
condensed into formie acid and methyl alcohol.

II. With excess of milk of lime at 26°C the condensa-
tion to sugar takes place comparatively slowly, particularly when
the concentration of formaldehyde is considerable.

III. The figures for K show that the reaction, as a
wnole, is not one of the first order, but that the {irst stage of
the reaction is probably ot this order. The last stages are more
complicated and no satisfactory resulus could be obtained Ior K.

IV. The formula, 6CH;0 = 0631205 or,
6H.C °
H

compounds, °63139

0
= OHE.OH.CH(OH).GH(OH).CH(OH).CHIOH).C = (& mixture of
6) usually given to represent tane polymerization,
or "aldol condensation", that formaldehyde undergoes in the pres-

ence of an alkali, does not sufficiently represent what actually

taizes place.

The behavior of formaldehyde under the conditions
in these experiments shows that the change is far more complicat-
ed than the reaction suggested above would seem to indicate. Pro-

bably a portion of the formaldehyde always undergoes the following

- -



®
)

change:

Q
2H.C X + HO = cason 4+ B.COOH. This is also indicated by
the results of 8. and H. Euler®. Bvidently, the reaection takes
place in different stages. In regard to this, Meldola, in ais
"Presidential Address," (Journal of the Chemical Society of Lon-
don, Volume 89, Part I, 1906, pp. 740=770), says, "With respect to
the intermediate stages between formaldehyde and the sugars, where
we nad nothing but aAypothesis to guide us, it may be useful to
call attention to the lster discoveries and theoretical sugges-
tions which chemists have given plant ph siologists either for
confirmation or refutation . . . . . "

"Bmil Pischer suggested looking for the trios, 'glyéder-
ose"in the green plants. Glycerose is known to be a mixture of
glycefic aldehyde and dihydroxyacetone, and in 1897 Piloty indi-
cated certain possible stages in the development of fructose from
glycerose, thus;

In the first place thru glycolic aldehyde to glyceric
aldehyde: |
L PR
CHZOH CHO CHO
In the next place'thru dihydroxyacetone;

CHy . OH CH,.OH
C:0 — C}

CH20H GHz.OH

a. Ber. d. Chem. Gesell., Jan.=Mer. 1906. pp.5Y=40

-l B



The aldehyde and ketone are then supposed to condense to
fructose:
CH,-OH  CH,.OH
CHeOH 4+ €C:0 ~—— CH, (OH). (CH(OH) )3.00.61120H
CHO GHE.OH
To this view there is much chemical, pbut this rar no

biological, evidence."

Lastly, it 18 eminently fitting to quote the words of
Meldola given &t the conelusion of his address. He says, "A
general survey of the state of knowledge at which we have arrived
concerning wnRt is unquestionably the most fundamentsal of all
bio=-chemical processes going on in the living world, I imagine,
leave on the minds 0f chemigsts the impression that the facts
which have hitherto been wrested from Neture are but tragments
of the whole strueture and that our observations &are reslly re-
cords of the state of perfection of certain chemical or miero-
chemical methods of detecting and estimating particular compounds
or groups of compounds, rather than & complete story ol thne

chemical processes going on in tne green leaf.”

wlid
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Methods of Anaslysis Used.

For the anslysis of the forﬁaldenyée the "eyanide method"
given on p. 33 A« O. A. C. 1908 was used.

The alkalinity was measured by the use ot N/50 and N/20
HCL, using methyl orange as an iandicator,

The conductivity was measured by the Wheatstone Bridge

method &as given in Findley's "Practicsl Chemistry". pp. 1l44-101.

ol G



	Janutolo -01
	Janutolo -02
	Janutolo -03
	Janutolo -04
	Janutolo -05
	Janutolo -06
	Janutolo -07
	Janutolo -08
	Janutolo -09
	Janutolo -10
	Janutolo -11
	Janutolo -12
	Janutolo -13
	Janutolo -14
	Janutolo -15
	Janutolo -16
	Janutolo -17
	Janutolo -18
	Janutolo -19
	Janutolo -20
	Janutolo -21
	Janutolo -22
	Janutolo -23
	Janutolo -24
	Janutolo -25
	Janutolo -26
	Janutolo -27

