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VvBel1ler. by h i s classical discovery in 1828 , vvas tne 

first to·reveal " the possibiJity of the synthetic production of 

those compounds which occur naturally in the members of the ani -

mal ancl vegetable kir1ga_oms ." Later on Kol be synthesized acetic 

ucid from its elements . Berthelot soon followed by building up 

tle fats . Thus , little by little , t h e chemists gave up the view 

that it possible to build in the laboratory from inorganic 

sources those compounds 11atux·ally in the animal and the plant . 

fhese discoveries , and tne recognition of their signiricance, 

opened up to chemists a new line of investigation ; and since 

then, synt.aetical or0 anic chernistry has ·been f·our1d to be "a 

fruitful field of researchn . Thus·, the t\vo ir1dependent sciences , 

bi lomr and c.hen1istry·, have bee.n brough"G in closer relation and 

tl1e neiN comJ011n~"'" science called. bio- chemistry he .. s s , r1inR tl1ere 

1·r ora . 

Notwithdtanding t : e fact that a great deal o" worK has 

been done in the field of this alluring and fascin ting bCience , 

we are inclined to ove1 estirate the wor done . \e must ubandon 

the thought that the chemical changes th~t take place in the 

living orga11ism are fully "understood and can be du1)Iicated. i11 
ta, "b 

tl1e laborat0r~rn. 011 this poi11t , Pro-fess0r I\1cPherson sa:ls : 

"\rr!1ile of course it • lS trt1e t11at many of t · ... e compounds in the 

livin0 organism have been synthesized a nd that the number of 

such syntnesis is constantly increasing , yet we rrfilst not f orget 

that the che1 ist's method has never been , in det il at least, 

the . e t1 · d Indeed, as a rule they are widely diver-

a . 'c ienc e t J an. 27 , 1911 . 
b . b i d . 



gent . fe are apt to empl~y powerful reage1 ts, many of which so 

far as is knov1n, do not- e:?:1· st i·n tJ1e . v - organism nor in the medium 

from which it draws its sustenance. The drastic treatment to 

which the suostances are often subJe0tea aL~ the ter~erature at 

r.hich the reactions are carried on are ~11 in tne ereatest con-

1jrast to t11e c 011.di tio11s 'T1nich p1 .. evail in t11e 01~ganisn1 in which 

t le natLlral synthesis io effected .. n Ie o.,dds , t at "in · 

:fe .; cases t e lab .. Jr<:-1 t ory n1e thods em1)l o~Ted more nearly appr oac 

t e c ond.i ti 1 ~ v·1hic.i prevail in 1~at11re and stich syntl1esic alvJays 

have reatly added interest , at least from a theoretic~l sta d-

p ii t . " 

Tle i mportant role that the carb hydrates play in 

the, ec ono y of the veget ,ble kingdo.l as been recog1ized , and it 

is but natt1ral t1 at many investigators ir1 bio- cl emj_strJr 11ave 

bent their energies to~ard solvin~ the problems per1;~inin~ to the 

synthesis of the compounds in the living or5 anism , since their 

solutioI 11 Y~ill be a step in t11e ~i .rection ·f" gainine s 1ne u.na.er -
b 

standing o! tl1e syn"Ghesis :t: liie itse11·u . 

In 1861 the Russian cnemist, A. utlerow0 synthesized. 

a sugar- like suostance . This Y1us accomplis11ea. ny boj.ling tri -

o:xymethylene, a olyrner or· fo ~·maldehyde , \Vith lime ·7ater. He 

nan1ed it " methyleni 'tian" and pJ·ovisionally ad.01)ted t11e f'ormula , 

c
1
n

14
o6 and , supp sing that the trio~met~lene condenses , or 

p lymerizes under the in~luence of the alkali , represented the 

pr bable reaction-by the f llowing equation : 

4C2 H4 o2 = G 7 H14 O~ + C H2 02 • 

a . Scier1ce , Jan. 2'1 , 1 ~1 1. 
1>. Ibid. 
c . Compt . 1·e11d., b3. p . 14b. 
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a 
utlerov1 , at t11e conclusi3n o:f 11is brie:t ai·ticle t states that 

"it is the first exa1nple of· Ei synthe t ic pr'oduction oj: a su.bstance 

naving certain 1Jr0p,.,rcies of' a sugar-l ilre subst~.nce oy n1ear.Ls of· 

the most sim-ple net11ods 01· Clrganic :hen1istry." 

Tne above .~ark ~r~nved to be oi' tne ~rearest s1·~n11·:r~1· -1,1 ...... ~ c.... :u 0 

cance as it serves as a stepping stone tovard one of the ultimate 

g als ot the chemist - the syntnetic production of the su~~rs . 

I.ore?ver , it r r med a foundation ~illar upon whicn aeyer later 

based his i·amous .t1ypothesis . 

~aeyer in nio ing enious hypothesis , suggeste~ in 
• 

1870, assumed hat the first stage in the synthetical rormat ion 

of car bonyrl rates ·by p lants las , " first , the .l.Jroduction o:t :rorrnal -

a.er1yc1e 1·r om c <:Lr tJ nic au id, and second , the t · rr:ia ti n of· sugars by 
' 

tl1e p l ymerizo.tion :r the aldehyde . ,b The equa-r;ions representing: 

the ab ve are usually given as follows : 

OQ = QC) + 0 
~ 

H2 0 = H2 + 0 

co2 + H20 = CH2 0 

6(CH20) = c6 H12 06 
~e shall n ot attempt to disc1ss tne various investi -

gati ons carried out to prove the validity of ~he rirst part of 

aejrer's t1e ory. u:t·-'ice it to say that their resuJ_ts are con -

f licting and tnat no definite concl11sion has been reached . 
c Loew in 1880 built un a sug r-like substance ~rm 

ldehyde by means of an excess o~ milk of lime . He called 

t11e subs t ance " f ormof.,e " and gave it t11e :rormula In 

a. Ibid • 
• p . Ha&s a~nd '.L1

• G. Rill: H..a.11 I nti d11ctior1 to 
tJ1e Che istry o±· T"' l ant roducts ". p . 15G. 

c . J. prakt. 'hern. 33 , p . 321 . 
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1 00- 06 ·• ana H. ~ul er s tudied the course of the ction or al -

kalies unon formaldehyde and tne conditions arrectin~ it . 
'-

The oresent work was undertaken to calculate, if 

p ssi le , the velocity of the reaction between I rmaldehyde and 

the lkalies , 

he :first experiments were carried out wit.a c a( OH)
2

-

the n e th d t1sed by Leew. reliminary experiments were made by 

mixinn- one liter oj.' formaldehyde solution vvith an equal ,volwne of 

l ime vvater • fter standing six days at ordinary temperatl1re there 

\Vas no • ange in the formaldenyde , but the alkalinity had enaneed 

c sid_erably . T is ex-periment was repeated., e}.kCept tl at tl1e mi:x~-

ture rvas shaKer1 fr halj: ~n h ur . ~he same results we1'e , ho.,1ev 1 1, 
.. . ne ..... a t:1 i e . 

In the next experiment, milk of lime was used in-

stead ! li.ne wate1· ; and the mixttire ril tered rapidljr and alloi.ved 

to stand . fter a ±·eVi1 days there v;as no evi e11 a Jj . sugar :r rm'· -

ti !1 . l1e e peri ent as repeated and ever r tv\1enty- Iou1· i1ours 

srunples wer·e take11 :Lor the clete:rmir1ation o:r the t~ or1naldehyde , alJra -

linit and refractive index. le sul ts : 

Per cent . 0 llralin1 ty grains. efrac t ive 
Hours alde1 yde c (OH) 2 Index 

0 3 . 18 . 005 74 7 1. 3368 
24 .6 • 00 31 81 1. 3364 
48 .03 . 001806 1. 3362 

a . er . d . Chem . Gesell . Jan.-I;o.r . 1906 . pp . 3~ - 45 . 
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he a.ete1~mination of tI1e index or· re:f:raction vvas omitted in 

all subseq11ent e;<"_peri111en..;s. 

In tne next two experiments. which were carried out in a 
0 constant temperature bath at 25 a ., the co ductivi yo~ the mix-

ture was also determined . 

The re su1 ts o:t t.he se e~~periment s are given in ~abl e.s I and 

1 , ~na the correspopding curves follow them. 

Time 
]:linu tes 

0 

45 

90 

135 

180 

22b 

270 

31 5 

360 

405 

495 

580 

670 

Y/60 

850 

940 

Table I. 

Formaldehyde in Alkalinity in 
1 cc . 1 cc . 

( cc . Dr/20 1'JH4 ( SCN) ~ ( Grarns .a(O. )G ) 

11 . 4 . 006325 

11 4 . 006265 

11 . 2 . 005957 

1 1 . 0 . 005783 

10 . 8 . 005b66 

10 . 6 . OOb4~2 

1 0 . 4 • 0053()5 

10 . 2 . 00L19B8 

10 . 1 . 004?71 

10 . 0 . 004636 

9 . 8 . 004410 

.o . 004120 

7 . 4 . 003867 

3 . 4 . 003542 

0 . 6 . 002494 

0 .1 . 002530 

C Yl(lUC ti Vi t:; 
of· lOcc . 

H20 

. 0026182 

• 0026182 

• 002'728 

. 002b28 

. 0029507 

. 0025135 

. 0023095 

. 002935 

. 002865 

. 0022615 

. 00221Sl'7 

• 0020'704 

. 001 9945 

. 001796 

. 0017262 

. 0017205 

K 

__ ... ..... ____ ... 
__ _ _ --i_ ,.. ___ 

• OOOOl:ib4 (a) 
..... ._ ..... ______ __ 

• 0()01305 ( b) 

-- -- ...... ~ ~ - -

• 00£Jl4 PIO { c) 

--. ~ ..... -.-.... - .... 

• OOOl3tjl(d1 
______ .... .,.._--- ~ 

• 0001328 (8) 

. 0001'1'10 

. 000280 

. 000691 

-.-..-------~ 

...... ---.-----

A\rerar: e of (a) , (b}, (L! ) , (d) and. (e) = . 00012'7 
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660 

720 
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2880 

;or-aldenyde in Alkalinity in 
1 cc . 1 cc . 

(cc.N/20 NH4 (SCN ) (cc . N/20 HuL) 

12.0 4 . 105 

11.4 3.9 

11.0 (? 4r=: 0 . c.) 

10 . 6 '7: 4 D • 

10.6 ~3 . 4 

10. 6 3 . ])3 

10.2 3 . 0 

10.2 2 . 95 

10.2 2 . 85 

10.0 2.7 

. 8 ') 6 w• 

9 . 8 2. 55 

9 . 0 I.85 

4 . 0 1 . 65 

.1 1 . 5 

Conductivity of 
1 cc . K 
in 10 cc. H20 

. 001968 __, ____ ,- _ _.... 

. 002362 . 000371 

• 002,,46 . 000316 

. 002308 . 000299 

. 0022265 • Q()0G24 

. 0021988 • ()001r/;)5 

• 00210'76 . 0001 97 

. oo . 000168 

. 002053 . 000lli47 

. 002005 . 000146 

. 001816 • Q(J0133 

. 001816 • 0001,73 

• 001'735 ___ ._.,._ ........ ._._ 

____ .._.,....._. ___ 
__. -- -- - -- ---

---------.-.. ----------~ 

Average of K :: . 000214 
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The experiments with NaOH are based on the conclu- , 

·o of· d H 1 a si ns ~ · an • ~u er. These invest iga t J1-s exa.rr1ir1ed t11e 

gener~l conditions 01 the concentration o~ form~ldehyde and 

N~OH, and the boundaries Ior the rormation oI su~ar . The follow-

ing a.:re t .r1e ir cor1cl llsi ons : 

I . "The CO.r1centr<:ttion of r·o n1aldei1yde at t11e be-

ginning of its chan ge into sugar is directly dependent upon 

t11e origina.l concentratio11 oI tne 1·orn1aldehyd.e a.nd tt1e s Jda , as 

t11e for 1at ion :r sug&.r can alvi7ays be observed onl a1·te1~ the 

chanee :ta certain amount 01· t11e "forn1altil1yde ii1to 1·o:rn1ate and 

n1et l1yl alcohol ." 
• 

I I. " Jost t·av )rable f r condenoation ts a co11centra-

ti on of ] aOH of a little less tnan one - !Lalf or tI1e aleiehyde 

c ncent1--ation. r1 increased amot1nt 01· ]JaOH '"~ith unchan ed c on --
cent:ra ion 01· tJ1e fo:c1na1a.enyd.e favo1's t11e 1·ormation. :r :r rmate 

t 
especially n Jt ic eaule in cone ent rated o lt1 ti ons ." 

l!he tao le f. rom which these c oriel si ons we re 

a . !3er . cl . i 11e·m. Gesell . J a11.-:r.1ar . 1~06 . p • ~~ -4b . 
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Formation of F ormate oef re beginning of 

Sugar :B1 or1na ti on. 

------------------------------------------
U i1centrati n of· 
solution a 1i be-

Normality 
F 3rmal dehyde - Na~H 

Cor1cent1~ation at 
beginning 01· su-

f-· • gar -'- ortna t 1 on . 
~ o r~1nal i ty 

Fo1 .. 1naldel1yde- No.OH 

1'!1 ormalclehyde ·used u11 
bef Jre change into -URar . 

~--

Per cent. 

------------------------------------------------------------------------------
2 .1 

1.2 

0 . 6 

0 . 45 

0.46 

0 . 30 

0 . 30 

0.30 

0 .15 

0 . 6 

0 . 3 

1.1 

0.22 

0 . 90 

0 .72 

0 .12 

0 . 36 

0 . 50 

0 . 40 

0 . 26 

0 .19 

0.2~ 

0 .18 

0 .18 

0 . 20 

0 . 09 

2 . 4 

0 . 20 

0 .13 

0 . 97 

o.a.3 
0 . 84 

0 . 66 

0 . 07 

0 . 33 

76 

6? 

57 

58 

40 

40 

4 0 

33 

40 

The following table f curves is the work of the same 

i nvestigator·s • .L11ey stf1te t11at t !1e curves shov\r the rapidity Vi,ith 

~hich NaOH, under different conditions , is used up by the rormal -

dehyde . T~us we see how the first - third of the NaOH is used up 

rapi&ly wl1ile in the f'ur ther c urse the NaOH eonter1t is s1nkir1g 

onl y slo ~ly until the f rm~tion or sugar takes place , (in top 

curve). This holds true also when the total contents or l OH 

is not st1:t:ticient :roL~ the neutI·alizatior1 ot· the .i~orn1alCLehyde . 
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As suggested by these authors, the conce.ntrations l1sed 

in the follJwing two experiments were : 

Formaldehvde - --' 
-.. .... - - .... - 9 grams to 1000 cc. 

}JaOH - - - - - - - - - - - -48 grams to 1000 cc . 

One liter o~ each solution was heated to the temperature 

chosen fo1~ the reaction, ( 68 u in the ri1~st eA."'1>erirner1t, and '10 c 
in the second) , mixed at that temperature, and placed in a c n -

stant temperature oath. The results of these experiments are 

given in Tables I and II, and the correspondin~ curves follow 

them. 

The cor1stant K vv.:as calculated :from tl1e formula i:·or n1or10-

molecular reaction or reaction of' the Ii1·st order : 

K = I log a • 
t a - x 

K was also calcl1lated by 1neans of the rorn1ula :for second 

order and third order reacti~ns. oth of these gave unsatisract-

ory reslll ts. In making up the average K, only those o nstants 

were used as indicated by the letters opposite them. 



Time 
~.tinu tes 

0 

15 

30 

45 

60 

75 

90 

105 

120 I 

135 

150 

1·so 
g1;Q 

2~0 

270 

300 

330 

360 

390 

420 

Taole I . 

( cc . N/20 NH
4 

( 'H) 
for 1 cc. Sol . 

15 . 8 

15 . 6 

15 . 5 

15 . 4 

15 . 2 

15 . 1 

15.0 

14.8 

14. 8 

14 . 8 

14.8 

14 .rJ 

14 . 6 

14. 6 

1 4 . 6 

14.4 

14.3 

----
13.4 

12 . 8 

(cc . N/20 I-ICL}for 
1 cc . Soluti n. 

1 . 3 

1 . 15 

1 . 09 

1.09 

1 . 00 

. 93 

. 87 

. 83 

. 83 

. 7 

. 7 

. 66 

• 06 

. 63 

•• 6 

. • 43 

. 40 

•• 33 

. 33 

. 30 

K 

_ _, ____ .... --~-

.00187 (a) 

. 00143 (b) 

• 00128 (c) 

.00150 (d) 

. 00143 ( e) 

. 00139 ( f) 

. OOlbb ( g·) 

. 00135 (h) 

. 00120 ( t:) 

. 00108 

. 00102 

. 00097 

. 00095 

. 00075 

. 000832 

. 00083 

- ---------
. OOlb4 

. 00386 

Average of' (a) , ( b) , ( c) , ( d) , ( e) , ( :f) , ( g } , ( h) , ana. 

(i) = .001444. 
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Time 
l.[inu tes 

0 

30 

60 

90 

120 

150 

180 

210 

240 

270 

300 

315 · 

330 

Table II. 

cc . N/20 NH (SCN) 
for 1 ~c. Sol. 

15.8 

15.6 

15.2 

15.0 

14.8 

14.7 

14.6 

14.6 

14.6 

14.30 

13.50 

12.90 

i2.s · 

cc. N/20 HCL for 
1 cc. solution. 

1 ,. 2 

1.083 

.983 

. t366 

.786 

.7 

.666 

.6 

.566 

.533 

. 483 

. 38 

. 33 

- .-.----- -
. 000~3 (a) 

· • OOlbO ( b) 

. 00138 le) 

.00135 ( d) 

. 00122 (e) 

• ()0113 ( f ) 

. 00098 ( g) 

.00085 (h) 

. 00102 ( i) 

. 00195 

. 00358 

• tJ0364 

... 4. v e rage of ( a ) , ( b ) , ( c ) , ( d ) , ( e ) , ( f ) , ( g ) , ( l1 ) B,t; ( i ) = . 000118 • 
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The cJ1ief conclusions deduced from this vJ rk may be 
. 

summarized as foll ws : 

r. ~Vhen the concentration of t11e Ca (OH) is s1nall , 
2 

condensati n of formaldeJyde to sugar apparently des n t take 

place. The same thinB is true when the concentrati n or the for -

maldehyde is l ar·ge . In both cL'i,ses, l1owever , the Ca (OH) 0 is c 0n-
l':J 

ver t ed to the 1· orrna t e and the greater part o:t4 the t·ormaldehyde is 

condens ed into f r mic acjd and metlzyl alcohol. 

I I. rvi th excess f mil k f lime a t 25 °c t he c nde11sa-

tion to sugar takes place comparatively slowly , particul~rly wh~n 

the co1cent ation of t~ormaldehyde is c i1siderable . 

III. The figures f"or K shov' t 11at the reactio11 , as a 

~vnole , is n t one of the first rcler , but that the ±"1rst stage 01· 

I the reacti n is probably o! thi s order. 11e last stages are mor·e 

c plicated and no satisractory results c uld be obtained f r K. 

0 
6.H.C = 

H 

or, 
0 

IV. The formula , 6CH20 = 6H12o6 
CH .OH.CH( OH) .cH( OH) . CH(OH) .C H( OH) .C 

G . H ( a mixture of 

compounds , c6H1,ao
6

) usually e;iven to re_present tne polymeriza.ti on , 

or " ald ol condensation", t at i·or~maldehyde under .. goes in t r1e pres-

ence fan. alkali , does n t sufficient ly represent vifha t actualJ.y 
" 

taJ:e s plac e. 

The behavior of for1naldehyde uncler the c nditions 

in tl1ese eJC .. per in1ents shJ.WS that t'1e c!1ange is far more complicat-

ed t11an the reaction s11rrges te d above \rvould seen1 to i na.icate . Pro-

bably a portion of the f rmaldehyae always undergoes the rollowin_ 

-1 2-
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change : 

0 

H 
This is also indicated by 

the results of &. and H. iulera. ·Yidently , the reaction takes 

nlace in dirferent sta~e 0 0 O• In regard to this, Meld0la, in his 

npresidential ddress ," ( Journ~l or· t .he C11en1ical Society of· L ori-

don , Vol ume 89 , part I, 1 906 , pp . 740-??0), says , " vVith resrect to 

the i11ter1ne 'l..iate stag·e~ bet :een Iormaldehyde and t_ e sugars , .here 

we 11aa. nott.ing but 11y11ot.hesis to guide us , it ma .. y be use:ful to 

call at tention to the 1ater cliscoverles a.nd t heoretical sugges-

tions whicn chemists nave gi ven plant ph siologists either for 

confirmat io11 or re f l1tation •••.• " 

"~rni l _ischer suggested l uoking f or the trios, 1 glyaer-

ose' in the g reen pl ants . Glyce r ose is known to De a mixture of 

glyceric alde11yde arid dihydr oxyace tone, ana. in 1 897 Piloty i11di -

cated certain possible stages in the development of frucbose from 

glJrcerose , tl1us : 

ald.el1yc1e : 

In the first pl ace t hru glyc ~l iu aldehyde to glyceric 

. 
> + 

·0 • 

. 
H.C HO 

CII2 . 0H 
· ~ CH.OH 

CHO 

a. er. d . Chern . Gesell ., Jan.-I.1ar . 1906 . pp . 3 - 4.5 
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The ald.el1!tde and k:etone are tl1en supposed to conae11se to 

frtlc t ose·: 

CH2 . 0H CH2 .on 
CH . OH + C: O - - ;; CH2 (0H). (CH(OH) \ CO ~H OH 13 • • -v 2 
CHO 

To this view there is much cnemical, out this rar n~ 

bi log·i~al, evidence ." 

Lastly, it is eminently rittinr to quote the words of 

I\Jelclola given at the cJ11clusion of 11is adc1reos. He says, "A 

general survey of the state of knowledge at which we have &rrived 

c r1ce1~ning vv.Iru.at is l1nq11estiona .. oly tne rnost :fu.r1d.a .. mental o:f all 

bi - ai emical processes goir1g on ij1 the living vvor·J_d, I 1magjne , 

leave on the minds of chemists the impression th~t the facts ..... 

vvhich have hitherto been vvrested from lI&ture a1~e bl1t :t rag1nents 

of the ~hole structure and that our observationq are really re-

cordc of the state of per1·ectio11 of certain cl1emical or rnicro-

chemical rnetl1ods of detectj_ng· a11d. estimating particular co1npouno.s 

or groups of compo11nds , I~ather t11an a co1nplete story o:t" the 

· 1 '."'ro1n':yt on i·Yl t he P' .reen leaI·-.u chemica processes b · e ~ ~ 
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Methods of Analysi~ Used . 

' 

For the anaJ_ys is at· the formal del1yee the "c~ranide metnod" 

·iven n p . 33 A. O. A. • 1~08 was used . 

T11e alkalir1i tJi.,. was n1easUJ'ed ny t 1e 11se ot: N/b() and H/20 

RCL, 11si11 znetnyl oran?e as a11 indicator . 

The conductivity was measured oy tne Jheatst ne ridge 

metJ1od as given ir1 Findley 1 s "Prac t ic(j.l Chemistry" . pp . J.44 - lbl . 
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