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organism used by us has been another form t.han that employed by 
PASTEUR in bis classic experiment and tbe continued investigations 
of one of us 1) (H. J. WATERMAN) bave exactly demonstl'ated that the 
phenomena of growth are dependent in a high degl'ee on the variation. 

Delft. Labol'atory, Urg. Chem. Tee/tn. High Sc/tOoi. 

Chemistry. - "On a metItod for a more exaet determination of 

the positiOll of the hydl'o,l'!/1 !l1'oupsin the pO(ljoxycompounds". 
(4th Commllnication on the configul'ation of the ring systems).2) 
13y Prof. J. 13ÖESEKEN. (Communicated by Prof. A. F. HOT,LDAN). 

The investigations as to the action of the polyeomponnds on the 
conductivity of boric acid were stal·ted to fumish a contribution to 
our knowledge as to tb€: situation of tbe carbon aroms, and the 
groups alta<'hed thereto, in benzene. 

This object has been attained to a certain extent, but, in addition, 
the measurements have also taught us something about tbe position 
of the hydroxyl groups in the saturated polyvalent alcohols. 

Tbe influence. of polyoxycompounds and boric acid on each other 
has been known for a long time. 

80, for instance, tbe increase of the acid ic properties of boric acid 
by means of glycerol was made use of in the titration of tb at acid 
and, reversely, the large increase in rotation exerted by boric acid 
on mannitol went to demonsb'ate thai this polyatomic alcohol was 
indeed optically-active '). These tew empirical dlltta were very con
siderably added 10 by G, MAGNAN1N[ 4); at the same time an experi
mental foundation was given to the surmise that these phenomena 
might be due to the formation of compounds. 

He demonstrated that mannitol strongly increased the electric con
ductivity power of boric acid and th at, although to a less extent, 
this was also the case with oxy-acids such as tartaric acid, salicylic 
acid, lactic acid, glycerine acid, gallic acid, mamlelie acid and gly
collic acid. He tbu8 proved thc formation of complex ions, consa
quently of a chemica} combination between tbc two components. 

VAN 'T HOFF i), on account of these investigations, was of opinion 

1) H. J. WATERMAN. These Proc. 29 June 1912, p. 124. 
2) Recueil 80, 392; 81, 80 and 86. 
3) VIGNON. Ann. Chim. Phys. 5e S. 1I 483. (1874.). 
') Gazz. chim. 20, 42~; 21, U, 134, 215. Zeitschr. phys. Chem. 6.58. 
&) Lagerung der Atome im Raume. 3e Ed. p. 90. 
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tbat a compound can only then be formed when tbe conditions are 
favourable for the fOl'mation of a5-ring (and eventually of a 6-ring). 
A substanee likemannitol might then unite readily with one or more 
mols. of borie acid, becallse the position of Ihe hydroxyl groups would 
favour the formalÏt\n of 5- or 6-rings. 

In the case of a hexatomic alcohol like mannitol, the conditions 
for the ring formation are, however, probably favourable, because 
to ellch carbon grollp is attached a hydroxyl grollp and because of 
tbe \'ery great pl'Obability that two of these with the two carbon 
atoms attached thereto, are situated at the same side and in the same 
plalle; alld th is especially because it is a saturated non-cyclic substance. 

It occurred to me that a furthe.r study of the influence of these 
eompounds on borie acid might become of more importance still, if 
the more simple alcol101s were chosen for that purpose. 

Now, with the polyoxyderivatives of benzene the conditions are 
exceedingly simpie. 

Woon in the benzene derivatives tlie six carbon atoms with the 
groups attached therelo, are sitnated in one plane, the orthQdioxy
compounds on)y (eventually a)so the ol'tlwoxyacids have a contigu
ration that ofrörs the best chances for the formation of the said 
eyelic systems. 

In fact, the measurements caJ'ried out by myself and A. VAN 

RoSSEM (I. e.) have shown th at of the polyoxydel'ivatives of benzene 
onIy the ol'tlweompounds exert a very g.root positive influence on the 
conductivity of borie acid. 

The specific conductivity of 1/2 mol. solution of this acid at 2bo 
is increased: 

by 1/, mol. pyrocateehol from 25.7 X 10-6 fo 553.2 X 1()-6 

" 1/, " pyrogallol. 608.9 X 10-6 

" l/n " pyrocatechol. 116 X 10-6 

,. 1/12 " pyrogallol 131 X j()-6 

" 1/12 " 1.2-dioxynaphtalene 112 X 10-6 

(measlll-OO by Mr. J. D. Ruys) 

on the other hand, the meta- and paraderivatives exerted an insigni-. 
flcant negative influence. rhe spec. conductivity was lowel'ed: 

by 1/, mol. resorcinol from 25.7 X 10-6 to 25.0 X 10-6 

,,1/, " hydroquinone . 24.3 X IQ-6 
Ot l/S " phloroglucinol. 24.8 X 10-6 

Gallie acid and protocatechuic acid also suffer a considerably larger 
increase in conduclivity by addition of boric acid than would agree 
with tbis a.cid's own conductivity. 



- 4 -

218 

lis mol. protocatt>.ehuic acid had at 25°& speeide 
eonductivity = 703.1 X 1()-6 
1/, mol. borie acid = 25.7 X 10- 6 

Found a eonduetivity of the mixture =847.7 X 10-6 
lncrease = 118.9 X 10-6 

l/S mol. ofgallicacid had at 25°aspec.conductivity = 750.7 X 10- 6 

1/, "of boric acid = 25.7 X 1()-6 
Found fol' the mixture = 917.6 X 10-6 

Inerease = 14:1.2 X 10-6 

From this influence on the conductivity we may conclude that 
with tbe polyoxybenzene deri\'atives an important reaction only then 
takes place wben the hydroxyl groups are situated in the ortho
positions in regard to ea.ch ot.ber, 

Of a spedfic aromatic influence there can be no question berause 
it would then be diffieuIt to Ullderstllnd why resorcinol. hydl'Oquinone 
and phloroglucinol do not exert an increasing action whereas mannitol, 
pentaerythrol and glycerol do increase tbe condnctivity (MAGNANINI. 

BöE.<;EKI<:N ani VAN ROSSEM 1. c.). . 
We are constrained, as stated above, to look for the cause in the 

fa\'ourable situation of (he hydroxyl gl'OUpS in regard to the borie 
acid molecule. 

Now, the reculiar property of pyrocatechol and other orthodioxy
(and also of amido-oxy and diamido-) compounds of benzene and 
otber ring systems to roodily absorb another atom and to form \Yith 
this, as a mIe, very stabie compounds bas been known for a long time. 

This is attributed to the exceedingly ready 5-l'ing formation, 1here
fore to the favourable position of tbe ortbo-pla.ced groups. 

Without troubling, provisionally, about tba configuration of tha 
compounds formed between borie acid and the polyoxyderivatives, 
we may take it as very probable tbat an analógous cause determines 
their origin. 

The importanoo of demonstrating tbe iofluence of tbe polyoxy
compound8 on the conduetivity of borie acid is not related to the 
"fa.ct itself but lies in tbe sensitivelless of the method and its simple 
npplication. 

It enables us to announce the formation of compounds without 
having 10 isolate the same a.nd even more: Irom the degrea oj 
injluence we can d1'aw important conclusions as to tne positioll oillte 
hydroxyl groups in the original polyo.vycornpound. 

If, for in stance, we find tha.t the inerease of the specific conductivity 
at 25° caused by: 
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1/2, n. glycol on 1/, n. bor'ic acid 4.9 X l~ 
1/, n. glycerol" 8.7 X 10"-6 
1/, n. pentaerythrol " = 231.2 X 10-6 

1/, n. pyrocatechol " = 514.1 X 10-6 

1/, Il. dulcitol" =717 X 10-6 

we may concJude therefrom that in pentaerythrol, at least two of 
the hydroxy I groups are situated rather favourably, but not by a 
long way so as in the case of pyrocatechol; that in dulcitol more 
than one pair of hydroxyl groups exert all influence on the boric 
acid; that in glycol, they are very unfavourably situated and that 
they are also unfavourably situated in glycel'ol although three of 
them are present. This is shown in a still more striking manner 
when we compare the h·jyalent pyrogallol with glycerol at a some
what greater concentration of the alcohol: 

1 n. pyrogallol on 1/, n. bol'Ïc acid = 911.3 X 10-6 

1 n. glycerol = 12.9 X 10-6 

In the determination of the inHuence exerted on the conductivity 
we possess a very simple and sensitive method to get some infor
mation as to the situation of the hydroxyl groups in regard to eat'h 
other without strongly attacking the molecule and 1)0 disturbing the 
existing equilibrium. 

In consequence of the pt'eceding we submit the following suppositions: 
1. If the hydroxyl groups,as in pyrogallol or in pyrocatechol, are 

situated in the same plane and at the same side of the carbon atoms 
to which they are attached alld if thel'e is no entering atom as in 
tbe case of resorcinol, hydrochinone Ol' phloroglucinol, the influence 
is very groot. 

2. Tbis influence becOlnes less when the OH-groups are leaving 
this favourable position. 

The simple glycols as yet investigated by us: aethy lene glycol, 
pinacone, propanediol 1,3, butanediol 1,4 I), do not increase the 
conductivity of borie acid. 

We surmise that the hydroxyl groups in these molecules repel 
each other and then, in consequence'of the mobility ofthe saturated 
molecule, get situated as far as possible from earh othel', still in the 
same plane but at the opposite side of Ihe car':>oll atoms to which 
tbe,}' are attached. 

We will see w het her a more extensive experimental material 
. confirms these suppositions. 

1) Butanediol (1.4.) r.an be prepared vcry readily by reduction of succinicdiethyl 
ester according to the directions given by H:ARRIES for the preparation of methyl 
(!) butanediol {1.4) from pyrotartaricdiethyl ester. 

15 
Proceedinss R01al Acad. Amsterdam. Vol. X V. 
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The influence of glycerol is eertainly in harmony with these views. 
As we have stated this influence iE \'ery slight; two of the OH-groups 
are therefore, most likely, not situated so favourably as in pyt·ocatechol. 
But still they are not situated so unfavourably as in the simple 
glyeols and this.cannot be otherwise, for even when the tbree OH
groups repel each otller as far as possible the situation of these 
groups yiewed two by two must still be more fl\\'ourable than in 
the said bivalent alcohols. 

The fact that on the other hand the positioll of the hydroxyl gJ'oups 
in pyroratechol and in dioxynaphtalene is so particularly favourable 
must be altributed to t.he ring-system of the benzelle, wbich forces 
them to remain in the plane of the ring and at the same, or outer. siJe. 

The fact that, accOl-ding to ~IAGNANINI'S measurements, tue a-oxy
acids and salirylic acid affe<.~t the conductivity ofboric acid p'Jsitively, 
points to a positiOli of tbebydroxyl gronps, in regard to ea.cb otber. 
whicb is mOl'e fa\'Ourable than in the glycols. This is very com
prehensible when we consider that the OH-group of tbc a-carbon 
alom finds at the other side of the acid OH-group of tbe carboxyl 
group an oxygen atom, and not the hydrogen atoms of the glycols. 

Ir the numbe!' of hydroxyl groups in saturated compounds is gl'eatel' 
than two, it is obvious that the ('hances of a fa\'oul'able position 
increase and in harmony thel'ewith we find that el'ytbl'oJ exerts a 
slronger inflnence on the conductivilJ of borie acid than glycerol 
and that tbe act ion of nHi.nnitol and dulcitol is more important still. 

Fot' 1/, mol. of tbe alcohols on l/t moL of boric acid was found: 
J{ X 10-6 = 

Glycerol Erythrol Mannitol 

8.7 64,1 685 I 7J7 

In thc case of these saturated polyalcohols it is, at. tbe present, 
stiU somewhat difficult to point out Ibe most probable position of 
the hydroxyl groups by means of a determination of the intluence 
exerted on the condllctivity. 

This is ml1ch more easy in tbc case of cyclic systemswhere the 
mobility of the molecule has been lessened to a eonsiderable extent 
by tbe dosing of the ring Ihus causing tbe POsilion of tbe groups 
to become mllch more defined. We have already made use of this 
propert)' in criticising the nction of lhe polyoxycompounds of benzene ; 
but the action of sucrose is also tbat which may beexpected from 
this molecule, 
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The influence of sucrose on the conduet.ivity of boric acid is very 
trifling. and I'eversely, also that of borie acid on the rotatory power 
of sucrose. 

1 1 
The change of 34.2 N sucrose to 2" N boric acid = ± 0 

1 

" S.42
N 

" " " " 
=-1X10-6 

., ,. " 
=-3X10-6 

The change in the rotation for these concentrations kept below 
0,13° and like that of the conductivity WM exceedingly small indeed. 

CH,OH Ir now we observe the subjoined symbol of 
He --o-t suCrose . in space, which is eonsidered by 
HJ.~ HO~ .Äo TOLLENS and E. FIBCHER 1) as the most probable 

I 0 1 )H~ 
HOfH/ Hf" one, we notice that of the eight hydroxyl groups 

HO Hf only those indicated by (1) and (2) can bave 
I CH,OJl b Hf OH!') a favourable position, that is to say, in t e 
CH.OHN same plane and at the same side of the carbon 

atoms to wbich they are attached and undisturbed by other atoms. 
It was, howe"el', to he expected tbat these two OH-groups will 

not he situated favourably, for they possess a freedom of motion 
analogous to t.hat in the sirnple glycol and if in the latter the OH
groups repel each other it would be difficult to understand why they 
should not do so in the sucrose molecule. 

The almost complete indiirerence of sucrose towards boric acid 
(andprobably towards many other compounds) now finds in its 
configuration a ,"el'y simple explanation. 

These observations tbus contirm the eonfiguration of the sucrose 
as weil as the value of tbe pl'ocess for the more exàct determination 
of tbe hydroxyl groups of organic compounds. I bave been able to 
employ the method tor determining the configuration of a- and fl-dextrose. 

It is known that the above contigurations are now imputed to 
both these isomers. Ir this he- correct tb'ey must behave diirerently 
in regard to borie acid. 

I, E. !t'ISCmm, B 45, 461 l19121. 
15* 

... 
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One of them, represented by (I) must, in conseqllence of tbe 
fa\'ourable position of the hydroxyl gl'OllpS (tI) and lIJ), influenée the 
eonducti\'ity more forcibly thall tbe other one and because in aqueous 
solution they a1'e converted into each olhe!' up to a definite equili
brium, tbe conductivity must decrease until this equilibrium-mixture 
is attained. 

In . the other rep1'csellted by 11 the conductivity must inerea8C 
until tbe same limit vallle is attained. 

The pl'elimillal'Y measlIl'ements exe('uted by l\h. C. E. KUMI<;R now 
luwe led to Ihe rcsllit : 

1. That a-dextrose had, at 25°, a considerable positivo intlllence 
on the conductivity. 

2. Thai this decreased slowly so fL'l to attain a definite limit 
value after 24 hours. 

3. That the positive inflllcnce of #-dectrosc (up to the present 
not obtained in a perfeetly pllre eondition ) was m uch slighter than 
Ih at of a-dextrose. 

4, That it kept on incl'easing slowly to finally reach lleady, but 
not quite, the same limit value as in the case of the a-dextrose. 

Aftel' repeated recrystallisations the conductivity of a 6.5 % solution 
of u-de.xtrose at 25° was on all average 5 X 6'-(;, of a 15% solution 
7 X 10-5 , that of a 6.5°jo 801!1tioll of j'~-dextt-ose ohtained by ree!'y
stallisatioll from pyridine 10 X 10 Ij, pl'esnmably it still conta.ined 
a little pyridine. 

The increase of the condllctivity caused hy a 
6.!l % a-dextrose solution on 21

/ 2 °10 H.BO. = 42 X 10-6 

falling to 35 X 10-6 

The increase of the conductivity ('aused by a 
15% ({-dextrose solution on 21/, "/d H,BOa = 106 X 10-6 

falling 10 90 X J 0-6 

The increase of the condllctivity caused by a 
6.5 °10 /Ï-dexlrose 80lution on 21/,°/. BaBO. = 20 X 10-6 

rising to 29 X 1 ()-6 

Without antj('ipating the result of the Hnal measurements with 
thc sngal's we may safely conclnde that this method which, of course, 
is 'eapable of extemion in many directions can give us further data 
as to thc more delicate stt'ucture of the molecules. 

In other respects also, the formation of complex compounds of 
bOl'ic aeid with orgl\nic polyoxycompollnds is of great importance. 

We know thaI, bOl'ic acid is used as an antiseptic; this is based 
on the I'etal'ding action which this substance exerls on the gt'owth 
of mOl1lds, 
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According to the researches of H. J. WATERMAN and myself 
described in these Proc. (30 Dec. 1911 and 30 March 1912) 
retardation is usually associated with astrong solubility in fat or 
with a too large concentration of hydrogen ions. 

Now, bode acid is much more readily soluble in water than in 
olive oH and is moreover an exeeedingly feebIe acid so that these 
two properties (',annot, therefore, explain to m why boric acid so 
very much retards the growth of penicillium glaucum as we have 
indeed obser\'ed. 

The formation of compounds with the polyalcoholö which play 
such an important role in the living beings, compounds which can, 
moreover, be much more strongly acid than boric acid itself, offers 
a very simpte explanation of the powel"ful action of this apparently 
so innocuous substance. 

Under the influen('e of the devplopment of the ehemistry of the 
eolloids, the origin of physiological processes hits been perhaps 
searched fOf a littre too much in purely physical phenomena: diffu
sion, change in surface tension, discharge ofnegative-charged colloids 
by positive ions and reversely, etc. Undoubtedly. all these actions 
play an exceedingly important role, but in many cages a chemica I 
phenomenon is involved; it is like this with boric acid and so it 
wil! be, presumably, with the toxic action of many metals (I furtller 
refer to a communication from H. J. WATI<~RMAN and rnyself in the 
"Folia microbiologica"). 

Toe question whether the strong action of some of the hydroxyl 
cornpounds is assocÏltted with an easy ring formation, as surmised 
by VAN 'T HOJ!F, has, as yet, been discussed by me onIy casually. 

Last yenr, Fox and GAUGJi; (Trans. Chern. Soc. 1911, 1075) have 
succeeded in isolating mannitoborie aeid and in prepal'ing some of 
its salts, but as it appears from the analytieal figures th at there is 
present one molecule of water in exeess of that rcqnired fol' the 
5-ring closure, the configuration still remains uncertain. 

As pyrocatechol causes a very stt'ong increase of the conductivity 
I have endeavoured 1.0 obtain pyrocateeho-boric acid. Although we 
have not suceeeded in doing 80, we have yet managed to prepare 
a series of l'eadily crystallizable complex salts sorne of whieh are 
characterised by a very slight solubility, so that they may, presumably, 
serve for the quantitative separation of boric acid. 

A full description of these salts, also of the experiments mentioned 
above, which have been earried out mai1l1y by Ml's. N. H. SIEWERTS 
VAN REESEMA, C. E. KLAMER and J. D. Ruys, wiJl be given later. 

Delft. May 1912. Org. Chem. Lab. Tec1m. High School. 


