
In tissue cultures of chick fibroblasts 2-methyl-i  
phate (Synkavit) is an inhibitor of mitosis, as sho~ 
ss 1. The same kind and the same order of inhibition: 
d by the authors 2. The substi tuted hydroquinone is c 
tins in its aiiphatic part  the residue of maieic acid. S~ 
s produced by the maleic acid groups have been c~ 

necessary to use substances which were soluble in 
property, the diphosphates of the hydroquinones an 
ed. In doing so, we were fully aware that  the com[ 
)tions4: we had to presuppose that  the diphosphates a 
m corresponding hydroquinones, and further, that  
;e of antimitotic activity as the hydroquinones. Tt  
ing that  embryo extract  contains alkaline as well a: 
"cation of LEHMANN 7 that,  in Tubi/ex eggs, hydroquin~ 
e as mitotic inhibitors seemed to justify this approac 
~s long as the water solubility of the substances to t 
r of our experiments the evidence obtained by  them 
:omplete. Since we succeeded in testing water-insolu[ 
~ t h o r n  in n mi~efnro o f  eol ln~nlvo nncl m~m ~hnf~'i (~'r~ 

are degraded in tissue cultur 
the quinones have the san 

The investigations of MOOG ~ 
as acid phosphatases, and tl 

uInones and quinones are equal 
)roach. 

be examined was the limitii 
was bound to remain doubtf  

water-insoluble compounds as well by di 
cellosolve and gum ghatti (FRII~DMANN AND SIMON-REuss 
he comparison of the antimitotic activities of the phenol 
, the corresponding quinones and the maieic acid group c 

5escribe the results obtained with some phenolic compoun( 
s in tissue cultures of chick fibroblasts. The picture arisir 
ws, among other results, that the inhibition of mitosis 
Lances and their phosphates in different ways. The a 
extract hydrolyses the phosphates of the phenols, givi~ 
, is therefore far too narrow to cope with the observatiol 

ed out in tissue cultures of chick fibroblast using the hanging drc 

to th~ 
degree 
showin 
observ; 
active 

As 
factor 
or in~ 
solving them In a mixture of cellosol 
it became possible to base the 
substances, their derivatives 
direct experimental evidence. 

In the present paper we describe 
in their action on the mitosis 
from these experiments shows 
produced by  phenolic substances 
sumption that  the embryo extract  
thereby the active principles, 
presented in this paper. 

The exper iments  were carried 
method, as described previously 2. 
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Tissue cultures: chicken fibroblasts. 
"Inactive" stands for "No activity at io -s M conc. and ga 
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QU~NONE 

A N D  B Y  S O M E  O F  I T S  D E R I V A T I V E S  

rearer dilutions". 

ALKYL 
PHOSPHATES 

1 :IUN.H.Q,D.Ph, 
I-HETHYL- 
E-B&OHO, 

I:4-N.H,Q.D.Ph. 

hydroquinone diphosphate. 

-g was 44 %- 
ON-REUSS, 1947. 

50% 

f ' l  G R A P H I C  
Cone. REPRESENTATION 
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4x10"J 

6x10"* 

t I t f 
10 "'° I0  "I I0":' I0 "+ I0" "  10 "¢' 
~IOLA R CONCENTRATIONS 

N.H.Q. = Naphthohydroquinone. 
N.H.Q.D.Ph.  = Naphthoh 

* Mitotic inhibition at 5' IO-g 
** J. S. MITCHELl. and I. Sire( 
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zer activity, but  still a very high one, io -s M, is fore 
fitotic activity of phenol and cresol is of the order of 
?hosphorylation of the hydroxylic groups of phenol, 
ydroquinone, 1:4-naphthohydroquinone and 2-meth 
ed in substances with increased antimitotic activ 

- -  T o l u h y d r o q u m o n e  5 x  70 "5 M tn  EE  
10 --- C o n t r o l s  : EE o n l y  

8~ 
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# 4  , ~. 

.~ 3 "~, 

I 

Cinepicture of toluhydroquinone. Comparison of mitosis afte: 
~-s M with mitosis in extract alone. Mitoses in % of total cells. 

sphate has an appreciably lower antimitotic ac t iv i ty  

"he introduction of halogen decreases the antimito 

i 

2g 
Time in h o u r s  

after application of toluhydroquinol 
of total cells. Tissue cultures. Chick fibroblast 

:Y, 5" 10-7 M against io -~ M ( 

antimitotic activity of the phenolJ 

aolic compounds is accompanied everywhere by  a stron 
Ly:in I : 4-benzohydroquinone the 5o % inhibition of mitos  
due smaller than IO -5 M in toluhydroquinone and only 
antimitotic activity of this substance, as shown in Fig. 
race as it disposes of the possibility that  the lack of ant 
quinone at IO -n M may  be due to a reaction of this corr 
¢ constituents of the Tyrode fluid, used in preparing th 

ned in the naphthohydroquinone group. Here the activit 
dropped from 5" IO-9 M to a value smaller than IO -5 

~hydroquinone. Thus with benzohydroquinone as well 
,ne the max imum of activity, exerted by  these substance 
[ activity in their 2-methyl derivatives. Less dramatic  bt 

0-7 9 11 

Fig. I. 
a t5 '  IO - s  M 

diphos r 
resorcinol. 

The 
compounds. 

C-aikylation of the phenolic 
decrease of antimitotic activit, 
drops from 6. lO -9 M to a value 
cinepicture could reveal the 
This result has some importance 
mitotic activity of toluhydroql 
pound with one of the many  
dilutions for tissue cultures. 

Similar results are obtained 
of I : 4-naphthohydroquinone 
in the 2-methyl-I : 4-naphthohydroc 
with 1:4-naphthohydroquinone 
is changed to a low degree of 
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e papers of (~)STERGREN, LEVAN and their collaborat, 
:nportance of the ratio of water  solubility to fat soh 
:imental evidence which can be explained on the b~ 
y of narcosis. 
knother physical chemical approach has its starting 
Jments of TRAUBE, HOBER, WINTERSTEIN AND WAR 

ceils. TRIM AND ALW.XANDV.R u have pointed out in an 
;oncepts do not exclude one other. In this connectic 
fis collaborators on the release of important  cell con 
tergent substances have to be mentioned. An observat 
ion, indicated by  volume contraction, has been made 
rtening of the chromosomes under the influence of p 
Fhe phosphates of the phenolic compounds have nearl, 
ity than their parent substances, as shown in a very st 

and of 2-methyl-1:4-naphthohydro 
ity of the phosphates cannot be explained by assumi 
less active parent substances, and conversely the 1 
that  phosphorylation cannot play a leading part  in tk 
ter to exert their antimitotic activities, phenolic subsl 
1 is different from the pathway followed by their ph 
rat ions on the pharmacological action of salicylic a( 
gevertheless there may  be a connec t ion- -o ther  thai 

y always a greater antimitot  
striking way by the phosphat 

zl-I:4-naphthohydroquinone. Therefore the hi~ 
assuming that  they are degraded i 

lesser activity of the phene 
their antimitotic activity. Th~ 

substances must follow a pathw~ 
phosphates. This recalls simil 
acid and its acetyl derivativ 

than phosphoryla t ion--  betwe( 
)hosphates and their activities as mitotic inhibitors. In th 

may  be remembered. Old experiments of AUTENRIETH 
hown that  a multiple of the lethal doses of phenol is we 
?hate is administered at the same time. Recent experimen 

to light the faculty of phenolphosphate to allow tran 
s well known that  phosphates penetrate into the cell on] 

ent data  do not allow, for the t ime being, the developmei 
connection between phosphates and phenol activity. B1 

to these questions seems to be possible, an approach tt  
with reactions taking part  in living cells and contrasti~ 
s, proceeding in tissue cultures with the dead mat te r  , 

of toluhydroquinone 
activit, 
their 
show 
in order 
which 
observations 

Nev 
phosphates, phenols, phenolphosl 
respect the following points 
and his collaborators have shown 
tolerated by animals, if phosl: 
of AXELROO ~ have brought 
phosphorylation. Finally it is 
with difficulty TM or not at all. 

These apparently diverg 
of a coherent picture of the 
a direct chemical approach 
more interesting as it deals 
hereby to the -SI-I reactions 
embryo extract. 
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ltered solution brought to pH 7 with 5 N hydrochlor 
.assed through a column of Zeocarb loaded with hydro{ 
cuo and the crystalline hydroscopic residue quickly 1 
drying i n  vacuo the residue was 2.o5 g, m.p. 89-9o' 

Laterial made further purification difficult. JACOBSEN 17 
)hate. 
-Cresol phosphate .  This substance, m.p. 95 °, has beer 
)lysis of the corresponding dichlorophosphinate. Hou 
relent to prepare this compound as its easily isolat( 
on of o-cresol (3.o g) in pyridine (3 ° ml) was addec 
d solution of phosphorus oxychloride (12.2 ml) in py: 
d for a further hour in ice after final addition. The sol, 
o, the process repeated after addition of more pyric 
off overnight in a desiccator. The residue was treat  

dkaline to phenolphthalein with barium hydroxide sc 
:hen poured into an equal volume of alcohot which 
dline mono-hydrate of the barium salt of o-cresol ph 
d (in material dried at room temperature) C, 24. 9; H, 2., 

7he free phosphate, of slightly lower m.p. than that  re I 
the barium salt in the usual way. 
~esorcinol d iphosphate .  This compound was prepared 1: 

)yncnne /5o ira) ann me reslcm 
reated with ice water and mad 

solution. The clarified solutio 
caused precipitation of th 

phosphate (13. 5 g, 9 I% yield 
I; H, 2.42 ; P, 9.o % ; C7HvO4PBa.H 21 

ported above can be prepare 

prepared by MANAKA 19 by hydrolysis ( 
diphosphinate an a crystalline solid, m.p. 132°. Howevm 
fllowed by purification on an ion-exchange column gav 
~er m.p. in accordance with that  of the material  obtaine 

(4.o g) in pyridine (3 ° ml) was added drop-wise to an ic~ 
osphorus oxychloride (14 ml) in pyridine (4o ml) and th 
after final addition. The solvent was then distilled i n  vaca 

the evaporation repeated after addition of more pyridin 
drying off overnight over sulphuric acid, the residue wa 

fl) and the solution made just alkaline to phenolphthalei 
aqueous solution of barium hydroxide. The solution wa 
a supercel and the filtrate evaporated i n  vacuo at 5 °° ti 
form in the residue. An equal volume of alcohol was the 
,arium salt filtered off, washed with 5o % aqueous alcoho 

just alkaline 
was then 
crystalline 
Found 
requires C, 24.6; H, 2.65; P, 9.1%. 

The free 
from 

R e  

the corresponding tetrachlordi 
repetition of this method followed 
material of considerably higher 
by the method following. 

A solution of resorcinol 
cooled stirred solution of phos t 
whole stirred for I hour in ice 
at 5 °0 under nitrogen, and the 
(40 ml) to the residue. After 
dissolved in ice-water (15o ml) 
by addition of a saturated ac 
filtered with the aid of Hyflo 
a slight precipitate began to 
added and the precipitated barium 
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tdded drop-wise to an ice-cooled stirred solution of p 
~ridine (3o ml). After stirring at room temperature fo 
:ion, the pyridine was distilled off in vacuo at 5 o° and t 
ice-water (ca. i5 ° ml). The filtered solution was tr~ 

oxide (lO g) in water (8o ml), the whole stirred 15 mir 
~vaporated to dryness, finally in a desiccator, and the 
tol (300 ml) in three portions. The residual calcium sa] 
(2.o5 g, 59% yield). This was decomposed with the t] 

tm carbonate solution by shaking, and the solution o 
',d through a Zeoearb column loaded with hydrogen 
d to small bulk in vacuo when 0.95 g of almost colou 
was purified by dissolving in a little water, clarifyi 
~vaporating slowly, giving 0.55 g needles, m.p. 203-2( 
OsP2.1/2H20 requires C, 25.8; H, 3.2%. This phosp[ 
ENVRESSE 20 by the action of phosphorous pen tox ide  
olysis and was reported as having m.p. 168-169 °. Th, 
on standing, was prepared from the free acid. Found C, 

Toluhydroquinone diphosphate. A solution of toluhydl 
.) was added drop-wise to an ice-cooled stirred soluti( 
nl) in pyridine (25 ml). The mixture was stirred I he 
olvent distilled off in vacuo at 5 °0 under nitrogen, 

203-204 ~. Pound C, 25.9; H, 2.9~, 
)hate was prepared previous 

on hydroquinone followed 
The calcium salt, which crysta 

20.3; H, 2.o % ; C6H4OsP2Ca 

tydroquinone (1.3 g) in pyridir 
solution of phosphorus oxychlork 

hour in ice after final additio 
and the residue dried off 

acid. After addition of crushed ice to the cooled materi 
th magnesium oxide (7.5 g) in water (total 275 ml) wit 
l tered and evaporated in vacuo to small bulk. The dri¢ 
alcohol (300 ml) in three portions, leaving a dried residl 
red in water (250 ml), clarified with charcoal and Hyfl, 
.ugh a column of Zeocarb loaded with hydrogen ions. Tt 
~acuo giving a hydroscopic solid residue (2. 7 g). 
! was clarified with charcoal and Hyflo and dried off in  vac~ 
:icky solid, m.p. 126-I3 o°, which resisted further at temp 
aterial dried at room temperature) C, 28.65; H, 3.88; lo~ 
CTHloOsP,. ~ H 2 0  requires C, 28.7; H, 3.76; loss of ½H2( 

by GENVRESSE 2° 

hydrol 3 
lised 
½H20 requires C, 20.3; H, 1.4%. 

Tol ,  

(5 ml 
(2.5 ml) 
the solv( 
a desiccator over sulphuric 
the solution was treated with 
stirring. The solution was filtered 
residue was extracted with alcohol 
(4.9 g)- This salt was dissolved 
and the solution passed throu 
eluate was concentrated in  vacuo 

The material so obtained was 
giving a colourless slightly sticky 
at purification. Found (in mat 
at IOO °, 3.74% ; equiv., 73.5. 
3.08%; equiv., 73-3. 
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• 1he p repa ra tmn  ot phenol  plmsphate,  o-cresol phospha te  
le d iphosphate  and to luhydroquinone  diphosphate  is describ( 

, ' examen de l 'influence des subs tances  A Ionction ph6nolique 
a donn6 les r6sultats  su ivants :  
• T o u s l e s  ph6nols non-subst i tu6s,  ~ l 'exception de la cat6chi: 
ques. L 'hydroqu inone  et la I : 4 - n a p h t h o h y d r o q u i n o n e  sol 
llaire de IO -9 M, le r6sorcine ~ io -8 M, le phenol  et l'o-cr6sol 
• L ' in t roduct ion  du groupe phosphor ique  darts les ph6nols aug: 
• L ' in t roduct ion  des halog6nes dans  les ph6nols diminue leur 
• La  C-alcylation diminne consid6rablement  le pouvoi r  antirr 
• L ' a t t en t ion  a 6t6 tir6e sur  quelques conceptions physicc 
it6 an t imi to t ique  des ph6nols. 
• L ' inhibi t ion des mitoses par  les subs tances  ph6noliques et c, 

• I1 semble possible d 'envisager  une conception qui embras 

• La  pr6para t ion des phospha tes  du phenol, du l'o-cr6sol et 
,~, de l ' hydroquinone  et de la to luhydroquinone  a 6t5 d6crite. 

'sico-chimiques t endan t  ~ expliqu 

celle produi te  par  leurs p h o s p h a t  

embrasse  les diff6rents faits t rouv6s  

celle des d iphosphates  de la r 

ZUSAMMENFASSUNG 

imitotischen Wirkung  yon  Phenolen in Gewebekul turen ha t  d 

nzkatechien unsubs t i tu ie r ten  Phenole ant imitot isct  

. -Naphthohydrochinon sind bei einer molaren Konzen t ra t ion  vc 
-s M, Phenol  und o-Cresol bei io  -e M. 
mole erh6ht  ihre ant imitot ische Wirksamkeit .  Eine Ausnahme  bild 
~¢Xcher wi rksam ist als Resorcin. 
verminder t  die ant imitot ischen.  Wirksamkeit .  
nt imitotische Wirkung  der Phenole erheblich herab.  
dsche Erkl i i rungsversnche der Phenolwirkung werden besproche 
ung der Phenole und ihrer Phospha te  erfolgt auf verschiedene 

Zusammenhanges  dieser verschiedenen Gruppen  in Bezug auf  ihl 
merksam gemacht .  
nolphosphat ,  o-Cresolphosphat,  Resorcindiphosphat ,  Hydrochino~ 
L-diphosphat wird beschrieben. 

6 .  

se produi t  pa r  deux routes  diff6rentes. 
7- 

mentionn6s sur  un  poin t  de vue commun.  
8 .  

sorcine 

Die Unte r suchung  der an t imi t  
folgenden Resul ta te  ergeben. 

I .  Mit Ausnahme  yon Brenzkatech 
Wirksamkei t .  

Benzohydrocb_inon und  i : 4-Ns 
IO-9 M wirksam, Resorcin bei IO -s  

2. Phosphoryl ie rung der Phenole erh( 
Resorcin, dessen Diphospha t  schwAcher 

3. Einf i ihrung yon Halogen vermind 
4. C-Alkylierung setzt die ant imi to t i  
5. Einige physikalisch-chemische 
6. Die ant imitot ische Wi rkun  

Wegen. 
7- Auf die M6glichkeit eines Zusamli  

ant imitot ische Wirkung  wird aufmerksam 
8. Die Darstel lung yon Phenol" 

d i p h o s p h a t  und Tolyhydrochinon-di  
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SUMMARY 

lpounds  in tissue cultures has given ttu 
lol all tim unsubs t i tu ted  phenols test  
4 -naphthohydroquinone  ar(- active at  

lic substunces increases their ant imito 
ian resorcinol. 
ises tile ant imitot ic  activity.  
rably the ant imitot ic  act ivi ty of the pt 

)ts to explain the act ivi ty of the pheno 
phenolic substances  and by  their pho., 

ubstances  in their  activities as mitotic ii 
losphate,  o-cresol phosphate ,  resorcinc 

described. 
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