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to  mononleric type molecules (fractions I I I A  and IV)  a s  
compared with tlie number of ruptures due to medium- 
and large-sized molecules (fractions I I I R  and I I ) ,  011 

the basis of R = R,= 100. It can be seen from this table 
tha t  mecl~anism 1predominates in the case of polystyrene 
and polyisobutene; mechanism 2 predominates in tlie 
case of polyethylene; and mechanism 3 in tlie case of the 
o t l~er  polymers. 

Some experiments carried out in this laboratory on the 
pyrolysis of polyn~ethylmethacrylate a t  400" C showed 
tha t  about 90% of the C-C link ruptures were clue t o  the  
formation of the monomer. This, then, represents a case 

PERCENTOB RUPTUREDC-C LINKS I >  THE 

'I'OTAI, PYHOLTZEI) PII<T* 

-.----Original KO. of P x 100 

I'olymer No. of ruf~turcvl Ps 
linlts Po linlts I' % 

POI>Y tyrene 1.923Nt .034N 33.0 
Po1p:sobutene 3.572N .588N 16.5 
Polyisoprene 5.882N .276N 4.7 
Polybntatliene 7.407N .283N 3.8 
(:R S 6.001N .2iON 4.5 
Polrctliylene 7.3 43N .375N 2.5 

where ruptures of C-C links occur almost exclusively a t  
* Calculated for 100 g of the polymer. the ends of the macromolecular chains. 
iN ;Avogadro's nwrkber. 

size, decomposition does not take place until a tempera- 
ture of about 800" C is reached. However, the introduc- 
tion of a small amount of free radicals into the syster~l 
induces the rupture of C-C links to  take place a t  'ce:n-
peraturos a s  low as  300" C (3). Since the hydrocarbon 
polymers discussed here decompose on heating a t  tem-
peratures of 350"-450" C, it can be  assumed that  here 
too decomposition is  due to the presence of free radicals. 

A N D  LAKCEMoIj~CUlr~:~* 

Monoirieric type 1ntermedi:ltr and 
molcculcs lnrpe molcculcs 

Polylricr 
Fr;~ction B7rac*tion Fr;~(.lir~rlI'raction 

I I I A  IV IIIE I1 

% "/o % % 
l'olystyrene 84.0 0.8 . . . 34.G 
Polyisohatene 05.4 2.4 10.7 23.5 
Polyisoprcne 30.1 0.5 1 . 4  5G.O 
L'olybntarlienc 29.1 6.7 23.0 41.2 
GR-S 30.1 4.5 19.7 45.7 
Polyethylene 11.9 8.5 . .. 79.0 

-

* Calculated in percent of total nurnber 01 rul)tn;cs. 

It is  also assumed that  the free radicals are the ends of 
the macromolecules, where rupture of C-C links to  give 
molecules of rnononier size may staft .  These free end 
raclicals may in addition cause rupture of C-C links a t  
some other points throughout the chain whenever they 
come up against these points a t  random. 

Three mecllanisms of ellain rupture can be visualized: 
1. Small fragments of monomeric size break away a t  

the ends of a inacromolecular chain until the residual 
fragment is snlall enough to escape into the gaseous phase 
a t  the terrlperature of pyrolysis. The products of pyroly- 
sis will consist mainly of small-sized molecules. 

2. The macromolecule breaks a t  random until frag-
ments are sufficiently small to  vaporize. I n  this mecllu- 
nism the larger molecules, above the monomeric size, will 
predominate in the vaporized product. 

3. A combination of mechanisms 1and 2 giving rise to 
a mixture of small and large molecules, the ratioof the 
two groups of fragments depending on the polymer. 

Table 3 shows the relative number of C-C ruptures due 
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Di-(p-chlorophenyl)methylcarbinol, 
a New Miticide1 
Oliver Grummitt2 

W e s l e r s  Reserve Usiversi ty ,  Cleveland 

I n  the course of a research program on synthetic or- 
ganic inst:eticides related to  l , l -d i - (p  chloropheny1)-2,2,2- 
trichloroethane (DDT),  the di-(p-lialophenyl)alkylcarbi-
nols (p-XC,Il,) ,C (OH)R, showed high initial and residual 
toxicity to mites ( 5 ) .  This paper i s  a prelimiiiary report 
on certain properties of this class of coml~ounds. 

Miticides have become indispensable since the wide-
spread use of DDT. DDT i s  not only ineffective against 
this class of agricultural pests, but i t  also promotes the 
growth of mites by destroying predatory insects. 

The di-(p-halophenyl)alkylcarbi~lolsare unusual in the 
high specificity of their action. Although tests have been 
run against a wide variety of insects, only mites are  
affected a t  practical levels of concentration. Red spiders, 
European red mites, two-spotted mites, and Pacific mites 
can be controlled. There is no plant damzge ur~der  ordi- 
nary spraying conditions. The mode of action has not 
been definitely established, but these compounds appear 
to be cor~tact poisons. 

Although exhaustive toxicity tests on laboratory ani-
mals have not bee11 run, pl-eliminary results with the 
di-(p-chlorophenyl)met~lylcarbinolon rats inilicate acute 
and chronic toxicities which are not greater than DDT 
(4)  and which subsequent study may show to be even 
lower. I n  the manufacture of pilot plant hatcl~es on a 

1 U. S.  Patcnt 2,430,580, November 11,  1947, 11. B,. Rath-
ruff, Oliver Crammitt, and B. C. I)ickinson, assigned to tlir 
Sherwin-\'\'illiarns Company, Cleveland, Ohio. 

?The writer wislies to aclrnowlefge tllc financial support 
of the Sherwin-Willialns Company, and the worlr of the fol- 
lowing collaborators on tlie cllcmical phase of this study: 
A. A. Artrrs, R. E. Hlanli, J r a~ r  Ficli, D. M. Marsh, and J. A. 
stearns. 
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tonnage scale, no harmful effects have been observed 
on plant personnel exposed over several months. 

The most important member of the class, because of i ts  
accessibility and cost, is  di-(p-clilorop11enyl)methylcarbi-
nol," (p-CIC,II,),C(OH)CH,, which was first rnade by 
Rergmann and Rondi in 1931 by the action of methylmag- 
nesium iodide on p,p'-diehlorobenzophenone ( I ,  3). I t  
can also be made by other Grignard reactions such as  the 
action of p-chlorophenylmagnesium bromide on ethyl ace- 
ta te  or on p-chloroacetophenone. The p,pf-dichlorobenzo- 
phenone, not available commercially, can be made by sev- 
eral Friedel-Crafts reactions, including chlorobenzene with 
carbon tetrachloride, with phosgene and, with p-chloro-
benzoyl chloride. Oxidation of DDT ethyene, 1,l-di- (p- 
chloropheny1)-2,2-dichloroethylene,yields this ltetone, n 
reaction which first showed the structure of DDT ( 2 ) .  
Di-(p-chlorophenyl)methylcarbinol is  a colorless, crys- 

talline solid, melting a t  69.5"-70.0" C. It cannot be 
vacuum-distilled a t  l-mm pressure or vaeuum-sublimed 
without decomposition. Thin films exposed to air a t  room 
temperature for  42 days volatilized less than 2%. I t  is 
insoluble in water, soluble in the common organic sol- 
vents, and most soluble in the polar type such a s  alcohols, 
ketones, etc. As a tertiary alcotlol, this compound may 
be dehydrated to  1,l-di-(p-chlorophenyl)ethylene,inp 84"- 
86" C, by the prolonged action of heat above i ts  melting 
point or by tlie catalytic action of strong acids in solu- 
tion. Oxidation of the carbinol yields p,p'-dichloroben- 
zopl~enone. Catalytic reduction yields 1,l-di-(p-chloro- 
phenyl) ethane. Typical alcohol derivatives such as  ethers 
and esters are difficult to  prepare because of the ease of 
dehydration and the sterically hinderea alcohol group. 

Various analytical procedures for  the carbinol and re- 
lated compounds have been developed. Traces of the 
carbinol may be estimated eolorimetrically by nitration 
followed by treatment with alkali. The carbinol and i ts  
isomers are analyzed by measuring the water of dehydra- 
tion either by Kar l  Fisclrer titration or volumetrically, 
if large samples are talten. Quantitative oxidation of a 
mixture containing carbinols and the corresponding ethyl- 
ones and ketones in which the chlorine atoms are i n  the 
p,p' and o,p' positions of the rings gives a mixture of 
p,p' and o,p'-dichlorobenzopl~enones whose composition 
can be estimated from setting point-composition data. 
From water yield and oxidation results, concentration of 
the most active isomer, di-(p-chloropheny1)-methylcarbi-
nol, can be calculated. Ultraviolet absorption spectra and 
setting point-composition diagrams are also useful in ana- 
lyzing mixtures of carbinol, ethylene, and ketone. 

From 	the preparation and testing of a nnmber of 
derivatives and analogues of the di- (p-ha1ophenyl)alkyl 
carbinols, certain conclusions on the relation of structure 
to activity may be drawn. For  maximum activity the ring 
halogen atoms are necessary. Isomeric carbinols with one 
or both of the halogens in the ortho position are much less 
active. The alkyl group, R in (p-ClC,,II,) ,C (011) R, may 
be methyl, ethyl, etc., or cycloalkyl such as  cyclohexyl, but  
aryl or aralkyl groups such a s  phenyl and benzyl give com- 

"mletimes nbbrevi:ltcd to DMC. Spraying compositions 
containing DMC hitrcb the tmdr marked name of Dimite. 

pounds of lower activity. I f  the alcoholic group i s  shifted 
from the tertiary carbon atom, a s  in the isomeric B-P-di- 
(p-chlorophenyl)ethanol, the miticidal activity i s  lost. 

The details of these properties, syntheses, and analyses 
will be published a t  a later date. 
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Localization of CL4 in the Tissues of 
Mice after Administration of C14 
Methyl-labeled Glycinel 
Gcorge L. Nardi2 

Rudiatioff Laboratory, 
U~ziveusity of Califot-nia, Berkeley 

Carbon-labeled cornpounds offer a wide range of ex-
yeriniental possibilities because of the ubiquity of carbon 
in living organisms. Because of i ts  long half-life, C1' 
offers the additional advantage of an  isotope tha t  can be 
studied over long pcriods of time. However, this very 
fact  has resulted in an  understandable hesitation to  use 
it, without more knowledge regarding the effects of pro- 
longed exposure of living tissues to radiation. It was 
felt  tha t  if the radioactivity were fairly evenly distrib- 
uted in the organism, tlie total dose coulcl be so calculated 
a s  to keep thc radiation to any onc tissue or organ within 
a reasonably calculated safety margin. 

Blooni et al. ( I ) ,  using BaCXO, or NaEIC*O, injected 
intraperitoneally into young rats, showed by means of 
autoradiographs tha t  activity tended to  localize i n  bone 
aiicl remain there long after soft tissues mere no longer 
active, although the activity in various tissues was not 
directly weighed and measured, so tha t  the residual ac-
tivity in bone may 11avc been extremely small. It was 
felt, therefore, tha t  further work should be done to  see if 
use of soluble comgounds resulted in radioactivity local- 
izing in the bone. 

Glycine, labeled with C" in the methylene position, hav- 
ing an activity of 567,000 cpm (4.57 c/mg) prepared by 
0stw:lld (.?) was injected into the tail veins of adult, 
male, strain A mice. Each animal was injected with 
1.728 mg of glgcine*, a total activity of 1.08 x 10Qp1n. 
Fifteen animals were injected simultaneously and sacri- 
ficed a t  varying time intervals from 6 h r  to 43 days. 
Some were sealed in glass metabolic cages so tha t  activity 
nleasurements of breath, feces, and urine could be made. 
Combustions, plating, correctio~rs, etc. were carried out 
as  described hy Calvin et  al. (3). The moisture removed 
by vacuurn desiccation (in order to obtain dry tissues) 

The work desc*ribed in this pager won npollsorrd hy t i le  
Atonkic Nnergy Commission. 
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