
1-1Ueihyl-2,5-di( n-butylarninoniethyl)p~/~mii~l~nc ( 1 \'. 

ride. A suspension consisting of 10.5 g. of l-metliyl-2,5-bi~- 
chloromethylpyrr~lidine,~~~ 25 g. of butylamine, 10 g. of 
unhydrous potassium carbonate, and 100 ml. of ahsolutt: 
ethanol was stirred and refluxed for 3 days. The solvent anti 
t)he excess low boiling rengents were removed under reductd 
prossure and thc residue was suspended in 200 ml. of watcjr. 
The aqueous suspension was made strongly basic with 20% 
potassium hydroxide and the oil was extractrd with ethrr. 
The extract was dried and distilled. B.1,. 88-89"/0.05 mm.. 
yield, 6 g. (41y0). The trihydrocliloride melted a t  300-303" 
dec. (from ethanol-ethyl acetate). 

A n a l .  Calcd. for C15H&I3N3: C, 48.338; H,  9.95; z\T, 11.52. 
Found: C, 49.41; H,  10.11; X, 11.43. 

l-Benzyl-2,6-di[( 2-dieth?/laminoethyln,?iino)i,iethyl] pyr-  
Tolidine (IV. R = C ~ H T ,  R' = C H & H ~ N ( C ~ H S ) ~ ,  R" = S H -  
CHZCHZN (CZH,)~). The above reaction was applied to 10 
g. of l-benzyl-2,5-bisehloromethylpvrrolidin~~.*~3 € 3 . ~ .  136- 
140°/0.05 mm., yield, 6 g. (4570). 

Anal. Calcd. for C19H43XE: C, 71.89; 11, 11.34; N, lfi.77. 
Found: C, 71.66; H, 11.13; N, 16.49. 
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I1 = CH3, R' = ~ L - C I H ~ ,  R" NHCdH9-n) trihydroddo- 
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The y-ray induced degradation of polymethyl 
methacrylate is indicated by main chain fracture 
and gas evolution. Recently,* it was reported that 
(1) protection against both degradative processes 
can be effected by incorporating phenyl groups (as 
styrene units) in the polymer chain arid (2) this 
protective effect, the precise inechanisni of which is 
obscure a t  present, is not transmittcd over more 
than one styrene unit. 

Present studies with polystyrene-dl (1al)eled in 
the a-, p- and p-positions) aiid copolymers contain- 
ing monodeuterat ed styrene groups indicate that 
free radicals derived from ?-irradiation of the more 
sensitive methyl methacry1:ite moiety of the poly- 
tner abstract H atoms &rom ncighhoring styrene 
iinits. As a result of these "secondary" radical ah- 
straction reactions, it appears that  the protecting 
agent itself is susceptible to decomposition. The  
ierisitivity toward radical at tack of tlie various 
varbon-hydrogen bonds in the styrene molecule has 
heen estimated by measuring the deuterium diztri- 
1)ution in the evolved gasps. 

(1) Presented a t  the 138th National hIeeting of the 
American Chemical Society, ?jrv York, Y. Y., September, 
1960. 

(2) W. Burlant, I). Green, and C, Taylor, J .  A p p l .  Poly- 
mer Sci., 1, 206 (1959). 

1: s I' I{ 1 .\I 1.; s I,.\ L 

~ ' 5 7 ~ ~ r ~ Y ~ i q  w ~ ~ ~ / ~ ~ r i d s .  u-d,-Slgretie. In n tlry nii,rogeti rt tmos- 
phc:rt~, :t aulutioii  of 97.8 g. (0.53 mole) of u-broinostyrew 
(prepared from pheriylacetylene and hydrogen I~roniide3) i l l  

200 ml. of dry tetrahydrofuran was added dropwise to :I, 
gtirred mixture of 28.45 g. (1.17 moles) of magnesium turn- 
ings :itid tetrahydrofuran. Mild refluxing was maintained 
during :iddition. Hydrolysis of the (;rignard salt then was ef- 
fected kiv the dropn-ise addition of 50 i d .  of deuterium oxi(le 
after which 200 nil. of water, 100 ml. of diet,hyl ether and a 
f(>w grams of sodium chloride were added. The organic l:tyrr 
was separated from the water; the latter was extracted with 
ether-benzene solutions and the combined organic material 
washed with saturated sodium chloride solution. After re- 
moval of the solvents in VUCZLO, a few crystals of hydroquinone 
mere added to the residue to  minimize polymerization of tlie 
styrene during subsequent handiiiig. After twu distillations, 
there was obtained 15.0 g. ( 2 7 7 0 )  a-d, styrene. This prodiirt 
had a b.p. a t  15 mm. of 43-45', and ny, 1.5441. Mass 
spectra indicated an  isotopic purity of 93%; the contanii- 
nant was ordinary styrene. 

A n a l .  Calcd. for CsH7D: C, (31.38; H + D, 8.62. Found: 
C, 91.21; H + D, 8.44. 

P-dl-Styrene. According t,o a procedure similar to that  de- 
scribed for the preparation of the a-isomer (the Grignard of 
P-bromostyrenc was prepared in diethyl ether), there mas ob- 
tained 36.8 g. (357;) of P-dl-styrene; b.p. (10 mm.), 34-35"; 
n',", 1.5432. The isobpic purity was estimated to be 97%. 

.4nal. Calcd. for CsH,D: C, 91.38; I1 + D, 8.63. Found: 
C, 91.11; H + D, 8.45. 

p-dl-Btyrene. This mononier was propared in 30 yield 
from p-d,-bromobeneenc (synthesized by deuterium oxide 
hydrolysis of the mono Grignard of p-dibromobenzene) ac- 
cording to the sequence of reactions employed by Overberger 
and Marvel4 for strucuirally similar monomers; h.p. (20 
mm.) 46-50'; n'," 1.5445; isotopic purity, 98%. 

Anal. Calcd. for CsHiD: C, 91.38; H + I), 8.62. Found: 
C, 91.28; H + D, 8.35. 

Methyl  methacrylate ond ?neth$ acrylate. The commercially 
available manomers mere redistilled under nitrogen several 
times before use. 

Pol,ymcrizotion trnd irradiation. .4ppropriate mixtures of de- 
gassed monomers were polymerized thermally to less than 
5y0 conversion. The prodncts were rcprecipitated repeatedly 
from benzene solution with methyl alcohol, dried in vacuo for 
4 hr. a t  loo", then nnalyzcd for the clemcnts t o  determine 
the composition. Each copolymer contained about 0.5 mole 
fraction styrene. Intrinsic viscosities, I?], were determined 
in solvent benzene at 25'; all the stprcnc-methyl methacryl- 
ate copolymers had [?I  1.3. 

Ahout 0.1-g. samples of thc polymer werc tlcgassed at 80" 
for 1 hr. a t  a pressure of about 10-5 mni. before sealing. 
RZass analysis prior to irradiation failed to reveal the pres- 
ence of solvent or oxygen molecules. -4 dose rate of 2.0 X 
105 Rad per hour :it, the single total dose of 1.0 X 10' Rad 
(Co"] source; fcrrnus sulfate dosimetry) WLS employed for all 
csperinirnts. I t  was assiiincd that  1 g. of polymer absorbed 
A2 x 1018 t1.v. when given a dose of 1.0 Mrad. 

J f a s s  spwtromelric gns analgses.  The response of a mass 
spectrometer is proportional t o  the presslire of the gas in the 
ion source of the analyzer tube; micro quantities can he 
analyzed hy reducing the volume of the rescrvoir into which 
the sample is espnnded.j 

For the present study, a novel micro sampling system 
(Fig. 1) was designed n-hich was of small volume, contained 
:in expansion chanihcr for ;'slightly oversize" saniplrs and 

(3) C. Dufraise and C. Nourrii, Corript. rend., 171, 9Nl 

(4)  C. Ovc.rberger and C. Marvcl, J .  C'het?L. Soc., 67, 

( 5 )  J. Neerman and F. Bryan, ilnal. Cheui., 31, 532 

(1920). 

2250 (1945). 

(1959). 
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Fig. 1. Swnpling manifold for small g~s samples, eon- 

structed of stainless steel tubing; inetal-glass connections 
XTP Iiovar-Pyrex seals (Cat. No. YF.1000, Carborundum 
Co., I&robe, Pa.); valves .4-E are monei metal with phos- 
iihw bror~ze bellows and Kel-F seats (Cat. No. M484, Hoke, 
Inc., Cresskill, N. J.); the ampoule snmpling device is 
explained in Fig. 2. The total volume of the manifold, 
including the I'irani tube and R li-ml. ampoule is FF ml.; 
under these conditions and for an ionizing current of 50 pa 
and B grid resistance of 4.3 X 108 ohms, 1.0 X l0-O g.-ruales 
of hydrogen produces 2.4 scale divisions at M/e = 2 

permitted ventiiig with dry incrt gas to spood evacuation be- 

means of a Teflon gssketed compression seal (Fig. 2) fitted 
with a plunger to break the tip of the previously scratched 
ampoule. In this manner, rapid analyses of about lo-* g.- 
moles of g i ~ s  could bo eftucted si thout  the use of greasz or 
was. Ahsolute qwnti t i rs  w e  believed to  be within 107" of 
thc true values; relative concentrations within a few per 
cmt .  Usually more than 90% of the gars in each tube were 
:mounted fur. 

About 1 day afkr irrsdi*ition, the ampoules were sealed 
into such n modified Cansolidatad Model No. 21-103 mass 
s,,'.L!ttrometar. 

Thr wnvitivity of this :maIytia;d t id~niq i t r  is refleckd in 
tlir npproxim:tt,r (::dcnl:~t,ion tlxit for thr:x! polymers, only 1 
monomer unit in 1 0 5  untlergocs some bond brrdo~ge. 

Fig. 2. Alnpnde sampling device. The tip of the nln- 
poule is semtchcd aiai iusorted through the compression 
seal until it is opposite the plru~ger; the compression nut 
thcn is tightened so thxt n wcuum tight seal is obtained. 
A give11 Teflon fernile will accept atnpoules varyillg ill 
diameter by 10.15 m~n. 

TABLE I 
G ( l > ) - V n ~ u ~ s  FWM THE -/-IRRADIATION 

O F  M~XODEUTEEATEII POLYSTYRENES; 
DOSE, 1.0 x 107 RAD 

Isotope Effect Bond G ( 0 )  

a-dr 0.0037 4.3 
4.0 84, -  0.0013 

p-dr- 0.0017 5 . 0  

tween samples; the ampoules were scaled into this system by 

- - 

site occ,,Ts, than radical-radicltl recombination 

Deuleraled copolyrriers. At low doses (about 10' Rad), tho 

are carbon monoxide, carbon diaxidc, hydrogen, metham:, 

~ n ~ ~ ~ ~ ~ e ~ ~ n ~ t h y l  
In addition to the nondcutcrnted gases furmed upon ir- 

radiation of B stywne-d,-mr:thyl methnerylate copolymrr, 
HD, CHJ), DCOOCHn, and CR,OI) an! produccd ( t , h  
assumed structure of tho lat,t,cr t,mo rnoriodleutaratad mol<,- 
c:ulm w:t4 based un datii by Todd'). TAlc I1 list* G-villucs 
fur thc  ratio (&-gm/d,-gas) for these gmcs from thc a-dt-, 
&d,-, ilnd p-d,-copolym~rs. 

Thc carbon o x i d ~ s  probalily arc prorl,iccd mdcclllsrly, 1 ~ 1 ,  
t,hr hydrogrii-eont.aining gases olt.im:itrly drtr:etrd cxn b r  PI- 
plxincd in tarmfi of simple displacement rcactions I K : ~ ~ W O C I ~  
initidly fortncd radiads (most of x l i c h  :arise from prcferuii- 
t i d  dtcomposition of the cstcr side chain') and polymer: 

in the gas 

predominant gas~fi the r.irrsdintion of tl,P ~bcopulym~.r  

No Or 

IIWSTJ1,TTS 

i',,l!,-,~,-sl!,~,:,,.~. ' I ' h  rmIi:diou s~,s~~,,,,l.il,ilil,~ of t l w  siwcific 
*ilw in Iiioiiodr,iiti~ci,t*.~l pulnt,ymnrs is indicated I i v  t,he 
I ;(TI) YXIUL~R for t,hri e-, 8- ~ n r l  pl,o!tds, sumlrinrizcd in T:thlc 
1. I t  :~,ppenrs tlrat thr  o-Cl) h i i d  in tlic m r i n  rh:tin is mwt. 
wwitivr t,u r;~iii:~tinn-iaduced clpavltpc, prrsuinxl,l,v bc- 
WUHB of Lla: TPSOIIILIKX shbili ty of the froe r:idieul rrsult.ing 
iron, Such clcavagc: 

- C C H , -  CH:, 
I 
I + -rH-CH-CH,-CH- .(:Ha + .+I 

Coocl~li COOCH,, + .OCII, I I  1 h  told m n ~ l ~ c ~ r  of 8- and :inm:~t.ia --('I{ 1mnds i n  1.1,~ 
p ~ ~ l y n w r  is lonsidrred, thcsc rrsidts nrc i n  :~,crord oit.li thoso 
uf \!':dl and Brown,e who estimatrd from similar ivr:idintions 
< d  dixterat,rd polymers, that  no particiilar site rrclusivcly is 
involved in the mechanism for hydrogen IormLtion. 

h notahle difference betu-een the two studies, howcvrr, is 
lhnt no I)* was observed in irradiations in this Laboratory. 
The absencc of I)? silggests that  th? eoncentration of initicllly 
formed II ntoins is so low that  only r:tdical abstrzction nt B 

(F) I.. \Val1 and 11. Drown, J .  P h p .  Chein., 61, 129 (1057). 

,lnl."",?r I 
C"., I H2 4. l I ( ~ V O C H ,  + HOCHI + polymer 

radical 

fur 11 nbstrxction reactions, to the exclusio,, ,,f 
rndical rcrornhination processrs, is observation that 
u(u) totiLl far the copo~y,nc, is grater tha,, ~ ( 0 )  for poly- 

~ 

( i )  A. Tdd,  J .  Polyr l~er  S i . ,  42, 223 (IUFO). 
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TABLE I1 
G-VALI~ES FOR GASES FROM COPOLYMERS~ OF STYRESE-~ , -~~KTHYL MXTHACRYLATE A N U  

STYRESE-~~-R~ETHYI, ACRYLATE*; I)OSE 1.0 x 107 1l.m 

G(Gas) From G( tln-Gas/dl-Gai.) _._____ - - .. - 

Sondeuterated CY-&- p-tll- . p-di- Isotope 
Copolymerc Copolymer C'opolynirr C'opol~ iller b;ff ectd 

0.072 
18 (19) 96 (34) :3:3 ( 35) 7 . 0  

23 ( 2 3 )  :36 (36) 69 (62) 7 . 0  

l i ( l 2 )  :34 (:30) <52 (93) 5 , 0 

"12) e (X) 41 5 1 

0 ,  137 

0.125 

0.068 

a Containing 0.5 mole fraction styrene. Figures in parentheses. Corrected for the contribution of h ~ ~ d r o g c ~ i i  ant1 HI) I)), 
the  styrene units in the  copolymer. Calculated only for the  methyl niethacrylat,e copo1ynir.r. e S o t  tletrrininetl. 

&-styrene, and deuterium or iriolecules such as ethane, di- 
methyl ether, or methyl acetate, possibly only from bimo- 
lecular radical coupling processes, were not detected.* 

It is apparent that  the bond in the styrene moiety of tlie 
copolymer most sensitive to  abstraction by .H, .CHI, 
.OCH:*, :tnd COOCHS is the CY-CH; the p- :Lnd p-CH bonds 
:ire somewhat, more st:tbl? to  such attack. 

The reactions of the initially derived frcse radicals occur to 
about the same extent and epecificity in the st>wrie-nirthyl 
acrylate copolymer (Table IT). The latter is a crosslinking 
system,2 in which protection against crosslinking is afforded 
by the styrene groups prescwt. \Vhile thr  g:is yields of this 
c o p o l p e r  depend not onlj- on its composition, but 011 thrs 
degree of crosslinkiiiy ( thr  uiiirr:idi:ttcd copolynier is morv 
radiation sensitive than the crossliiiked product) the ratio 
( :(do-gas/di-gas) clearly indicates the significance of til)- 
straction react,ions in the radiation chemistry of the copoly- 
mer. 

The implication of thrse conclusions is tha t  radiltt,iuii 
initiated damage noted in organic polymers is not a siinpli* 
function of the radiation stxhilitj- of a particular bond in tllc 
Inolecule. 

~~c/znowledyme,if. The :mtjliors thank Mr. 1 ) .  
Green for prepariiig :,oiii(: of the clcuteratrd 
polymers. 
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____ 
(8) -pIrratliatioii of :i n i i k t i i r ( s  oi' l)o1ystyrt~iie-dl m d  pul>-- 

iiicthyl niethacrylatr. o 1 i t : i i i i i ~ ~ l  11). i,o!)rrc.i:iitHtioii frorn :t 
soliition of thew siil)st:tii1aij-.. :il'forilivl 11 I )  (froin polysty- 
r c ~ 1 i c 4 ~ )  :is thc  oi i l ) .  driit(ar:tt(%(l sl)cti*ic's. 

'l'he coniyorind obtained by the actioii of tiii aut1 
t i  ydroahlor ic acid on p-dime t,hylaiiii noben za ldeh vdt: 
\v:ih cltscribcd as a,6-bisdi1~iethylainiiioaiit~hrzl~c:eac 

by Xlba~ io ,~  but \vas latc>r found t o  h, 4,-k'-bi+ 
dimethylamiiiostilbeiie.' This re:tc*t8iuii had beell 
extended t,o various othei' ~-dizllkylamiiiobcil~al~(~- 
hydes and the products erroneously coiisidcred to 
be anthracene (:oiis~~ci"eIitlv, ill 
view of t'he interest which ut tnchcls t.o ccrtaiii aiiiiiio- 

stilbenes as carcinogenic a g r ~ i t s , ~  it' s;ctmed dcsirabl(1 
to collect thew compounds, wit'h rclevuiit dat:k, 
under their correct designatio11 as 4,4'-bisdialkyl- 
aminostilbeiies (I), Thc compoiuiids i i r ~  ;irr:iiigd i i i  

Table I, which also iiirhidw two h(>tc?i,oc.yc.lic. 
dialkvlaminostilbeii~~s of st8rucaturc (11). With o i w  
tweptmion thmc st,ilhrlie dprirat ive:, havo i i o t  b ( : (~ i i  

nwii  tioiitd iii thc l i t ( u t  I I ~ C .  


