
1460 c. s. MARVEL, s. JACK DAVIS AND F. J. GLAVIS Vol, 60 

tenth grams of magnesium in 25 cc. of ether in a three- 
necked flask equipped with a mercury-sealed stirrer, a 
reflux condenser, and a dropping funnel, was converted 
into phenylmagnesium bromide by 7.3 g. of bromobenzene 
dissolved in 25 cc. of ether. Two grams of VI dissolved in 
4Q cc. of dry, thiophene-free benzene, was added dropwise 
to the Grignard reagent. The water was drained from 
the reflux condenser, and the reaction mixture was heated 
for six hours. Stirring was maintained constantly. The 
ether was removed from the reaction mixture in this way. 
Stirring was discontinued, and the reaction mixture was 
refluxed for fourteen hours and decomposed by pouring 
into a beaker of ice containing a little sulfuric acid. A 
small precipitate of the imine hydrobromide formed and 
was collected on a flter. The benzene layer was sepa- 
rated from the water layer, and the aqueous layer was ex- 
tracted with ether. The combined ether-benzene solution 
was dried quickly over calcium chloride, and the solvents 
were removed by distillation. The residue crystallized on 
cooling, more of the imine hydrobromide being obtained. 
This was crystallized from benzene. Crystallization was 
also carried out by dissolving i t  In a minimum amount of 
methyl alcohol and adding several volumes of ether. The 
latter method produced colorless needles: yield 1.3 g.; 
m. p. 110-130°, with decomposition. 

Anal. Calcd. for C&hONBr: C, 64.18; H, 6.42; N, 
5.74. Found: C,  64.18; H, 0.68; N, 3.98. 

Methyl bromide was shown to be evolved by melting a 
sample and passlng the evolved gas into quinoline. 
Methylquinolinium bromide was obtained and identified 
by a mixed melting point determination. 

The aqueous solution was allowed to stand in an open 
beaker; as evaporation proceeded an oil formed. This was 
taken up in ether; the ether solution was shaken with a 
sohttion of cupric acetate and became deep green in color 
Evaporation of the ether solution left a dark green copper 
derivative. This was dissorved in ether and decomposed 
by shaking with hydrochloric acid. The ether solution 

was dried over calcium chloride and evaporated. The 
remaining oil gave a strong enol test but did not crystal- 
lize. The oil was again converted into the copper deriva- 
tive, and the derivative was recrystallized by dissolving it 
in hot benzene, adding ligroin and cooling. The com- 
position was that calculated for the copper derivative of 
VIII. 

Anal. Calcd. for (QQHIQO~)~CU: C, 73.34; H, 6.10; 
Cu, 10.2. Found: C, 73.41; H, 6.58; Cu, 10.1. 

The copper was determined by weighing the copper oxide 
remaining after the combustion determination. In  
another experiment, 3 g. of the hydrobromide was ob- 
tained from 3 g. of nitrile (VI). 

The product obtained from melting the hydrobromide, 
which is probably the imine, could not be induced to  crys- 
tallize. However, hydrolysis of this substance with alco- 
holic hydrochloric acid converted i t  into an oil (VIII) 
which formed a copper derivative and gave a strong ferric 
chloride test. 

The imine hydrobromide wag likewise converted, by 
boiling with alcoholic hydrochloric acid, into an oil (VIII) 
which gave R ferric chloride test and formed a copper 
derivative. 

Summary 
The isomeric 8-rnetHoxy-8-rnesityla~~~~i~ 

(I) react with phenylmagnesium bromide to give 
the corresponding imino hydrobromide (11) and 
its hydrolysis product, the keto ether (111), as 
well as the diketone (IV) and its imino derivative 
(V). The three last-named products have been 
synthesized by other methods. 

Similar results were obtained with a-methyl- 
0-methoxy-@-mesitylacrylonitrile (VI) and phen- 
ylmagnesium bromide. 
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The Reaction &tween Sulfur Dionide and Olefins. VII.' Copolymers from Mix- 
tures of Olefins, Acetylenes, and O l e h  Derivatives with Sulfur Dioxide 

BY C. S. MARVEX, S. JACK DAVIS AND F. J. GLAVIS 

Many copolymers of mixed vinyl derivatives 
have been described in the literature. The physi- 
cal and chemical properties of these mopolymer~ 
are sometimes quite different from those which 
might be expeded from an examination af the 
polymers made from the individual binyl deriva- 
tives. It has therefore seemed desirable to in- 
vestigate some o€ the apolpers from mixtures 
of oMns or olefinic derivatives and sulfur dioxide 
(1) For the sixth communication in this series see T ~ J Q U R P T A L ,  

69, 1014 (1937). 

in order to learn more about this unusual poly- 
merization reaction. 

Treatment of mixtures of olefins with sulfur 
dioxide in the presence of suitable peroxide &a- 
lysts gave polymeric products. Tkese ploducts 
had approximately the composition whieh would 
be expected fur eopolgrmers if the olefins had am- 
trined in the ratio in which they were introduced 
into the reaction mixtures. When an equimolecu- 
lar mixture of olefins W M  used the product wm 
shown definitely to be a copolymer of the type 



oIcflii( l ~ - S b ~ ~ l e f i t 1 ( 2 ~ - s O ~ - .  When thc ole- 
fins wcte riot used id eqti.mdlecular proportions 
thc products obtained had sclldbilitia ahd meltiiig 
pbints which indicated that they *re truly co- 
polymers and riot rfilxttlvik of a copolymer and a 
simple polyher. p ow ever, this second pos- 
sibility has not beeii rigorously excluded. 

):our $cries ijf cbplymerb Cerc made from sul- 
frir dioxide aiid the folloiLitig mixturcs of olefins 
~ i i d  olcfiiiic dcrivatibes : rhcthylpropeiie and cj.- 
c.lolicsenc ; methyl i0-heiid'eccnoate and 1 -pen- 
tciic; IO-heiidecentjic acid aiid 1 -pentem; and 
1ic.iidec-lO-cii-l-oi aiid 1 -p'etiteiie. Aiiother mm-  
1)iiiatiOii less cxtetisively studied was  pheiiylacety- 
h e  anti I -pcntcrie. 

'I% cojmlymers obtained from mixtures of 
cyclofiexerie aiid metliyjpiopcne are df especial 
ititerest sin& it has becri reported2 that rttethyl- 
propene inhibits the photochemical and catalyzed 
reactions bctwccri sulfur dioxide aiid other olefins. 
hlethylpropcnepolysulfone is insoluble in all 
common soli.cnts and mclts a t  3 4 d O . 3  Cyclo- 
hi,xencpolysulfone is soluble in chloroform and 
I)cnzene aiid melts a t  about 3 0 0 O . '  A product 
made from a mixturc containing oiie equivalent 
of cykldhexchc to cightecn equivalents of methyl- 
pfopenc was ihsoluhlc i n  coxnmoii solveiits but it 
melted at a h u t  2..iOo. Whcii thc ratio of thcsc 
olefins was made t w o  t o  otic thc polyincr obtaincd 
iiieltcd a t  about 20T) 210' and was soluble i i i  

c.hloroforni. With thc olcfiti ratio two to thrcc 
thc resultiiig polymer melted a t  about 200' aiid 
was solutjlc in chloroford. None of the co- 
polymers O P ~ S  soluble i i i  beiizene as is pure cyclo- 
hexenepolysulfoiie. 

Another interesting case of the change i i i  the 
physical properties of the copolymers with chaiigc 
i i i  composition was found in  the series prepared 
from a mixttrre of methyl 10-heridecenoatc, l-peii- 
tcne and stilfur dioxidc. Methyl 10-heridcceiioatc 
polysulfdnc was a sticky, glassy, semi-solid which 
1)ecame fluid a t  93-115' and was soluble in hot 
methyl a1cohol.I l-Pcntei1epolysuifonc meitcd 
at l*50-iGCjb3 aiid waS solubie in acetone but i l l -  

solutiic i r i  afcoIio1. Ttic copolymer jirepartici 
from a mixtuie of one equivalent of inetliyl 10- 
hcndeccrioatc and five equivdents of 1 -peiitenc 
was a solid soluble in acetone, insoluble in hot 

( 2 )  Pitch, U .  S Paten! 2,045,802 (10.32); S o o r  Pnd Frey. / i d .  

(3) Ryden hhd M h t l  ITttt; JOWAI.. 6. 2311 (lbji)l aivl  the 

i 4 )  I:rederick. Coy.,n rncl 61nrvrl .  , b o d ,  k 6 ,  l e i 5  (1034) 

/ : n r  Chrm , SO, 176 (1038). 

#lccompositlon yoitlt of this polymer a5 allout 3W0. 

alcohol but mcltiiig almost as low (100.-11:)') as 
the tcmperaturc a t  which thc polysulfoiie of 
methyl lo-heridecertoate became fluid. 'Ihc ef-  
fectiveiiek of small h o u r i t s  of tHis tster i i i  

producing low mcltiiig copolymcrs was further 
evidenced by thc polysulfone obtaiiicd from a 
mixture containirig only oiie cquivalent of thc 
ester ti, oiie hundred equivalcrits of 1 -pciitciic, 
which still melted slightly IoYier (13.7 150') thaii 
did 1-pciitciicpolysiilfoiie. I I I  all of the copo ly -  
mers studied thc solubilitics werc niorc iiearly 
thosc of thb polystilfoiic from the major c o i l .  

stitueiit, whcrcas the nleltirig points wcrc oftcii 
rriarkedly affekted 13y small amounts of one coii- 
stituent. 

Attempts td tletermiiic thc way the individual 
fragments were joined ih the copolymers from 
cyclohexcne aiid rfiethylpropknc were !lot suc- 
cessful. Cyclohexene~olysulfone waS degraded 
by thc action of liquid ammonid to give a product 
which analysis aiid moiccular weight showed to  
he made up of thtce cpclohcxcnc ahd tW S u h r  
dioxide uirlts. No idctltifldble Prbductd tvkrt; 
i;btaIt;etl ft6in tIic abti8ti hf lidbid &monia cin 
met h p l ~ t . b ~ c ~ ~ c ~ l y S ~ I ~ ~ ~ e .  Whcn the ctli>.ty: 
rflbrs ftrim cykbhexcne And niethylbrdpene werk 
t rd t ed  tbith alkdi ,  dtlly the individual olkhns 
could bk ldeiitlfirt! dfnhiig thc kieavage ptodtick. 

'I'he prodilct ( I )  of the actio11 hf liquid dhrndiia 
O I I  c~clohcxeiit;ptilysulfoiie is of iiitcrcst siiicc it iS 
iiot the s~mblc cpciie tiisulfritic (11) contiiiriiitg t w o  
iiiiiis of olehi add ttvo hf sulfui dioxide WfticH 
wiiuld be expected fthm the redction if it prtj. 
cccdcd i i i  the maiiiitt notk'd l i t  all other &e$ 
\ivHicH have beer1 studicd p k v i o d y . 6  Rrheii tHis 
pfoduct (I) of the liquid dmmonid bieakdotqn 31 
cyclohexeriepolysulfonc was rccrystahized froM 
glacial acetic acid it was converted into the cx- 
pectcd cyclic disalfone (11). When an attempt 
was made to  synthesize this cyclic disulforie by the 
method which had been used successfully in earlier 
whrk for related compouiids,' the product of the 
action of sulfur chloride aiid sodium sulfide on 
cyclohexeiie did not prove to be thc expected 
1 ,.l-dithialie. Aiialysis showcd that it contained 
three cyclohcsciic uriits and two sulfur atoms 
(IV).  Oxidatloii coiivcrted this prtjduct Into the 
same compound which had becri obtaiiicd by the 
action of liquid ammonia on cyclohexencpolysul- 
fone. We believc these reactiods may be formu- 
lated as follows. 

(51 CIa\is, R y d r n  and Rfarvcl .  ; b i d ,  dd, 767 (16371. 
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found in the final polymer in 
the ratio of 25, 25 and 50%, 
respectively. 

(CsHiSOz), \CH/ \SO/ \CH/ It was possible to test this 
liquid NHs I1 ~ C H ~ C O O H  assumption with the copoly- 

mer prepared from sulfur di- 
oxide and equimolecular por- 

C6cHz>H, tions of 1-pentene and 10- !! CHZ hendecenoic acid since this 
\ C H /  I \CHZ/ polymer was converted readily 

to a cyclic disulfone on treat- 
CHz ment with liquid ammonia. 

C& >HZ Previouslys it has been found 
that liquid ammonia converts 

\CHI/ IV \CH/ 1-pentenepolysulfone (IX) to 
a cyclic disulfone (X) which 
is alkali insoluble. It has now 
been found that the polysul- 
fone from 10-hendecenoic acid 
(XI) is broken down in a simi- 
lar manner to give a simple 

J. 
AHp C--SOz-CH-CH~SOe- II \ 

' A-S~CH-CH-S-C / CHz I1 I 

\ 
I CHz 

~ H z O Z  

\ /CHz-CHz 
C<rHyCH CHz 

CHn CHz 

CHs 

(CHI), 
liquid I 
NHs 1 

SO2 

I 
(CHn)z 

I 
CHI 
X 

I 

CH2 
I11 

CsHio -!- &cl2 -+ 

No attempt was made to isolate the first prod- 
uct of the action of sulfur chloride on cyclohexene 
and it may be that  the compound shown in formula 
I11 was not an intermediate step. The cyclo- (CH& 

linear disulfone (I) was converted into the simple 
cyclic disulfone (11) has not been isolated. It 
seems probable that  i t  was converted to cyclo- 
hexyl acetate by the excess acetic acid. 

It was possible to show definitely the manner 

Pre- 
vious work6is has shown that  olefins of the type 

cyclic disulfone (XII) which is alkali soluble. 

"\ /CH-CH 

/so, \CH-CH* 

I 

IX 

hexene which must have been formed when the [:"' -cHCHzS0zCH2CHSOr 

in which 1-pentene, 10-hendecenoic acid and sul- 
fur dioxide combine to give a copolymer. 

RCH=CH2 always combine with sulfur dioxide 
to give a polymer of the "head to head, tail to 
tail" type (V). 

/CH-CHz\ 

/so, XI so2 
\CH-CH~ 

(&HI)* 
I 
COOH 
XI1 

V 
If an equimolecular mixture of two olefins RICH= 
CH2 and R2CH=CH2 combined with sulfur di- 
oxide in the same manner, it  would be expected 
that  three units (VI, VI1 and VIII) would be 

When the copolymer prepared from sulfur di- 
oxide and an equimolecular mixture of 1-pentene 
and 10-hendecenoic acid was treated with liquid 
ammonia neither of these cyclic disulfones (X, RZ 

I R' R* (I T1 I I 
-&HCH&O&H~HSOZ--  -&HCHZSOZCHZ~HSOZ- XII)  was obtained. The one product which was 

isolated in better than 75% yields had the com- 
R' RZ position of the expected cyclic disulfone (XIV) of 

the general type which would result from a poly- I I 
mer (XIII)  in which one molecule of 10-hendece- 
noic acid and one molecule of 1-pentene are 

VI VI1 

-CHCHzSOzCHzCHSO,r- 
VI11 

(6) Hunt and Marvel, THIS JOURNAL, 67, 1691 (1935). 
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joined through their respective terminal CH2 
groups by a sulfone linkage. 

\CH-CH,/ 
I 
I 

(CH2)z 

CHI 
XIV 

A copolymer prepared from sulfur dioxide and 
a mixture containing 5 moles of 1-pentene to  1 
mole of 10-hendecenoic acid was treated with 
liquid ammonia and it was possible to isolate two 
cyclic disulfones : one alkali insoluble which was 
identical with the product (X) obtained from 
pure 1-pentenepolysulfone; the other alkali solu- 
ble which was identical with the mixed cyclic di- 
sulfone (XIV) obtained from the copolymer con- 
taining equimolecular amounts of these two con- 
stituents. 

From these experiments i t  is evident that  the 
copolymerization of equimolecular amounts of 
1-pentene and 10-hendecenoic acid with sulfur 
dioxide does not follow a chance course but must 
proceed by some directed mechanism which lays 
down a polymeric molecule of a very definite 
type (XIII). 

Experimental 
Preparation of Copolymers from Sulfur Dioxide and Mix- 

tures of Olefins, Acetylenes and Olefinic Derivatives.-All 
of the copolymers were prepared by placing the reaction 
mixtures containing 10 cc. of the mixture of oldns, acety- 
lenes or olefinic derivatives, 10 cc. of liquid sulfur dioxide, 
0.2 cc. of ascaridole and 2-3 cc. of 95% ethyl alcohol in 
pressure flasks and allowing them to stand a t  room tem- 
perature for approximately twelve hours. The yields of 
crude polymers were usually almost quantitative. The 
copolymers were purified by somewhat different methods 
depending on the physical properties. 

The copolymers from methyl IO-hendecenoate, 1- 
pentene and sulfur dioxide were extracted repeatedly with 
hot alcohol and then dried in an Abderhalden dryer. 

The copolymers from 10-hendecenoic acid, I-pentene 
and sulfur dioxide were insoluble but tended to swell when 
treated with organic solvents. This was particularly 
true of those with a high 10-hendecenoic acid content. 
Washing with cold ether seemed to be the best procedure 
for purifying these mixtures. The same treatment 
worked best for the copolymers from hendec-10-en-1-01, 1- 
pentene and sulfur dioxide. Some of these polymers were 
also purified by removing volatile material by steam dis- 
tillation. 

The copolymers from methylpropene, cyclohexene and 

sulfur dioxide which were soluble in chloroform were dis- 
solved in this solvent and then precipitated with ether. 
The insoluble polymers were washed successively with 
chloroform, alcohol and water. It should be mentioned 
that methylpropene and sulfur dioxide do not give a poly- 
sulfone when ascaridole is used as a catalyst but the co- 
polymer with cyclohexene is formed when this catalyst is 
used. 

The copolymers from phenylacetylene, I-pentene and 
sulfur dioxide were washed thoroughly with ethyl alcohol 
and then dried. 

The copolymers which have been prepared together 
with their physical properties and analyses are listed in 
Table I. In the column headed “S % Calcd.” are given 
the values which would be expected if the compounds 
combine in exactly the ratio in which they were put into 
the reaction mixture. I t  will be noted that not all of these 
values check and that some are not especially significant, 
yet these values coupled with the solubility behavior and 

TABLE I 
PROPERTIES OF COPOLYMERS 

Dec. 
Ratio M. P. of point of 

‘C. Solubility of polymer Calcd. Found moles O C .  
in polymer, polymer, s, % 

Methyl 10-hendecenoate and 1-pentene 
1:700 145-165 . . . Sol. in acetone, dioxane, 23.8 2 2 . 9  
1 : 100 135-150 . . . chloroform and benzene. 23 .5  22 .9  
1: 50 125-140 . . . Somewhat sol. in glacial 23.4 22.9 
1:20 125-135 . . . acetic acid and sulfuric 22.8 22 .4  
1 : s  100-115 . . . acid. Insol. in carbon 20 .6  2 1 . 6  

tetrachloride, carbon 
disulfide 

Methylpropene and cyclohexene 
18:l  . . . 250 Insol. chloroform, alcohol, 26 .3  26.16 

1:2 205-210 240 Sol. chloroform. Insol. in 2 3 . 2  22 .38  
3:2 200 240 ether, acetone and pe- 24 .5  22.14 

ether 

troleum ether 

Hendec-10-en-1-01 and 1-pentene 
17.4 17 .3  1 : l  90 210-235 
20 .8  20 .7  1:5 115 215-275 

1:20 150 220-280 Sol. in alcohol and ace- 23 .0  23 .6  
1:50 145 215-280 tone 23 .5  23.39 

23 .7  23.91 1:lOO 150 220-280 
23.87 23.71 Trace:l 150 220-280 

1 : l  90 
1 : 5  105 
1:20 130 
1:50 140 
1:lOO 140 

Trace:l 140 

1 : l  . . .  

3:2  . . .  

1:3 . . . 

10-Hendecenoic acid and 1-pentene 
230-275 16.75 15.51 
190-290 Insol. in all common or- 20.84 20.70 
220-290 ganic solvents 22.95 22.86 
225-290 23.49 23.31 
250-290 23.86 23.45 
285-305 23.88 23.86 

Phenylacetylene and 1-pentene 
210-215 Sol. dioxane. Slightlysol. 21.33 21.77 

in carbon tetrachloride. 
Insol. benzene, ether, 
chloroform, acetone, 
ethyl acetate 

acetate, ether, chloro- 
form, dioxane and ace- 
tone 

tetrachloride, dioxane, 
acetone. Insol. in ben- 
zene, ethyl acetate and 
ether 

270-276 Insol. in benzene, ethyl 2 0 . 5  20.22 

210-220 Sol. in chloroform, carbon 22 .3  22.51 



Lirtakdtmn prbducts indicate t h d  copolymers were ftallg. 
prddckd Ih all of tHbe t&s. 

A knotvh nlixture of methylptdpenepolysulfone and 
tpMoh~xenepolysulfone was tttated with ljeiizefie and the 
cycloliexenepolystdfbnc wds dissbived leilrirlg behltitl the 
r~ZthyiptopefteFialysulfonc. A sample of 1 g. of 1-penthe- 
IjojyWffdrfe wds dissblved In 10 cc. of liquid Sillfur dioxide 
attd 10 cc. of IO-hendccenoic acid, 2 cc. of ethyl alcohol and 
5 tlrops of ascaridblc t k t e  added. After stahding for 
twchtfi-lour hours, the mixed bolymcrs were prkcifiitated 
I)y pouring the mixture into watcr. THc excess Itf- 
Itcndecenolc acid Was remdeed by steam distilkition. 
'hcatment of the rcailtihg mixture of ptllymers with hot 
Fthyl afcbhol gave a solution of lO-hendcccnok acid poly- 
stiltone ilnd left an insoluble residue of 1 -pentenepolp- 
sulfone. 

Cleavdpe of Cgclohetene-Methplpro~~epolys~~es . -  
The c m l y m e r s  from s G h  dioxide and mixtures of cycfo- 
hcfcne and metftyipropcne wcrr treated with hot sodium 
hydroxide solution. Both niethylpropene and cyclohexene 
were identified in the decomposiiion products by means of 
boiling points and derivatides. 

Action of Liquid Ammonia on Cyclollefenepo1ysulfone.- 
Whtn tyclohexenepolysulfone was dissolved in liquid am- 
monia and t h e  reaction mixture allowed to  evaporate 
spontancously, as was done in other cases6 where poly- 
sulfones were conveitcd to cyclic disulfones by th,is treat- 
tncnt, no crystalline products were isolated. However, 
when 15 g. of the cycldhexencpolysulfone wag dissolved in 
liquid ammbnia, the solution scalcd in a rhsslirc bbttlc 
antl allowcd to dand  a t  aborit 0' overnight, thr polymcr 
\vas broken down. The pressure bottle was opcncd, the 
ainrrtonia allowed to' cvai)bratb and thc residue was crys- 
tallited from 70% alcohol. ThC yield o'f product was :{ g., 
t i l .  p. 145-14G.G0. Analysis and tnoleciilar weight showed 
that this product contained thrrc cyclohcxcrle arid two  
sulfur dioxide units. 

Anal .  Calcd. fur Cl~H2&O(: C, S8.(B; H, 7.L?; S, 
17.20; mbl. wt., 372. Found: C, 57.40; H, 7.44; S, 
1R.24; moi. wt. (ebullioscopic in betiteile), 358. 

Recrystallization of this product from glacial acetic 
acid converted it into a compound nieltifig a t  291 +hkh 
had the cbfnposition of the expected cyciic disulfbne. 

Anal .  Calcd. for Cl,Hi&04: C, 49.32; 11, 6.85; S, 
21.92; rtibl. wt., 292. Found: C, 49.15; H, 7.34; S, 
22.12; mol. wt. (cbuiiioscopic in benzcnc), 291. 

Thi$ disulfonc was also synthesized frorrt cyclbhexene by 
a ptbcedclr& similar to that described #of related p r ~ t l u c t s . ~  

To IN) g. of sulfur nionochloridr in a ;icKJ-cc. thrrr- 
ttc~cked round-bottomed flask +as d d d d  slowly and with 
Stirring 12s g. of cf.clotrcxcrlt.. The rraction mixture Was 
kept a t  about 55" during the addition of the olefin and for 
four hours afterward, A solution of sodium sulfide was 
prepared from -50.6 g. of sodhm in 800 cc. of absolute alco- 
hol by trcatineht f i t h  hydrogen sutfide as described by 
Bost and Conn.' Then the crude reaction mixture from 
t lie sulfur chloride cyclohexene reaction was added drop- 
bise tu  the sodium dlfide solutbn over a period of two  
and one-half h&trrs. The tkmpcrature of the reaction 

( 7 )  noct nnd Conn. "Organic, Syntheses," Volume S V ,  Juhrl 
\Viley and \Sons, Inc.. S e w  Sork, N. Y., 1!)35, p. 72. 

Inixturi dp& hbint81ified at thC boiling pbint of the blvent 
during this addition and the heating wad contlnucd for 
about twelve hours afterward. The reaction mixture was 
poured into 1800 cc. of wat& containing 600 g. of sodiuxrl 
chloride and !lie organic material was extracted willi low 
boiling petroleum &Her, After , the  solution had, been 
dried diter afih?drous sodium sulfat6 and filfered, the sol- 
vint was distilled off and the residue di$tilll.'tl under re- 
duced ptesrhiik. The main fraction boiled at 175-180" 
a t  Iti mm. and weighcd 10 g.; n w D  1.5211; da,,  1.0635. 
Analysis shorted that it was not the expected 1,4-dithianc 
but contained thrcc cyclohexcnc units antl two sulfur 
atoms. 

Anal. Calcd. for ClsH&: S, 20.79; mol. wt., 308. 
Pound: S, 2d.dl, 20.88; mol. wt. (ebuiliokcapic in bfn- 
tcnc), 306.5. 

Otidatiun of this prodikt wlth hpdrdsen petdxiae as 
d e ~ r i b e d  pretlodsly for telilted compttariir tgve a hlfane 
which after crlstdlkizaiioh frum alcohol melted a t  144- 
144.5" and was identical with the liquid ammonia break- 
dowii product of cyclohexenepolysulfone. This synthet,ic 
product on recrystallizatioh from acetic acid a& gave t h e  
cyclic disulfone helt ini  at 291 '. 
P,6 - Di - (W - carbhyh@i) - 1,4 - &Mane - 1;1 - bls- 

(diodde).--Using the general mAhod described previ- 
ously6 IO-hendecenoic acid was converted to the dithianc 
ir i  1 % yield ?'tie physical properties wc'rc: b. p. 9O-I(hC 
at l 0 - 1 2 i n m . ;  +'D 1.4417; dhzo0.842. 

Ayd. Calctl. for cnH4$;0,: s, 14.82. 1:ound: S, 
15.15. 

Oxidation gavc 1116 cyclii. ifistilfoiic whlcH after crystal- 
lization frorti dlhcidl a&ic akid hClted !it 184-185'. 

A t r d .  Caltd. for CnI$&Oe: 9, I2.g; ncnt. kqliiv., 248 
1;oiintl : S, 12.91; ncut. eqiiiv., 24.3. 

'This cyclic disulfone was a l e  obtained by thc action of 
liquid ammonia on the polysulfone from IO-hendecchoic 
acid. 

A C t M  of iiqdid k h t ~ C P  ad the Bopolj'iiier R2pslred 
f r d  fO-HeideWiolc AcM, l-PdFitlilt aiia Sdf i f t  Dib&dt. 
-The coptll*er fxr$ared from ti mixture of otk mble of 
Id-hefitldxfiblc acid and fide mdlu of I-behtktie oh sblutiori 
iil liqllia ddtnorila and sdbseqkt  evitpkiiatiofi of thki 
&ti& gave a &sidefable ahbunt  (80% of thk calctl- 
!atedl of alkali insoluble kydic disalfohe *hi& melted a t  
2&251°. THis hatctial wak appaieritlp not different 
from Z,S-di-n-prdpyl-l,4-dlthiane-l;4-bis-(di0fid~), m. p. 
2 5 7 O ,  previously obtained fr& ptrre I-p~tenepolysulfone. '  
h tiiixthrc of the gitducis rt~tltcd a t  2543-2W. 

Therc w b  alw f o n d  a imall anlotmt (40% of the cal- 
ciilated &aunt based dn the lO-hendcjcenoic acid used) of 
alkhli s6lhblc cycllt disulfbne. This melted a t  195" Bntl 
wh shown to be idcntikl with the Compourld deMbed  in 
tltc heft experlment. 

The copolpniet prepared from a mixture cdnklinirig 
cquiinblccular quantities of iO-hendecenoic add  and 1- 
pentctft +as dksolved in If~GH arnrrironfa ana then the 
soldtldn bas dlnwcd to evaporitte spontaneuugiy'. A 
single a h l i  Mluble product was dlltaind. The crude 
jtietd was above 75%. After t*o rwstall izations from 
alcohol the yield was still 63% of a compound, m. P. 1986. 
Tbis campound was titrated and s h d e d  a nd t r a l  cqdiva- 



Irnt of 377 whereas that calculated for a cyclic disulfohc 
having one molecule of 10-hendecenuic acid and tme of 1- 
pentene should have the value 382. 

i(i.97. 

sulfur dioxide to give products which correspotid 
r losel~ in mmpasftioll to the mixture used atid 
appear to be true copolymers. 

cquimolecular quantities of lO-hendec&noic acid 

A M l .  Calcd. for ci&:&oc: s, 16.75. Fobnd: ss 2. The copolymer prepared frod of 

No alkali insoluble sulfone was found and no cvidoicc 
,,as obtained l o  indicate that the c y ~ i c  disulfone havirlg 
I W O  units of IO-hcndccenoic acid was formed in this rcac- 
I ion. 

atid l-pClltelle has been show11 t0 have the StfdC- 
tl1rC 

I summtlry 

1. Mixed olefins and their defivatives or tiiis- 

Diary1 Ketone Peroxides 

BY C. S. MARVEL AND t T ~ t d t i  E. NrcHots 

Ditnetic and ttimerlc ketone peroxides from peroxide, which always afnotinted to 3-7% of the 
dialkjd and alkyl atyl ketones have been kfioiqh theoretical. 
tor somc timei but the corresponding diaryl ketone Denzophehone peronide was alsu obtained by 
peroxides apparently have not been described. the ozonolysis of 1, I-diphenylethene and 1,1 -dl- 
While studying thc ozonolysis of certain 1,I-di- phenyl-I-butene. I t  *as not obtained by ozoiiol- 
phenyl-1-alkeiiks (I), we isolated a high-melting ysis of 1 ,l-diphcnyl-4,4-diinethyl-1,2-pentadi~iie. 
iieutral compound which Proved to be diinctic Ozoriolysis of 1,1 -di-p-tolylctheiic, 1 , l - d i - h -  
Iienzophetlonc peroxide (11). 'f'his cmtfiurtica- tolylethene and I -pheiiyl-l-p-~olyfeth~ne gave 
t io i l  describes the isolatioti aiid the propcrtics o f  the respective ketone peroxidcs in 8-70/, friclds 
t i i t  Iattcr aiid of se\ era1 aitalogous compounds. No ketoite peroxide vas obtaltied in the ozartolysis 

of 1 ,I-dibiphcnylethcne but same p -  
(C61lb)*fO catbx4ypheiiyl biphenyl ketone was 

O3 CsHa z 11 111 isolated. In all uf these ozofidlysi's cx- 
. ( c s 1 i d 3 ~ f 0 C 6 H ,  per i~ef i t s  strlall a m a n t s  of the acids 

which fntght be lxpected f t o h  Qedv- 
age of the diaryl ketofies *ere isufded. 

AI1 uf these diary1 ketone pertmidcs 

hrat 

i 
COH6 

>C-CHK -+ [ , 0 2 1  

I I1 
CsH6 1 1 2 0  CslI,' 2 C%C0*HF I\' 

L2(% (CJL)zCHC)Ff 
\' 1110 

were quite insoluble in ethanol ; were' dlfficdtly 
soltlblc in ether, acetohe, ethyl acetdte, and acetic 
acid; a i d  fairly soluble in  liot benzene and cattxnl 
tetrachloride. THey all helted sharply withiii 
thc limits of IS3 to 2%' di th  some libefation of 
gas and soMe evitieiiw of shblimation at the - 
melting poitit. None exploded at the fncltlrig 
p i l i t ,  although some less pure samples gave off 
gas a t  a fairly rapid rate in the melting poitit 
tubes. 

Bcnzophcncme peroxide when heztted for live 
miitutcs a t  its mcftirig point (214-215') was de- 
composed completely to give benzophenone (111). 
It was noted that recfystallization of t h e e  perox- 
ides ftom irafious Wlvents always caused con- 

I t  is sorhedihat sutprisiiig that diaryl ketone 
peroxides have fiot been rioted In eatlief ozonolysis 
rcactioiis since both dialkyl and alkyl aiyl ketoiic 
pvroxides have been prepared by this procedurc.' 
rlftet our accidental discovery of beiizophenonc! 
prroxidc, a large tiumber of experirrients orl the 
c~zotiolysls of 1,1 -dipheiiyl-l -propene w-ds carried 
out. Carbon tetrachloride was used as a solvent 
for the ozonizetion. ' Many changes in experimen- 
ta1 conditions of ozc~iization arid of hydrolysis 
did hut greatly affect the yield of benzophenone 

( 1 )  The literature concerning fhese compounds has been summa. 
rizid Rieche: (a) "Alkylperbxy& rthd Ozonide. Stnditn ubet 
riccofpdiscbco Suacrstoff," Stdnkaptr. D r d c o .  f991; (b) " I X C  
HdeatOng d a  orgsniwhen Peroxyde fur die chemirhe  Wis?nn. 
schnlt und 'rechnik," Ahrens Sammlung. S4, 1 ( I ! l % ) ,  13nke. Stuit .  
g a r t .  


