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and 12.5 g. (0.122 mole) of acetic anhyride. The reaction 
mixture was sealed and heated to 100" in the constant tem- 
perature flask with refluxing distilled water for 72 hours. 
The mixture was processed in the same manner as was the 
solvolysis mixture; final distillation through the Oldershaw 
column yielded fraction 1, b. p. 39-130", 3 ml . fraction 2, 
b .  p. 130-135', 1.5 ml.; and fraction 3 ,  b.  p .  1$5-14O0, 13.0 
ml. The infrared spectra showed the presence of butyl ace- 
tate in all three fractions. The fractions were combined and 
a weighed sample was diluted with a weighed sample of 
spectro grade carbon tetrachloride. The infrared spectrum 
was taken in a 0.121-mm. cell using a 0.118-mm. cell con- 
t airling pure carbon tetrachloride as the reference. Authen- 
tic mixtures of dibutyl ether and butyl acetate were pre- 
purcd, brought to  the same dilution with carbon tetrachloride 
and the infrared spectra were taken in the same cells. In 
this manner, it was estimated that approximately 2.3 ml. 
(2.0 9.) of butyl acetate was formed. No alcohol band was 
apparent. 

Isotopic Dilution Experiment for Determination of Excess 
n-Butyl Acetate Produced in the Solvolysis.-In a constant 
temperature flask, 220 ml. of dibutyl ether was added to  20.0 
g .  (0.0771 mole) of I dissolved in 180 ml. of dry acetic acid. 
A neoprene stopper was wired on and the solvolysis was car- 
ried out under conditions identical to  the previous solvolysis 
( i f  I-d. Before processing the reaction mixture, however, 
4.0835 g. of l-butyl-l,l-ds acetate was added. The same 
procedure was used as before checking carefully for purity of 
the product with infrared techniques. 

The butyl acetate fraction was analyzed for deuterium in 
tlie infrared using the analytical curve technique with stand- 
ard mixtures. Since the ester contained 22.0 2c0.8yo of 1- 
butyl-1,148 acetate, 14.5 f 0.7 g. of butyl acetate was pro- 
duced in the solvolysis. The theoretical yield is 8.96 g.; 
hence the yield is 162 f8%. 

Test for Solvolytic Cleavage of Diethyl Ether .-In 4,50 
ml. of a mixture of 55% (by volume) of anhydrous diethyl 
ether and 45y0 of acetic acid was dissolved 23.5 g. (0.091 
mole) of I to  give an approximately 0.2 M solution. The 
reaction mixture was heated to  100" for 72 hours in a con- 
stant temperature flask using refluxing distilled water as  the 
heating bath. After cooling and basification with aqueous 
sodium hydroxide in the usual ma.nner, the aqueous layers 
were extracted with ether. The ether extracts were dried 
and distilled. A series of fractions were obtained which 
were shown to consist of ethanol, ethyl acetate, 1-butanol, n- 
butyl acetate and very probably n-butyl ethyl ether. The 
analysis was carried out by infrared spectroscopic comparison 
with authentic mixtures and by gas phase chromatographic 

analysis of the products and of authentic mixtures using a K 
and M Scientific Glassware Co. model 17A gas phase chro- 
matograph. The column was packed with a 2570 liquid 
partition of Dow-Corning Silicone grease on Celite (35/80 
mesh, Johns-Manville Chromasorb). The chromatography 
was conducted a t  room temperature using helium flow rates 
of about 50 ml./min. and a filament current of 400 ma. i\ 
\;arian Recorder, model G10, was used in conjunction with 
the instrument. 

Control Run to Test for Cleavage of Diethyl Ether by f'- 
Nitrobenzenesulfonic Acid.-Enough acctic anhydride was 
added to a 0.2 1M solution of p-nitrobenzenesulfonic acid 
hydrate in 55% (by volume) anhydrous diethyl ether, 4570 
acetic acid to take up the calculated amount of water in the 
sulfonic acid. The reaction was conducted under the same 
conditions as the previous experiment and was processed in the 
same manner. Ethyl acetate was identified by comparison 
of its infrared spectrum with that of an authentic sample. 
Distillation yielded approximately 5 cc. Iyhich was contatri- 
mated with ethanol. A pure cut was obtained for the in- 
frared comparison. From the residues, crystalline ethyl p -  
nitrobenzeiiesulfonate 7%-as isolated, m.p. 91.5-92.5' (lit.14 
rn. p. 92-92.5'). 

A n d 1 *  Calcd. for CsI€90bNS: C, 41.65; H, 3.92; X, 
6.06. Found: C, 41.85; H, 3.96; N, 6.14. 

Treatment of n-Butyl p-Nitrobenzenesulfonate with Te- 
trahydrofuran at 100' .-Cummercial tetrahydrofuran was 
purified by refluxing 10 liters for 6 hours with 1.5 lb. uf 
phosphorus pentoxide. The mixture was distilled and 7 
liters (b. p. 65-66") was collected. The distillate was dis- 
tilled from sodium ribbon before use. 

A solution of 10 g. of I in 130 ml. of tetrahydrofuran was 
maintained a t  100' for 13 days in a constant temperaturc 
flask. After cooling, the reaction mixture was found to be 
acidic. The mixture was brought to  about pH 7 by the 
addition of dilute sodium hydroxide solution. After removal 
of most of the tetrahydrofuran by distil!ation, 200 ml. of salt 
water was added and the aqueous solution was extracted 3 
times with 100-ml. portions of ether. The combined ether 
extracts were dried with anhydrous sodium sulfate and the 
ether was evaporated. Only a black viscous liquid and car- 
bonaceous material remained. Most of this residue was 
dissolved in hot benzene, but fractional additions of hexane 
caused only the separation of black tars. No tractable 
products could be obtained. 

(14) Xi. E. Robertson, Can. J. C h e w . ,  31, 589 (19Z3). 
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The rates of decomposition of the cyclic azo compounds (11, n = 6, 8, 10) have been determined a t  three temperatures. 
A11 three compounds were found to have activation energies for the decomposition and spectral properties similar t o  a 
linear analog, 1-azo-bis-I-phenylpropane. The decomposition of 11, n = 8, in cis-stilbene yielded only a trace of adduct, 
while cis-stilbene scavenged 16% of the radicals from 1-azo-bis-1-phenylpropane, demonstrating a cage effect operating in 
the case of the diradicals produced. 

In a continuation3 of a study concerned with the 
preparation and properties of moderately active 

(1) This is the 26th in a series of papers concerned with the prepara- 
tion and decomposition of azo compounds. For the previous paper 
in this series, see C. G. Overberger and I. Tashlick, THIS JOURNAL, 
in press. 

(2) (a) This paper comprises a portion of a thesis presented by 
Mr .  I. Tashlick in partial fulfillment of the requirements for the de- 
gree of Doctor of Philosophy in the Graduate School of the Polytechnic 
Institute of Brooklyn. (b) This paper comprises a portion of a thesis 
presented by Mr. M. Bernstein in partial fulfillment of the require- 
ments for the Bachelor of Science degree in the Polytechnic Institiite 
of Brooklyn. 

(3) C. C,. Ovrrberper and hl.  Japkin ,  THIS JOURNAI. 71, t A 5 1  
( I !I3h)  

diradicals in solution3 (A discussion of organic 
diradicals and their role in polymerization appears 
in reference 3), the results obtained with the 24- 
membered ring azo compound (11, n = S), pre- 
viously reported, are compared with several other 
large ring azo compounds. This paper describes 
the preparation of 20-, 24- and 28-membered ring 
azo compounds (11, n = 6, 8, lo), the spectral 
properties of the corresponding azines and azo 
compounds, the determination of the rates of de- 
composition of the azo c o i n p o u n d s  a t  three tem- 
peratures aii t l  thc tlccoinpositioti of the 2,4-tnem 



Dec. 20, l!)5S DECOMPOSITION OF LARGE RING Azo COMPOUNDS 6557 

bered ring azo compound (11, n = 8) in the presence 
of radical scavengers. 
I. Synthesis of the Large Ring Cyclic Azo Com- 

pounds 
A. Discussion.-The 24- and 28-membered 

ring azines used in this work were previously 
prepared3 by the reaction of hydrazine hydrobro- 
mide with the corresponding ketones under condi- 
tions of high dilution. The ketones used were pre- 
pared by the Friedel-Crafts reaction of the diacyl 
chloride and benzene as described in reference 4 for 
1,6-diphenyl-l ,6-octanedione. In addition] the 
combined residues from several preparations of the 
28-membered ring azine (II n = lo), yielded a trace 
of yellow solid which analyzed correctly for a 14- 
membered ring azine. 

CsHs 

c=o I 

I c=o 
CeH6 
I 

I11 (n = 6 ,  8, 10) 

theoretical amount. Melting point proved to be 
an inadequate criterion of purity in this instance] 
since lower melting samples often were found to  
give higher yields of nitrogen than higher melting 
ones. This may be due to the fact that the melt- 
ing points are actually decomposition temperatures, 
and the samples containing more azo compound 
would decompose faster. 

In  order to resolve this difficulty, the ultraviolet 
spectrum of freshly hydrogenated 24-membered 
ring azine was examined, and a marked change 
in absorption with time was noted. The optical 
density a t  360 mp (Ama, for the azo compound), 
initially 26y0 of the value for the pure azo com- 
pound, rises in 24 hours to a maximum, and then 
falls. These data are interpreted to mean that 
air is oxidizing the intermediate hydrazine to the 
azo compound, which in turn is isomerizing to a 
hydrazone. The hydrazone was not isolated but 
would be expected to absorb strongly a t  290 mpe6 
This would account for the large increase in ab- 
mrption, a t  wave lengths shorter than 350 mp, 
with time. Even after 24 hours, the time of maxi- 
mum concentration of azo compouiid, some hy- 
drazone was present as shown by the absence of 
the characteristic minimum at 302 mp. When a 

C6H5 /c \!”\C,H~ dilute chloroform solution of pure 24-membered 
1 (n  = 6, 8, 10) ring azo compound (I1 n = 8) was allowed to 

stand for 200 hr., the ultraviolet absorption indi- 1 1, H ~ ,  pd cated that isomerization to a hydrazone occurred 
a t  a slower rate. The 6-and 7-membered ring azo i2* Hgo 
compounds (IV, n = 2, 3) have also been found to 

(CH2)n 
/ \  

~ 

C&C CC6Hs 

I‘ 3-3 ”I 
H H 

IV, n = 2, 3,4 

be readily tautomerized16q7 and their corresponding 

/ compounds. Hinman8 found that attempts to 
C6Hs CsHs isolate some 1-benzyl-2-alkyl hydrazines gave only 
’I (’ = 8n lo) the corresponding hydrazones, and other similar 

A + (CHJ n (CHz) n 

hydrazines were capable of autoxidation to the azo 

In developing a synthesis for the 24-membered 
ring azine (I, n = 8), Lapkin5 had reported a study 
of the yields of product in the reaction of hydrazine 
salts with l,lO-diphenyl-l,lO-decanedione under 
varying conditions. In  the present work, addi- 
tional modifications for the cyclization reaction 
were tried; thus l,lO-diphenyl-l,lO-decanedihy- 
drazone was prepared, and several unsuccessful 
attempts were made to cyclize this dihydrazone 
either by reaction with additional 1 10-diphenyl- 
1,lO-decanedione or by intramolecular cyclization. 

In  the preparation of the azo compounds from 
the azine via the intermediate hydrazine, i t  was 
found that the product isolated from the hydro- 
genation was not always a pure azo compound 
and that oxidation of the intermediate hydrazine 
on “work up” was often incomplete. Decompo- 
sition of material melting a t  128-130’ led to  
yields of nitrogen ranging from 25 to 55% of the 

( 4 )  H .  Gilman and A .  H. Blatt,  “Organic Syntheses,” Coll. Vol. IT. 

( 5 )  M .  Lapkin, Ph.D. Thesis, Polytechnic Institute of Brooklyn, 
John Wiley and Sons, Inc.. N e w  York, N Y , 1943, p. 169. 

lQ.55. 

examples were cited.- In view of the results with 
the cyclic azo compounds, i t  would seem reasonable 
that the azo conpounds are intermediates in the 
oxidation of these hydrazines to hydrazones. 

The difficuities involved in the reduction of the 
large ring azines were previously discussed, 
and i t  was found that the procedure previously 
employed gave insignificant yields with the 20- 
membered ring azine (I, n = 6). It was subse- 
quently found that the use of palladium-on- 
charcoal in tetrahydrofuran easily reduced the 
entire series of cyclic azo compounds. The 
necessity for rapid oxidation of the intermediate 
hydrazine was met by immediate oxidation with 
mercuric oxide of the solution from the hydrogena- 
tion. 

The ultraviolet spectral data of the 20-, 24- and 
28-membered ring compounds are summarized 
in Table I. 

(6) S. G. Cohen, S. Hsiao, E. Saklad and C. H.  Wang. THIS JOUR- 

(7)  C. G. Ovcrberger and J. G. Lombardino, ibiii., 80, 3009 (1958). 
(8 )  R. L. Hinman, ibid., 79, 414 (1957) .  

N A L .  1 9 ,  4400 (1957). 



T A B L E  I 

The evalues in the range O i  34,000 to  37,000 are 
in agreement with the value obtained and shown 
in the table for the linear analog, propiophenone 
' >  ,L7iIle ('"5% max EtOII , E 22,500).9 In the comparison 
of  data with the linear analogs the €-values should 
be divided in half since the cyclic compounds 
coiitaiti two azine groups. 

:Zn independent value (found in this work) for 
tlie absorption of 1-azo-bis-1-phenylpropane'0 cor- 
relates with the cyclic compounds and the other 
linear homologs. Thus the cyclic azo compounds 
have the same maxima and very similar intensities 
of  absorption, per azo group, as the linear analogs. 
.llthough the C - N  absorption, in the infrared, of 
acetoneazine occurs at G . O 1  p and furfuralazine a t  
6.15 1-1," the 24- and 28-membered ring azines 
(I, 11 = 8, 10) have strong peaks a t  6.25 and (5.38 p. 
The same peaks are present in the 20-membered 
ring azine (I, n = 6) at 6.23 and 6.35 p.  In each 
case conversion to the azo compound causes the 
I'eak a t  6.23 p to diminish considerably in intensity 
wliilc the otic at 6.35 p almost disappears. The in- 
irnretl spectra of the 8-nienibered ring azines anti azo 
coniI)otintls (II-, 11 = ,I) xnd the azine aiid azo 
cciiiipounds derived froin propiophenorie sliow 
itleiiticnl beliavior. It would appear that  thcse 
two bands are associated with the azinc link in 
these particular ~ o ~ ~ ~ p o u ~ i d s .  

B. Experimental.12 1 ,IO-Decanedicarboxylic Acid.-- 
'I ' l ic acid. was prepared according to the procedure of Jones . I3  
Tlie benzoyl peroxide-catalyzed addition of hydrogen bro- 
iriitle to 443 g. (2.4 moles ) of lO-uiideccnoic acid gave 380 g. 
(60%) of 11-brornoundecanoic acid, m.p.  50-51" (111.p. 49- 
50°, (i6-70yO).l3 

I~roni 245.0 g .  (0.92 iiiolc) of 11-broiriouiidecanoie acid, 
tlicre mas obtained bj- nitrile substitution and subsequent 
11y 190 g. (90%) of I,l0-decanedicarbox~.lic acid, 
I l l .  -128' (1n.p. 121-124.5, jO'%),3 (iii.p. 126", 
93 

Preparation of the a,w-Dibenzoyl Alkanes .-All the di- 
ketones were prepared according to  the procedure iii refer- 
ence 4 for 1 ,B-diplienyl-1,6-hexanedione. 

(A) 1,8-Diphenyl-l,8-octanedione.-Frotn 75 g. of su- 
lxric acid (0.43 mole) there was obtained 107 g. (88'") of 
l,X-diphenyl-l,8-oetanediotie, I I I . ~ .  90-91' (n1.p. no 
>-icld r e p ~ r t e d ' ~ ) .  

(B)  1,lO-Diphenyl-1 ,IO-decanedione.-From 200 g. (0.81 
inole) of scbocyl chloride there was obtained 235 g.  (91%) 
( 7 f  l , lO-dipher~yl - l , l i~-~ec~i~~edio i ie ,  1 n . p .  94-95' (m.p.  94.- 
Xio, 757h).3 

(C) 1,12-Diphenyl-l,12-dodecanedione.-~ 1;ruiii IS!) g. 
(0.82 mole) of 1,lO-decanedicarboxylic acid there WLS r i b  

txincd 200 g.  (TOYG) of 1,12-diphenyl-l,12-dodec~iiietlione, 
n1.p. 97-98' (rn.p. 98-99', 6870j.3 

Preparation of the Large Ring Cyclic Azines .--.-'Hiex 
compounds were o1)t~ined by a slight modificatioti of tlic 
procedure prei-iously described8 for the 24-membered ring 
azine (I ,  IZ = 8). A solenoid valve was used to control the 
addition every 30 seconds for a period of 5 days :ind in- 
stcad of precipitating the crude azine with x-ster and rc- 
moving the resulting sticky solid by filtration with filter-aid , 
i t  was extracted with benzene and washed with water and 
dilute acid sex-era1 times, and subsequently recovered froiii 
the beiizene la? er. 

A. 3,10,13,20-Tetrapheny1-1,2,11 ,12-tetraaza-2, 10,12 ,- 
20-cycloeicosatetraene (I, 12 = 6).--Frorn 20.34 g. (0.1s 
mole) of h rd ru ine  moiioli~rlrobromide and 53.0 8 .  (0.1s 
r~iolej  of 1 ;8-diplieriyl-1,8-dctaiiediorie there was d)tdiiicd 
13 g. (25';;) of >-ellon. crystals, n1.p. lA9--170", Iroiii :iect(iiic. 

B. 3,12,15,24-Tetraphenyl-l,Z,13,14-tetraaza-2,12.14.-. 
24-cyclotetracosatetraene (I ,  n = 8).--l~roi11 20.34 g .  fl!.lS 
Iilcilc) of hydrazine ~i~ot~oli~drobroniit ie ;uid 58.0 g. ((.I. 1 %  

l-l,l0-decanedio1ie there IVLS o i l -  

tnined 11.4 g. (2  

aphenpl-l,2,15,16-tetraaza-2,14,16 ,- 
28-cyclooctacosatetraene (I, ti = lO).--Froin 20.4-1 I:. 
(0.18 mole) of hyrlmzine rii,-iti(i!iydrobrolliidc aiid (%.I g .  

catledinlie there IY, is 
(111.11. 108 -l(J9..j0, 

a i i t l  l<:ist nicilccul:ir 
\wight was reported iii referetice 

: l m l .  Calcd. f i r  CjrHinS:. 1n01. I Y L . ,  (i<jf;. I ~ o t i ~ i i l :  
mol. v t . ,  741 (cbu~liosroyic i i i  butanoiic;. 

D .  Isolation of 3,14-Diphenyl-l,2-diaza-2,14-cyclotetra- 
decadiene.---A 30-g. i i i i i  of the residual yellow oil rc- 
inaining from the ibo i i  id tlie 28-inernbered riug azitic 
( I ,  7 2  = 10) was \Y:E with 811 nil. of boiling iiieth:iiiol. 
Tlle inethanol 1v:is dcc:iiil c.d :tnd tlie oily residue w'ts rx- 
tracted with 100 iiil. of 1)oiliiig pctroleuin ether (b.11. :3!)  
,50°). The sticky ye1lo.v residue from tile pctroleuiii ether 
solution i w s  dccolorizi:d n ith car1)riil anid recrystallizetl froill 
petroleurn ether to givc 7;: mg. of  long yeilon- iiccdles, 111.1,. 
90-95". .ifter tliree recry\t;illizations frixii pctrcilciuii 
<,tiler (b.p. 30--50" !, tlicrc \ \: IC 1~11taiiied 47 lug.,  111.1,. !Ki 

-ed ineltiiig 1111iiit cleterniinatiim nitli ~S- I I ICI I I -  
zine in.p.  1!1--112". iiieltctl :it nB-9-i'. 

)$ m.p. 14.5-1M0, yelloiv er> 

A n a l .  Calcrl. for C.:.lI;,,O:: c 
1l lOl .  wt., 346. I~ollllll: c ,  83. 
N. 7.73; 111lJ1. \\-t .)  217 (I<;tst 1, : 
OIlc J.  

The infrared spcctruiii \vas differcut fro111 tliut of tlle 3- 
tiieiiibcred ring azine ( I ,  7~ = 10) but showed strong peaks 
a t  6.24 and 6.34 ,u. 

Preparation of 1 ,lO-Diphenyl-l, 10-decanedihydrazom- 
.I solution of 38.9 g. (0.12 mole) of 1,10-dipheny1-1,10- 
rlccanedione arid 14.5 g. (0.246 mole) of 85% hydrazine liy- 
drate were dissolved in 250 ml. of ethanol and refluxed for 
7 hours. The solution was cooled overnight and 27 g. 
(64'3) of yellow crystals, 1ii.p. 104-105", was collected. 
--In analL-tical sample ~ n s  obtained by recrystallizing twice 
from methanol and twice from carbon tetrachloride; yelloiv 
needles, m.p. 106-108". 

A n d .  Calcd. for Cr21Tn,,Nir: C, 75.39; 1-1, S.(i;;; H ,  
12.08. Found: C ,  73.fj7; H, 8.32; N, 1530, 16.07. 

Preparation of the Large Ring Azo Compounds from the 
Azines. A. 3,10,13,20-TetraphenyI-l,2,11,12-tetraaza-l,- 
11-cycloeicosadiene (11, rt = 6).-To a solution of 9.0 g. 
(0.015 mole) uf the  2@-1ric111l)ered ring azinc ( I ,  n = f i )  in 

etrahytlrofuran, 1.8 g .  of 10%) pdladiurri-oti- 
:iclded. Thr svlutioii was hydrogenated :it a n  

re of 4:l p.s.i. at room temperature for 14 hours 
. r i i t l  the tlieoi-eticd i t i i i o l i t i t  of hytlrogcii TKLS a1x)rl)t.d. I t  

(lie Parr :ipp:tratus Trith :L pol~-eth~-lene cap to prcvciit ex- 
cch4X-e softeuirig of the rubber. The eatdyst was reiiiovcd 

0.14 mole) of mercuric oxide was added, 
ii-r>' ic i i  ii~~i~~ietic~~lly i t  irred for 9 11ours. 

\ \ , l \  f l l L l l l d  ~ l ~ ~ ~ ~ l l l ~ ~ l ~ V i l l l ~  t i )  CYJYer tile l l ~ ' l ~ ~ l l ~ ~ l l V  S t ( J l J l I l ' 1 .  i'f 



The solid was removed by filtration, and the tetrahydro- 
furan was removed under vacuum a t  20'. The residue, a 
yellow-orange oil, was dissolved in 20 ml. of benzene and 80 
ml. of ethanol, the hot solution was decolorized with char- 
coal, filtered and cooled to give white crystals, 3.2 g., m.p. 
118-121" dec. Recrystallization from 20yo benzene in 
ethanol gave 1.5 g. (177'), m.p. 150-151" dec. An analyti- 
cal sample was obtained by recrystallization from 12.5% 
benzene in ethanol, m.p. 150-151" dec. 

Anal. Calcd. for C40H48N4: C, 82.15; H ,  8.27; Tu', 9.58; 
mol. wt., 585. Found: C, 82.25; H, 8.15; E, 9.61, 9.63; 
mol. wt., 562 (ebullioscopic in butanone). 

B. 3,12,15,24-Tetraphenyl-l,2,13,14-tetraaza-1,13-cyclo- 
tetracosadiene (11, n = S).-From 21.0 g. (0.033 mole) of 
24-membered ring azine (I ,  n = 8) was obtained 10.4 g. 
(49%) white crystals, m.p. 120-123" dec. Recrystalliza- 
tion from ethanol gave 8.0 g. (38%), m.p. 124-125" dec. 
(m.p. 130-131" dec. 80% crude, Amax 355 mp log e 2.1). 

C. 3,14,17,28-Tetraphenyl-1,2,15,16-tetraaza-l,15-~y- 
clo6ctacosadiene.-From 5.0 g. (0.0072 mole) of 28-mem- 
bered ring azine (I, n = 10) mas obtained 1.5 g. (307,), 
m.p. 126-128" dec., of the 28-membered ring azo compound 
(11, n = 10) (.m.p. 129-131" dec., 257, ~ r u d e ) . ~  .4n ele- 
ment analysis is reported for this compound in reference 3. 

Anal. Calcd. for Ca~H84N4: mol. Mt., 697. Found: 
mol. wt., 631 (ebullioscopic in benzene). 

Preparation of Propiophenone Azine and l-Azo-bis-1- 
pheny1propane.-These compounds were prepared accord- 
ing to the method of Cohen, et aZ.1° 
11. The Decomposition of the Large Ring Azo Compounds 

A. Experimental.12 Decomposition Product from the 
28-Membered Ring Azo Compound (11, n = 10).--A glass 
tube was filled with a solution of 1.5 g. (0.00215 mole) of 28- 
membered ring azo compound in 25 ml. of xylene, flushed 
several times with nitrogen, evacuated and sealed. The 
tube was kept a t  111' for 35 hours, opened and rinsed with 
chloroform. The solvents were removed under vacuum to 
give a yellow opaque oil which was dissolved in 30 ml. of 
chloroform, treated with decolorizing charcoal and filtered. 
Removal of solvent gave 1.4 g. of a viscous light yellow 
liquid. The distillation of 0.77 g. of this liquid in a Craig 
column a t  10-5 mm. and a bath temperature of 310' af- 
forded 0.65 g. (84%) of a white glass which did not decolor- 
ize potassium permanganate solution. The glass analyzed 
correctly for the 24-membered ring cyclic hydrocarbon, 
1,2,13,14-tetraphenylcyclotetracosane (111, n = 10). The 
infrared spectrum was identical to the hydrocarbon ob- 
tained from the 24-membered ring azo compound (11, n = 
8).3,6 

Anal. Calcd. for C48He4: C, 89.94; H, 10.06; mol. wt., 
641. Found: C, 89.96, 90.10; H, 9.89,9.94; mol. wt., 608 
(ebullioscopic in benzene). 

Decomposition Product from the 20-Membered Ring Azo 
Compound (11, n = 6).-The xylene solutions from six rate 
determinations in which a total of 1.30 g. (0.0022 mole) of 20- 
membered ring azo compound (11, n = 6)  was decomposed 
were combined and the solvent was removed. The residue 
was washed into the tared tube of a sublimation apparatus 
with petroleum ether (b.p. 39-50"), the solvent was evapo- 
rated and the residue was dried in a vacuum oren for 5 
hours a t  110'. The residue weighed 1.11 g. (86%) and was 
distilled molecularly in the sublimation apparatus a t  190- 
200' (0.1 mm.) for 60 hours to yield 0.85 g. (66%) of a 
white wax. For an analytical sample, 0.2 g. was redis- 
tilled molecularly a t  190' (0.1 mm.) for 12 hours, and a 
colorless glass, which did not decolorize potassium perman- 
ganate solution, was collected. The compound analyzed 
correctly for the cyclic hydrocarbon, 1,2,9,1O-tetraphenyl- 
cyclohexadecane (111, n = 6). The infrared spectrum of 
this compound differed mainly in the fingerprint region, 
when compared to the spectra of the hydrocarbons from 
the 24- and 28-membered ring azo compounds. 

Anal. Calcd. for C40H48: C, 90.85; H ,  9.1.5; mol. wt., 
529. Found: C, 91.18; H, 8.89; mol. wt., 540 (ebullio- 
scopic in butanone). 

Decomposition of the 24-Membered Ring Azo Compound 
(11, n = 8 )  in Maleic Anhydride.--,4 glass tube was filled 
with 1.6 g. (0.0025 mole) of 24-membered ring azo com- 
pound (11, n = 8) and 9.8 g. (0.1 mole) of maleic anhydride, 
flushed with nitrogen, evacuated and sealed. The tube 
was heated a t  110' for 14 hours to give a clear amber solu- 

tion. The contents of the tube were boiled with water for 
a half-hour, and then extracted with 100 nil. of ether. The 
residue from the ether solution was a yellow oil which was 
dissolved in 60 ml. of 57, potassium hydroxide, stirred with 
decolorizing carbon and filtered. A4cidification of the solu- 
tion with dilute hydrochloric acid gave 1.5 g. of a tan pre- 
cipitate, m.p. 120-132'. Reprecipitation from basic 
solution with hydrochloric acid gave a tan solid, m.p. 122- 
140" (Anal.; C, 70.21; H, 6.87). The composition of the 
crude adduct corresponds approximately to 3.7 units of 
maleic anhydride for every two diradical residues. 

Attempts a t  purification by recrystallization, elution 
chromatography and ion exchange chromatography failed 
to yield a homogeneous product. 

Decomposition of the 24-Membered Ring Azo Compound 
(11, n = 8) in cis-Stilbene.-In a SO-ml. flask, equipped with 
a top-entering magnetic stirrer and a side arm through 
which the nitrogen to be evolved was collected, was placed 
3,: g. (0.19 mole) of cis-stilbene.15 The system was flushed 
with nitrogen and the flask kept a t  120". After the addi- 
tion of 2.53 g. (0.0039 mole) of 24-membered ring azo coni- 
pound (11, n = 8),  9970 of the theoretical quantity of nitro- 
gen was collected in 5.5 hours. 

The stilbene was removed by vacuum distillation and the 
residue was washed into the tared tube of a sublimation ap- 
paratus with ether; after removal of solvent the residue was 
dried in a vacuum oven 4.5 hours a t  120". The sublimation 
apparatus was assembled and heated a t  90-100" (0.1 mm;) 
for 30 hours, and 0.3 g. of tvans-stilbene, m.p. 124-125 , 
was collected. A mixture melting point with authentic 
Irans-stilbene, m.p. 124-125", was not depressed. The 
temperature was raised to 165-175" (0.1 mm.), and a white 
glass, 1.37 g., was collected on the cold finger in 12 hours. 
This glass was dissolved in petroleum ether (b.p. 39-50") 
and cooled to l 5 O ,  to give a white sticky \\-ax, which was re- 
crystallized from petroleum ether to give 0.09 g. of white 
solid, m.p. 94-100O. The white glass, 1.28 g. (55%), was 
redistilled molecularly to give an analytical sample which 
analyzed correctly for the 20-membered ring hydrocarbon, 
1,2,11,12-tetraphenylcycloeicosane (111, n = 8) previously 
reported.3 The infrared spectrum was identical with the 
previous spectrum of that compound.6 

Anal. Calcd. for CarHjs: C. 90.35, H, 9.65, mol. wt., 
585. Found: C, 90.23, H, 9.83; mol. wt., 628 (ebullio- 
scopic in butanone). 

The temperature of the sublimation apparatus was then 
raised to 17'0-190" (0.1 nim.) and 0.16 g. of a white wax 
was collected. This was combined with the white solid 
already isolated to give 0.25 g. (11%) and recrystallized 
from n-hexane gave 0.08 g. ,  m.p. 110-112'. The infrared 
spectrum showed a strong peak a t  10.38 p indicative of 
unsaturation.' The ultraviolet spectrum exhibited a cyclo- 
hexane Xmar 249, log E 4.26, and a shoulder a t  285 mp, log e 
3.21. The compound slowly decolorized bromine in carbon 
tetrachloride and analyzed correctly for a product consisting 
of two diradical residues. 

Anal. Calcd. for: C41HS6: C, 90.35; H, 9.65; mol. wt., 
585. Found: C, 90.26, 90.57; H, 9.76, 9.66; mol. wt., 
518, 537 (Rast). 

The dark residue left in the sublimation apparatus 
weighed 0.67 g. (29y0). The dark residue 0.63 g. from a 
similar experiment could be eluted from a 22-g. column of 
alumina (Woelm, activity 1, almost neutral) with n-hexane 
to give 0.46 g. of white glass and 0.008 g. of dark yellow oil. 
The glass was dried a t  175' (0.1 mm.) for 25 hours to givean 
analytical sample whose analysis agreed with that of the 
compound isolated by molecular distillation above. Found: 
C ,  90.69, H, 9.58; mol. wt., 668 (ebullioscopic in benzene). 
The infrared spectrum was also identical with that of the 
previously isolated 20-membered cyclic hydrocarbon, 
1,2,11,12-tetraphenylcycloeicosane.~ 

In another experiment, 2.4 g. (0.0037 mole) of the24-mem- 
bered ring azo compound was decomposed in 27 g. (0.15 
mole) of cis-stilbene in a sealed tube a t  120' for 6 hours. 
The cis-stilbene was removed by vacuum distillation and the 
residue was eluted from 25 g. of aluminn with petroleum 
ether (b.p. 39-50'), and 1.03 g. of a white semi-did and 
0.55 g. of a white glass was isolated. The semi-solid was 
recrystallized from petroleum ether (b.p. 39-50') a t  20" to 
give 0.51 g. of white sticky solid. A 0.45-g. portion of this 
solid was recrystallized twice with 6-ml. portions of petro- 

(15) R. E. Buckles and S G. Wheeler, Or,?. Syntheses, 33, 88 (1953). 
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TABLE I[ 
THE DECOMPOSITION OF THE LARGE RING CWJX Azo Coawocms IN  SYIXNB 

k X 10-'osec.-' E ,  kcal./niule S(1203).  
Compound 110 I"]" 1300 e .u .  

11, n = 6 0.720 i 0.033 2 .30  rt 0.09 6.90 i 0 , l S  34.8 & 0 . 4  13.1 rt 1 .2  
11, n = 8 .763 + ,038 2.46 i .1% 7.12 i .25 34 .4  i. .:3 12.0 rt 1 . 3  
11, n = 10 ,919 zt .001 2.09 i .(I2 8 . 1 5  =t .08 33.7 i . 1  10.4 i 0.5 
1 -Azo-bis- 1 -phenylpropane '0 .72 2 . 1  (calcd.) 32.2 

leum ether (b.p.  30-60") to  give 0.046 g., m.p. 98.5-100". 
The infrared spectrum showed a strong band a t  10.41 p in- 
dicative of unsaturation7 and differed considerably from that 
of the unsaturated hydrocarbon isolated above. The 
inaterial analyzed correctly for a hydrocarbon consisting of 
two diradical residues and one stilbene moleculc. 

Anal. Calcd. for C6~H68: C, 91.04; H ,  8.96; mol. wt. ,  
765. Found: C,  91.17, 91.14; H ,  8.83, 9.22; mol. wt . ,  
703 (ebullioscopic in benzene). 

Attempted Initiation of the Copolymerization of Styrene 
and Maleic Anhydride with 11, n = 8.--,4 solution contain- 
ing 6.120 g.  of maleic anhydride and 6.579 g. of styrene 
(carefully distilled through a packed column) diluted to 
100 ml. with cyclohexanone was prepared and a 25-ml. ali- 
quot was added to each of three tubes; one contained 0.0898 
g. (3.37 X lo-' mole) of 1-azo-bis-1-phenylpropane, another 
contained 0.1150 g. (1.79 X 10-4 mole) of 24-membered 
ring azo compound (11, n = 8) and the third had no catalyst. 
The tubes were degassed a t  10-6 mm., sealed and kept a t  
100" for one hour. The polymers formed were precipitated 
with benzene and reprecipitated from acetone solution with 
benzene. The tube with 1-azo-bis-1-phenylpropane con- 
tained 10.624 g. of polymer (83.7y0 conversion), the tube 
with the cyclic azo compound contained 1.346 g. of polymer 
(10.67, conversion) and the control tube contained 0.740 
g.  of polymer (5.8y0 conversion). 

Decomposition of I-Azo-bis-1-phenylpropane in cis-Stil- 
bene.--A solution of 5.00 g. (0.019 mole) of l-azo-bis-l- 
phenylpropane in GO g. (0.33 mole) of cis-stilbene mas kept 
a t  120-122" for 6.5 hours in the manner described above and 
10lyo of the theoretical quantity of nitrogen was collected. 
The  stilbene was distilled through a helices packed column 
b.p. 148-152" (17 mm.), until the volume of the residue was 
xpproximately 10 ml. The stilbene fraction was preceded 
by a small forerun 0.54 g. (12%), b.p. 60-82" (17 mm.), 
whosc ultraviolet spectrum showed a peak a t  248 mp and a 
shoulder a t  283 nip. 

The 10-ml. residue was distilled through a small Vigreux 
column, and a mixture of liquid and solid, 3.9 g., b.p. 157- 
169' (22 mm.), was collected. Recrystallization f:om n- 
hexane-methanol mixture gave 0.8 g. ,  m.p. 116-120 . An- 
other recrystallization from methanol gave crystals, m.p. 
124-125'. A mixed melting point with authentic trans- 
stilbene, m.p. 124-125", melted a t  123-12400. 

Another fraction, 5.43 g., m.p. 62-112 , b.p. 170-175' 
( 2 2  mm.), gave pure ttans-stilbene. The n-hexane "mother 
liquor" from the above crvstallization was eluted from a 
100-g. column of alumina (Woelm, almost neutral, activity 
1) to give 1.72 g. (38%) of waxy solid, m.p. 48-65'. The 
remainder of the fractions obtained were white solids, m.p. 
120-122", which were shown to be trans-stilbene by recrys- 
tallization and mixed melting point determinations. The 
1 .72 g. of solid was recrystallized from acetone-methanol 
to  give 0.58 g., m.p. 85-87'. Recrystallization from meth- 
anol gave white crystals, 0.43 g., m.p. 88-89'. The litera- 
ture reports melting points 83-84°,188 88-89°16b and 91- 
92"'80 for meso-3,4-diphenylhexane. 

A w l .  Calcd. for CI~HZ?:  C, 90.70; H, 9.30. Found: 
C, 90.81; H, 9.30. 

Thc mother liquors from the recrystallizations gave an 
oily residue, 0.79 g., which was eluted from a 30-g. column 
of the same type of alumina, with petroleum ether (b .p .  
Xt.50") to  give 0.19 g. of white solid, m.p. 32--4O", which 
on recrystallization from methanol gave 0.03 g . ,  m.p .  90- 
91". A mixed melting point determination with the ~ P S O -  
:(,~-dil)lienylhexane previously isolated melted at 80-90". 
;\n oil, 0.35 g., n Z 5 ~  1.5440, was eluted next, most probably 

(I(;) (a) G. Brownlee. P. C. Copp, W .  A I .  Dufin  and  I. AT. Tonkin, 
Riochem.  J , 37, 572 (1013); (h) Kg. Ph.  Buu-Hoi a n d  Ng. Hoang, 
J .  O r p .  Chem.,  14, 1023 (1BLD):  ,c) A. C. Brook, 13. L. Cuhen and 
G. F .  Wright. ibid. ,  18, 447 (1953). 

. ~ . 

dl-3,4-diplieng-lliexaiie (??OD 1.5462) .I7 =\ solution of 0.22 
g. of this oil in 2 ml. of acetic acid was treated with 1.0 g. of 
bromine, and heated on the steam-bath one hour. 
cooling six days, 0.08 g. of white crystals, m.p. 213-214 , 
was deposited (reported'60 for IieHabromodiphenylhexane, 
l1i.p. 2 13-215'). 

A yellow oil, 1.25 g. (lG';), remained from the distilla- 
tion of the 10-ml. residue through the small Vigreux column. 
This was dissolved in 5 ml. of boiling n-hexane and a few 
drops of methanol was added; cooling gave 0.072 g. of 
white crystals, m.p. 180-190'. Recrystallization from 
methanol gave 0.06 g., m.p. 192-194", of white crystals 
whose analysis corresponded to  that of a hydrocarbon con- 
taining two a-phenylpropyl radicals and one stilbene molc- 
cule . 

a. 

Anal .  Calcd. for CarHsa: C, 91.82; H, 8.18. 1;ourid: 
C, 91.69; H ,  8.43. 

The residuc of thc mother liquors from the recrystalliza- 
tioiis were distilled molecularly in a sublimation apparatus 
a t  130-140" (0.5-1.0 mm.). The entire residue except for 
a minute quantity of black tar was collected as a colorless 
gum on the cold finger of the sublimation apparatus. A 
portion submitted for analysis mas also found to analyze 
correctly for a hydrocarbon coiitainiiig two a-phenyll,ropyl 
radicals and one stilbene molecule. 

419. Found: C,  91.59, 91.99; H ,  S.19, 8.11; mol. w t . ,  
364, 397 (ebullioscopic in butdnone). 

B. Kinetic Measurements.--The rates of tleconlposi- 
tioii for each compound were determined in duplicate a t  
three teniperatures by the method previously described1* in 
xylene solvent. The data obtained are summarized in 
Table 11. All the rates werc found to be unimolecular and 
without an induction period. The plots of log (( Vcu - VI))/ 
(T'o: - Vt)) veysus time for the 28-membered ring azo coni- 
pound (11, n = 10) a t  three temperatures are shown iii Fig. 1 
as nn example. 

The rate of decomposition of the 24-membered ring azo 
compound a t  119.8" was reported3 as 2.2 X set.-' and 
the activation energy was 30.2 kcal./mole. These values 
are in qualitative agreement with those found in this Irork. 

consideration of molecular models indicated a strain- 
free niolecule with both azo groups trans and this is prc- 
sumably the more stable thermodynamic ~ t , t t e . ~  A s  can 
be seen in Table 11, the rates of decomposition arid the ac- 
tivation energies for the decomposition of the large ring 
cyAie azo compouiids are rery similnr to those reported for 
the linear analog l-azo-his-l-phenylI,rop3nc. Thus both 
the spectral data and the kinetic behavior of the 23, 21- 
and 28-membered rings show that the cyclic c o n ~ y o u i ~ d s  and 
their linear analogs are closely related. 

C .  Discussion.-The z a i n  product resulting 
from the decoinposition of the 24meinbered ring 
azo compound (11, = 8) was the 20-membered 
cyclic hydrocarbon (III? n = 8 )  isolated in 72y0 
pield.3 The 20- and 2s-membered ring cyclic azo 
compound (11. 72 = 6, 10) were found to give the 
1 &and 24-meinbereti riiig cyclic hydrocarbons 
(111, 1z. = 6, 10) in 81 and 66'3'0 yield, respectively. 

high yicltl o f  coupled products would be ex- 
pected from the formation of benzyl radicals.?' 

Lapkiiij decoiiiposed the 24-membered ring azo 
coiripound in the presence of several radical scaven- 

.4?tal. Calcd. for C3zH34: C, 91.82; H, 8.18; nlCJl. Ivt., 

(17) A L e p i n  and \V. Reich. J .  liirss Phys .  Soc , 47, l , i 4 ,  1.78 ( 1 9 l ~ 1 ,  
Uciistein. "IIanrll~uch der Organischen Cliemie," Fir5.t 511j~l)lel11t?r11. 

4th edition. T'ol. V .  J Springer. Berlin, 1!)30, I). 299 
(18) C .  G.  Overhcrger, >I 'r. O'Shauglinessy and H .  S l i ~ t l l t .  ?'iris 

JOURNAL, 71, 2681 (1949). 
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gers, but the results were inconclusive. In  this 
work the azo compound seemed to react with some 
of the scavengers used but no significant quantities 
of a pure product could be isolated. For example, 
from the irradiation of a benzene solution of the 
azo compound and nitric oxide with ultraviolet 
light, and from the thermal decomposition of the 
azo compound in carbon tetrabromide only black 
tars could be isolated. When maleic anhydride 
was used as a solvent-scavenger, good yields of a 
heterogeneous product, which contained approxi- 
mately 3.7 maleic anhydride residues for every two 
diradical fragments, were isolated; however, this 
product could not be purified. 

The decomposition products of the 24-membered 
ring azo compound (11, n = 8), in cis-stilbene were 
investigated in detail. Of the four fractions 
separated in the analysis of the products, two frac- 
tions (84%) were the cyclic hydrocarbon (111, 
n = S), and a third product (11%) was an un- 
saturated solid whose ultraviolet absorption showed 
it was a substituted styrene.Ig The molecular 
weight indicated i t  to be a disproportionated prod- 
uct containing two diradical fragments. A fourth 
fraction, separated in trace quantities by elution 
chromatography, analyzed correctly for two diradi- 
cals plus one stilbene molecule and showed a peak 
in the infrared a t  10.4 p which is indicative of un- 
saturation.7 This compound was probably a true 
adduct of stilbene and a diradical, and it was con- 
cluded that the diradical produced reacted with 
cis-stilbene to a very small extent. 

It is interesting to compare the behavior of the 
cyclic azo compound in cis-stilbene solvent and that 
of phthaloyl peroxide (a possible diradical source) 
in a 1.1% solution of cis-stilbene in carbon tetra- 
chloride.20 In the latter case the yields of adducts 
are almost quantitative. Although the diradicals 
which would be produced in these two cases are 
different, i t  seems unlikely that if both processes 
were occurring via a diradical intermediate that one 
intermediate would react quantitatively a t  low 
concentrations of scavenger while the other would 
hardly react a t  all in the presence of pure scavenger. 
Therefore i t  is possible that the peroxide reaction 
may be proceeding by the alternative path involv- 
ing attack by the peroxide on the olefin and not 
formation of a diradical. 

In order to obtain some measure of the reactivity 
of a benzyl monoradical with cis-stilbene, the linear 
compound 1-azo-bis-1-phenylpropane was decom- 
posed in cis-stilbene. About 12% of the radicals 
was accounted for by a mixture of the dispropor- 
tionated products of the benzyl radicals, and the 
dl- and meso-3,4-diphenylhexanes accounted for 
another 38% of the radicals. A mixture of the 
isomers of V was found to  contain 16% of the 
radicals produced. The results are in agreement 
with the expected tendency of benzyl radicals to 
couple.21 Although the product analysis only 
accounted for 6670 of the radicals formed, the 

(19) C. G. Overberger, D. Tanner and E. M. Pearce, THIS JOURNAL, 

(20) F. D. Green, &X, 78, 2246, 2250 (1956). 
(21) M. S. Kharasch, H. C. McBay and W. H. Urry, J. Ore. Chem., 

10, 401 (1945): C G. Overberger and A. B. Finestone, THIS JOURNAL, 
78, 1638 (1956). 

80, 4566 (1958) 
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Fig. 1.-Decomposition of the 28-membered ring azo com- 
pounds in xylene: A, 130”; B, 120’; C ,  110’. 

smallest loss would be expected t o  occur in the 
isolation of V since this compound was the non- 
volatile residue. The yield of adduct obtained 
shows that l6Y0 is the minimum extent to  which 
the benzyl radicals were scavenged by cis-stilbene, 
and in the light of this evidence the results with 
the 24-membered ring azo compound (11, n = 8) 
are of particular interest. It is clear that  the radi- 
cals derived from the linear azo compound are less 
inclined to recombine in a primary cage than the 
diradical from the cyclic azo compound. This 
may be due to the molecular restrictions imposed on 
the diradical obtained from the cyclic compound. 

1 / 1 1  

It has been shown3 that the 24-membered ring 
azo compound (11, n = 8) was an extremely in- 
efficient initiator for the polymerization of styrene. 
It was thought possible that the cyclic azo com- 
pound might initiate the copolymerization of 
styrene and maleic anhydride more efficiently 
since the maleic anhydride radical reacts over a 
hundred times faster with styrene than does a 
styrene radical, while the styrene radical reacts over 
twenty times faster with maleic anhydride than sty- 
rene monomer.22 Thus the initiation step should be 
more efficient, and the propagation of copolymer 
should be faster and able to compete better with 
termination by cyclization of the diradical. 

The results show that these factors were not 
important since the conversions of 5,8, 10.6 and 
83.7y0 for no initiator, cyclic azo initiator and 1- 
azo-bis-1-phenylpropane initiator, respectively 
were in much the same ratio as those found for 
styrene. 

CH~CHZCH-CH-CH-CHCHZCH~ 

Ph Ph Ph Ph V 

(22) P. J. F low,  “Principles of Polymer Chemistry,” Cornel1 Uni- 
versity Press, Ithaca, N. Y., 1953, p. 188. 


