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46-48". The infrared spectrum of a Nujol mull of the hemiacetal 
is reproduced in Fig. 1 .  

n-Dodecanal Trimer .-Four grams of n-dodecanal was placed 
in a stoppered test tube under nitrogen. The test tube contained 
a side arm in which 1 drop of concentrated hydrochloric acid was 
placed to  promote the polymerization. The aldehyde was frozen 
and kept in the refrigerator a t  4-5' for 1 month. The product 
was then transferred to an  erlenmeyer flask and 25 ml. of alcohol, 
3.1 ml. of 0.5 N sodium hydroxide solution, and 40 ml. of 3.0 N 

hydroxylamine hydrochloride reagent were added. The mixture 
was stored at room temperature for 2 weeks to convert all un- 
changed aldehyde to the oxime, and the insoluble polymer was 
then filtered, washed with water, and air-dried; yield, 3.5 g. 
Recrystallization from alcohol afforded pure n-dodecanal trimer, 
m.p. 55-57" (lit.* m.p. 57"). Molecular weight determinations 
in benzene by the freezing point technique gave values of 526 
and 529, calcd. 553. The infrared spectrum of a Nujol mull is 
reproduced in Fig. 1 .  
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The addition of aromatic nitroso compounds to  2,3-dimethy1-1,3-butadiene was found to be a first-order reac- 
tion in rcspect to the nitroso compound and to the diene. The energies of activation of the reaction betweeen 
the conjugated diene and nitrosobenzene or p-bromonitrosobenzene were found to be, respectively, 14.23 and 
12.46 kcal./mole. Xitrosobenzene failed to react with anthracene, but yielded an adduct with 1,3-cycloocta- 
diene. 

Reactions involving the aromatic nitroso group lend 
themselves well to kinetic studies, since the nitroso 
group exhibits specific absorption bands in the visible, 
ultraviolet, and infrared spectra. Complications may 
arise from the fact that  for many aromatic nitroso 
compounds in solution an equilibrium exists between 
the monomeric and dimeric forms. This complication 
may be avoided by the selection of aromatic nitroso 

0 Ar 

\N=d= ZAr-N=O 

0 
/ I  

Ar 

compounds known to be monomeric in solution, e.g., 
nitrosobenzene, p-halonitrosobenzenes, and p-nitroso- 
?;,?;-dimethylaniline. 

The addition of aromatic nitroso compounds to con- 
jugated dienes is commonly considered a Diels-Alder 
reaction of heteroatoinic compounds. * The reaction 
generally proceeds smoothly at moderate tenipera- 
tures. With few exceptions the sole reaction product 
has been found to be a substituted 3,6-dihydro-1,2- 
~ x a z i i i e . ~ - ~  Kinetic studies of the addition of aromatic 
nitroso compounds to conjugated dienes have not been 
reported thus far.  

Ar-N 

0 

The dissociation of a S1G-dihydro-l,2-oxazine into 
conjugated dieiie and nitroso coinpouiid normally re- 
quires considerably higher temperatures than t'he addi- 
tion. The formation of ail aromatic nitroso compound 
by the dissociation of the Iliels-Alder adduct of \.arious 
aromatic nitroso coinpouiids and 2,3-diniethyl-1,3- 
butadiene could not be detected at  temperatui~es below 
3;i". The rate of this re\'erse reaction at  temperatuiw 
below :35 O is, therefore, iiegligihle, facilitating the de- 
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termination of the rate of the addition of aromatic 
nitroso compounds to 2,3-dimethy1-lj3-butadiene. 

Yitrosobenzene when treated with 2,3-dimethyl-1,3- 
butadiene has .been reported to yield small quantities 
of a side product of unknown structure in addition to 
the expected S-pheny1-3,6dihydro-4,5-dimethyl-l,2- 
o x a ~ i n e . ~  When a large excess of diene was employed 
the sole product of the reaction was the oxazine. The 
side product is believed to be derived from the reaction 
of nitrosobenzene and the oxazine d e r i ~ a t i v e . ~  For 
p-bromonitrosobeiizeiie, on the other hand, only one 
product, the expected oxazine, was observed in the 
addition reaction, employing various concentrations 
of 2,3-dimethyl-1 ,&butadiene. 

Results 

In order to suppress the formation of a side product, 
the reaction of nitrosobenzene and 2,3-dimethyl-l,3- 
butadiene was studied in dichloromethane with a fifty- 
fold excess of dieiie. Several Guggenheim plots were 
constructed at 2" and 2.5". The reaction was found 
to be a first-order reaction in respect to nitrosobenzene, 
with a specific rate constaiit at 2" and 2,5" of 2.81 X 
lop4 and 2.10 X 10-3 1. moles-' sec.-'. The energy of 
activation was found to be 14.23 kcal./mole, and the 
frequency factor, 6.2 X 10". moles-' set.-'. 

Sitrosobenzene did not form ai1 adduct with anthra- 
cene, eveii after prolonged reflux in chloroform. An 
adduct hetweeii nitrosobenzene and 1,3-cyclooctadieiie 
was obtained, but the yield was less than 5y0, and the 
reaction was too slow to permit observation. 

The reactioii betweeii p-bronioiiitrosobeiizeiie and a 
fiftyfold excess of 2,:3-dimethyl-l,8-butadiene also was 
fouiid to be a first-order reaction (see Fig. 1).  It was 
found to be first order in respect to p-bromoiiit'roso- 
benzene and first order in respect to 2,X-dimethyl- 
1 ,X-butadieiie wheii t,he coiicentratioiis of the reactants 
were of the same magiiitude. The specific rate con- 
st,aiits were fouiid to be 1.10 X lop3, 3.84 X lop3, 
7.60 X aiid 8.29 X 1. moles-' see.-' at' 2 ,  

( 5 )  I -u  .4. Arburov, K, I.. l'edyukina, U .  V .  Shavyrina, and 11. I .  Shepe- 
leva, Bull. Arad.  Sci. C S S R ,  Di i .  Chem. Sci., 53'9 (1952); Chem. A h s t r . ,  
47, 4341 (1053). 
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18, 25, and 30', respectively. The energy of activa- 
tion was found to be 12.46 kcal./mole, and the fre- 
quency factor, 9.3 X lo6 1. moles-' set.-' (see Fig. 2). 

The rate of the reaction between p-nitroso-K,X- 
dimethylariiline and 2,3-dimethyl-1,3-butadiene was 
too slow to permit observation. 

-3.0 

-2.9 

-2.8 

Discussion 

The positive value of Hammett's a-constant for the 
bromo substituent, together with the higher rate con- 
stant and the lower energy of activation for the re- 
action of p-bromonitrosobenzene with 2,3-dimethyl- 
1,3-butadiene than for the corresponding reaction of 
nitrosobenzene, indicated that the reaction was ac- 
celerated by electron-withdrawing substituents on the 
phenyl ring. 

A tentative p-constant may be found from the rate 
constants a t  2 and 25' for the reactions of nitrosoben- 
zene or p-bromonitrosobenzene and 2,3-dimethyl- 
1,3-butadiene. Employing +0.23 as the value of the 
a-constant of the para bromo substituent, p was cal- 
culated to be 2.51 f 0.04. 

The sluggishness of the reaction between p-nitroso- 
X,K-dimethylaniline and 2,3-dimethyl-l13-butadiene 
is then due to the electron donating effect of the di- 
methylamino group. The half-time of this reaction 
should be ca. forty-two hours a t  25' if 0.1 14 concentra- 
tions of nitroso compound and diene are used, assuming 
-0.60 as the value of the u-constant of the para di- 
methylamino group. 

It has been reported that 0- or p-substituted nitroso- 
benzenes react considerably slower with dienes than 
nitrosobenzene, while the reverse was reported for 711- 

substituted nitrosobenzenes.' Among the reported 
substituents were the nitro, methyl, and bromo groups. 

Recently, however, we reported that the presence of 
a nitro group in either the ortho, mela, or para position 
in nitrosobenzene seemed to accelerate the reaction 
with dienes con~iderably.~ It also is known that ali- 
phatic nitroso compounds will undergo a Diels-Alder 
reaction only if a strong electron-withdrawing substit- 
uent is present on the carbon carrying the nitroso 
group.2 Our results also indicate clearly that the 
electronic character of the substituent determines the 
acceleration or retardation of the addition reaction, 
and not, as reported by Kojima, the position of the sub- 
stituent. 

Our results fall in the general pattern of Diels-Alder 
reactions. The more electron-poor dieiiophiles com- 
monly exhibit higher reactivities in these reactions. 
The frequency factor and energies of activation re- 
ported here are of the same order of magnitude as those 
reported for some conventional Diels-Alder reactions.8 
111 view of this the failure of nitrosobeiizene to add to 
aiithracene is rather surprising. llaleic anhydride and 
other dieiiophiles add easily to a~i thracene.~ The 
reasoii for the failure does not seem to lie with an ex- 
cessijdy high energy of activation, the instability of 
the formed adduct, or the frequency factor. An at-  
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Fig. 2.-Log k us. 1/T for the reaction between p-bromonitroso- 
benzene and 2,3-dimethyl-1,3-butadiene. 

tempted reaction of anthracene with p-nitronitrosohen- 
zene also failed. 

The Diels-Alder reaction fails with dienes having 
rings of eight to eleven members.'O Kitrosoben- 
zene, however, when treated with 1,3-cyclooctadiene a t  
.5' for nearly one month yielded less than 5% of an 
adduct. The same adduct was obtained i n  approxi- 
mately the same yield when nitrosobenzene was treated 
a t  room temperature for about five days with 1,3- 
cyclooctadiene. Attempts in this laboratory to effect 
a reaction between maleic anhydride aiid 1,3-cyclo. 
octadiene failed. 

Elemental analysis of the adduct of nitrosobenzene 
and 1,3-cyclooctadiene' indicated a compound of the 
formula C14Hl;S0. The infrared spectrum of the 
adduct, determined in a potassium bromide pellet, 
showed the presence of a phenyl ring, and the absence 

(10) J. G. Mart in  and R. K. Hill, Chem. Rev., 61, 542 (1961). 
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of an NH or OH bond, excluding the possibility of an 
allylic addition such as that found with azodicarboxy- 
late esters." A weak band was found at 6.10 p ,  
indicating the presence of an isolated double bond, 
while the typical -K=O band had disappeared. 

Experimental 
Reagents.-Kitrosobenzene,12 m.p. 68', p-bromonitrosoben- 

zene,13 m.p. 94", and p-nitr~so-X,N-diniethylaniline,~~ 1n.p. So, 
were prepared by known procedures. Anthracene, 2,3-dimethyl- 
1,3-butadiene, and 1,3-cyclooctadien~ were obtained from Colum- 
bia Organic Chemicals. 

Kinetic Measurements.--The change of concentrations of the 
nitroso compounds were followed in the visible region (720-730 
rnp) with a Beckman 1)B. Spectrograde dichloromethane was 
employed as the solvent. Solvent, dienes, and products did 
not absorb in the visible region. Solutions of the nitroso com- 
pounds were found to fnllnw the Lambert-Beer law when the 
concentrations were between 0.025 and 0.002 mole/l. 

In a typical run to obtain Guggenheini plots, the following con- 
centrations were employed: diene, 2.5000 moles/l., and nitroso 
compound, 0.050 niole/l. Several Guggenheim plots were ob- 
tained for the reaction between nitrosobenzene and 2,3-dimethyl- 
1,3-hutadiene at  2" and 23', and for p-bronionitrosobenzene and 
the same diene a t  2" (see Fig. 1). 

(11) B. T .  Gillis and  P .  E. Beck, J .  Ow. Chem.. 87, 1947 (1962); E. 

(12) "Organir Syntheses," Coll. Vol. 111, John Wiley and  Sons, Inc., 

(13) E. Baniberger, Ber . ,  88, 1222 (1895). 
(14) A .  I. Vogel, "Practical Organic Chemistry," Longmans Green and 

Franzusand J. H. Surridge, abad., 87,  1951 (1962). 

New York. N. Y., 1955,ii. 668. 

Co., New York, N. Y.. 1957, p. 573. 

p-Bromonitrosobenzene was treated with t,he same diene a t  
18", 25",  and 30°, employing the following approximate concen- 
trations: nitroso compound, 0.025 mole/l., and 2J-dimethyl- 
butadiene, 0.100 mole/l. A graph of time us .  log b/a ( a  - x / -  
h - x )  yielded a straight line from which k was calculated. 

An th racene .4 .53  g. (3 mnioles) was treated with nitroso- 
benzene, 0.53 g.  ( 5  mmoles) in chloroform, 7 5  ml., a t  room tem- 
perature. The optical density of the solution a t  730 m p  re- 
mained unchanged after several hours standing, indicating that 
nitrosobenzene had not reacted. The solution was then refluxed 
under nitrugen for 2 hr. The optical density at 730 m p  was 
again unchanged. 

Nitrosobenzene.-,5.5 g. (51 mmoles) was mixed with 1,3- 
cyclooctadiene, 7.8 g .  (72 mmoles) in ether, 50 ml. The optical 
density at 730 mp was slightly reduced after 1 week of standing a t  
5 " .  After about 25 days of standing a t  5',  the solution was con- 
centrated to approximately 5 ml. by evaporation under reduced 
pressure. Ethyl alcohol, 5 ml., was added, and crystals precip- 
itated after standing for 2 hr. at 5'. The yield of tjhe isolnted 
crude product was 0.5 g. (4.537,. based on nitrosobenzene), m.p.  
80-83". The crude product was purified by washing with 
ethanol, yielding 30 mg. of a white solid, m.p. 83.5-84.5". 

14nal.l~ Calcd. for ClaH,,NO: C, 77.73; H, 8.28; X, 6.48. 
Found: C, i7.78; H,  8.13; N ,  6.40. 

Infrared hands (determined in n potassium bromide pellet): 
3.4 (m),  3.45 (s), 3.52 (s) ,  6.1 (w),  6.3 (s), 6.74 (s), 6.95(s),  8.1 
(s), 8.52 (s) ,  9.75 (s), 9.9 (m) ,  11.26 (m) ,  12.7 (s) ,  12.96 (ni), 
13.3 (s), 13.6 (m) ,  and 14.48 (s) ~.r. 
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It has been found that free radicals initiate a reaction between tetrahydrofuran and maleic anhydride to form 
(tetrahydro-2-fury1)succinic anhydride in 70% yield. An analogous reaction using tetrahydro-2-methylfuran 
formed (tetratiydrr~-2-methyl-2-fur~l)succinic anhydride in 70% yield. This reaction appears to be specific 
with respcct to five-nicmbercld cyclir ethers since efforts to utilize other ethers either failed to yield a 1 : 1 adduct 
with maleic, anhydride or gave only low conversions. 

The free radical-promoted reactions of olefins with 
acetals and ortho esters have been studied extensively*; 
however, little is known relative to the behavior of 
simple ethers in this type of reaction. The formation 
of (a-alkoxybenzy1)succiilic anhydrides by the addition 
of benzyl alkyl ethers to maleic anhydride in the pres- 
ence of free radical initiators has been de~c r ibed .~  
More recently, the peroxide-induced reaction of various 
cyclic ethers with 1-octene was reported.* Ketonic 
products were obtained, and a chain mechanism in- 
volving a-hydrogen abstraction followed by decycliza- 
tion of the ether was postulated. 

The latter study prompts us to report the results of a 
similar investigation involviiig free radical-initiated 
reactions between cyclic ethers and maleic anhydride. 
Our results differ significantly from those reported by 
Wallace and Gritter4 in that  addition without ring 
opening has been observed as the major course of 

(1) hlaumee Chemical Co., Toledo, Ohio. 
(2) For references see C. Walling. "Free Radicals in Solution." John 

(3)  T.  Patrick. J r . ,  U.  S. Patent  2,841,592 (1958). 
(4) T. .J. Wallace and  R. J. Grit ter,  J .  O r a .  Chem.. 91, 3067 (1962). 

Wiley and  Sons. Inc., New York, N .  Y. ,  1957, p ,  287. 

reaction. The reaction of tetrahydrofuran with maleic 
anhydride in the presence of free radical initiators was 
found to give a 70% yield of (tetrahydro-2-fury1)- 
succinic anhydride (I). The reaction probably pro- 
ceeds by the following chain process. 

The difference in the course of reaction of tetrahydro- 
furan with maleic anhydride and with 1-octene may 
arise from the double bond of maleic anhydride being 
more reactive than that  of 1-octene. With the more 
reactive olefin, capture of the fury1 radical might occur 


