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butyronitrile a t  50" gives pertinent information. The 
rate of decomposition of this azo compound a t  80" is 
-1.7 X mol-' sec-1 and EA is -30 k ~ a l / m o l . ~  
At 50" the rate constant is estimated to be -3.5 X 
10-6 mol-' sec-'. Thus the initial highest cloncentra- 
tion of isobutyronitrile radical or the isobutyronitrile- 
peroxy radical in the presence of oxygen in these ex- 
periments is about 4 X lo-* mol/l. which is negligibly 
small compared to the concentration of phenols in any 
of the experiments. 

Simple phenols are less effective as initiators in this 
process than the hindered ones, indicating probably 
that the hindered phenoxy.radicals are more stable and 
capable of existing long enough to undergo i,he redox 
reaction with N-vinylcarbazole. The nature of the 
redox initiated polymerization of N-vinylcarbazole via 
a cation radical is poorly understood a t  the present 
time, except it differs from ordinary radical initiated 
polymerization process via a carbon radical whereas the 
former process is insensitive toward oxygen and phen- 
oxy radicals as well as other inhibitors mentioned 
earlier. 

Experimental Section8 

Chemicals.---N-Vinylcarbazole, mp 65-67', was obtained from 
Matheson Coleman and Bell; 2,6-di-t-butylphenol, nip 35-37', 
2,4-di-t-butylphenol, mp 24-28', phenol, mp 40-41 ", and azo- 
bisisobutyronitrile, mp 103' dec, were obtained from Eastman. 
Methanol anhydrous AR was obtained from Mallinckrodt. 

Polymerization of N-Vinylcarbazo1e.-(a) A solut Lon of 2 g 
(1 x 10-2 mol) of N-vinylcarbazole and 0.02 g (1 X mol) 
of 2,6-di-t-butylphenol and 0.05 g (-3 X mol) of azobis- 
isobutyronitrile in 50 ml of methanol was heated undler nitrogen 
atmosphere a t  50' for 5 hr. The reaction mixture produced a 
yellowish gummy mass. Upon drying the solid weig,hed 1.2 g. 
The solid was triturated with benzene and turned into a yellowish 
white solid, melting at  a wide range from 150 to  2'50'. The 
infrared spectrum in KBr possesses the following bands a t  3030, 
1650, 1600, 1560, 1500, 1450, 1240, 750, 720 cm-l, resembling 
that of poly-n-vinylcarbazole.@ This solid did not decolorize 
either bromine in carbon tetrachloride or permanganate solution 
in acetone-water medium. 

In the blank runs, the one without azoisobutyronitrile produced 
no polymer while the one without 2,6-di-t-butylphenol afforded 
-0.2 g of polymeric material of comparable property with that 
from experiment a. 

(b) In  two parallel experiments, the conditions and reagents 
were maintained the same as in (a) except that the amount of 
2,6-di-t-butylphenol was increased to 0.04 g (2 X lo-* mol) and 
0.2 g (1 X mol). The reaction proceeded as in (a) and the 
products were worked up in the same manner as in (a). The 
yields of the polymeric products in these two runs were 1.2 g and 
1.5 g, respectively. 

(c) When 2,4-di-t-butylphenol was used instead of 2,6-di-t- 
butylphenol as in (a), the reaction produced a polymeric sub- 
stance resembling that from (a) weighing 1.1 g. With phenol, 
on the other hand, no polymer was obtained. However, when 
the reaction with phenol was heated a t  50" for a longer time (20 
hr), a trace amount of polymeric substance was obtained. 
Identification of this trace amount of substance was not at- 
tempted. 

(d) Reaction a was repeated by carrying out the procedure in 
open air with vigorous stirring instead of under nitrogen at- 
mosphere. It yielded a polymeric substance weighing 1.1 g. 
However, with azobisisobutyronitrile but no 2,6-di-l-butylphenol 
in open air, the yield of a polymeric substance was practically nil 
a t  the end of 5 hr. 

Registry No.-N-Vinylcarbazole, 1484-13-5. 
(7) F. W. Lewis and  M. S. Matheson, J. Amer.  Chem. Soc.,  71, 747 (1949). 
(8) Melting points are not corrected. Spectral analysis mas performed in 

(9) Reference polymer from General Aniline and Film Corp., Union, N.  J. 
the analytical laboratories of Ar thu r  1). Little, Inc., Cambridge, Mass. 
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N-Vinylphthalimide (1) has been available commer- 
cially for over a decade and numerous accounts of its 
use as a monomer have been published, but its potential 
as a dienophile in the Diels-Alder reaction seems to be 
limited to the report of adduct formation with anthra- 
cene and hexachlorocyclopentadiene.3 So far no un- 
symmetrically substituted diene has been condensed 
with it in order to study its regiospecificity in this reac- 
tion. Since vinylamine, like vinyl alcohol, is unavail- 
able for use in a Diels-Alder reaction, the use of 1 po- 
tentially offers two step syntheses of various amines 
such as ll-amino-9,lO-dihydro-9,1O-ethanoanthracene. 
This pharmacologically interesting amine has so far 
been prepared only by a four-step synthesis from 
anthracene. 

9-Methoxyanthracene when condensed with acrylic 
acid, methyl acrylate, acrylonitrile, and acrylamide 
gives an adduct corresponding to 2, but allyl alcohol, 
having no conjugated system, gives rise to 3.5 

2 3 

Isoprene, like other 2-substituted butadienes, gives 
rise to mainly the "para" adduct 4 rather than the 
isomeric adduct corresponding to 5 when condensed 

4 5 

with acrylic acid, acrolein16 methyl acrylate, acrylyl 
chloride, acrylamide,' styrene, 2-vinylpyridinelB etc. 

Recently, the reaction of methyl aarylate with iso- 
prene was reported to give a 7 : 1 ratio of the two adducts 
corresponding to 4 and 5 ,  respectively, when the reaction 
was run at either room temperature or a t  120°.9 When 
the reaction occurred in benzene at  7-12' and was 
catalyzed by aluminum chloride, a 19: 1 ratio was ob- 
tained with the "para" adduct again predominating. 

Supposedly the aluminum chloride complexes with 
the carbonyl oxygen of the methyl acrylate md intensi- 
fies the positive charge on the P-carbon atom of the 
(1) National Institutes of Health, Predoctoral Fellow, 1966-1967. 
(2) Supported by the Office of Naval Research. 
(3) K. Kato and  M. Yoshida, Nippon Kugaku Zasshi, 87, 1098 (1866). 
(4) S. Wasonek and J. V. Hallum, J. O w .  Chem., 18, 288 (1953). 
(5) J. S. Meek, P.  A. Monroe, and C. J. Bouboulis, zbid., 28, 2572 (1963). 
(6) E. Lehman and W. Paasche, Ber., 66B, 1068 (1935). 
(7) D. R. Wilgus, Ph.D.  Thesis, University of Colorado, 1951. 
(8) J. S. Meek, R.  T. Merrow, and 8. J. Criatol, J. Amer. Chem. Soc., 74, 

(9) T. Inukai and T. Kojima, J. Ovg, Chem., 81, lYPl (19W). 
2667 (1952). 
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acrylate moiety. This increases that carbon's attrac- 
tion for the more electron rich carbon atom ((3-1) in the 
isoprene molecule and leads to the higher ratio of the 
"para" adduct. 

In  N-vinylphthalimide delocalization of the un- 
shared electron pair on the nitrogen atom should make 
the /?-carbon atom of the vinyl group negative, but this 
effect would be counteracted by delocalization involv- 
ing the carbonyl groups as well as by the inductive effects 
of the oxygen atoms. These effects do not lead to  a 
clear cut prediction of the major adduct to  be expected 
with 9-rnethoxyanthracenel although with isoprene one 
would expect an adduct corresponding to 4 as the major 
product since no dienophile has yet given a major ad- 
duct corresponding to 5. 

The Diels-Alder reaction of 1- and 9-methoxyanthra- 
cene went readily at  200" and only one adduct was iso- 
lated. I ts  pmr spectrum revealed a doublet for the 
bridgehead proton which showed it was the nonvicinal 
adduct corresponding to 3. 

Isoprene and 1 gave a crystalline adduct which was 
dehydrogenated to N-p-tolylphthalimide. The adduct 
was also synthesized from the known methyl acryIate- 
isoprene adduct. 

It appears that 9-substitu ted anthracenes are more 
sensitive to steric and electronic effects governing orien- 
tation than are 2-substituted butadienes and that 1 
behaves like an unconjugated dienophile in its conden- 
sation with 9-methoxyanthracene. 

Experimental Section 

N-(9-Methoxy-9,10-dihydro-9,10-ethanoanthracene-11-y1)phtha1- 
imide.- 1 (1 g) and 1.3 g of 9-metho~yanthracene~ were fused 
a t  200' for 50 hr. The mixture was then dissolved in ethanol, 
filtered, and then concentration gave 0.43 g of colorless solid, mp 
200-203'. The pmr spectrum (CDCla) showed a doublet a t  4.4 
ppm (J = 2.5 Hz) for the bridgehead proton. 

Anal .  Calcd for CZ~HI~NOS: C, 78.72; H ,  5.02. Found: C, 
78.57; H,  4.92. 

When anthracene and 1 were condensed in a similar fashion a 
SOY0 yield of N-(9,lO-dihydro-9,lO-ethanoanthracen-ll-yl)phthal- 
imide, mp 183-185', was obtained. Recrystallizations from 
benzene-petroleum ether gave an analytically pure sample, mp 
196-197" (lit.8 180-181"). 
N-( l-Methyl-4-cyclohexenyl)phthalimide.-l (10 F), 4 g of 

isoprene and 0.1 g of hydroquinone dissolved in 15 ml of acetone 
were heated in a rocking autoclave at  175-185" for 28 hr. Ex- 
traction of the product with 250 ml of hot ethanol left 3.7 g of 
apparently polymeric material, mp 175-230' dec. From the 
extract 1.77 g (13%) of white crystals were obtained. Recrys- 
tallization gave the analytical sample, mp 141-143'. 

Anal.  Calcd for C I ~ H ~ ~ N O Z :  C, 74.66; H, 6.27; N, 5.81. 
Found: C, 74.99; H,  6.21; N, 5.68. 

The methyl acrylate adduct of isoprene' on treatment with hy- 
drazine gave a product which by means of a Curtius reaction was 
converted into an amine which gave a phthalimide, mp 139-140°, 
that was identical with the adduct of 1 and isoprene. 

When 1.2 g of the N-vinylphthalimide-isoprene adduct was 
heated for 80 min a t  297-358" with 0.1 g of 10% palladium on 
charcoal, hydrogen was evolved. Fractional crystallization from 
ethanol then gave 0.19 g of white crystals, mp 201-203'. A 
mixture of this product and N-p-tolyphthalimide,l0 mp 202-203", 
melted a t  202-203' while a mixture of this product and N-m- 
tolyphthalimide,1° mp 171-173', melted at  160-185'. 

Registry No.-2 (R = phthalimido), 25577-21-3; 
4 (R = phthalimido), 25577-22-4; N-vinylphthalimide, 
3485-84-5 ; isoprene, 78-79-5 ; 9-methoxyanthracene1 
2395-96-2. 

(10) J. B. Lingle and H. F. Roeker, J .  Amer. Chem. Soo., SO, 1882 (1908). 
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In several earlier  publication^^-^ we have shown 
that the activation volume of a solvolysis reaction may 
depend somewhat on the occurrence of participation. 
In  at  least some of the reactions for which participation 
has been claimed, steric hindrance has been proposed6 
as an alternative explanation of the rate ratio of epi- 
meric substrates, and since steric hindrance evidently 
also has small effects on the activation volume, at  least 
in the Menshutkin reaction16r7 we considered it de- 
sirable to study the pressure-promoted hydrolysis of the 
following closely related nosylates. 

ONs 
I 

I I1 
ONs 

111 

IV V 

In  these reactions the formation of an ion pair should 
be unhindered for I and I1 and hindered for IV and V. 
In I, the leaving group is expected to depart from an 
equatorial position. In  11, the 4-tert-butyl group 
forces i t  to leave from that position. In IV, the rigid 
adamantyl ring system forces i t  to leave from the axial 
position; hindrance is then provided by the axial 3- and 
5-hydrogen atoms. In V, hindrance has been con- 
sidered to be exerted by the 6-endo-hydrogen atom.5 
We hoped that a large difference between the pressure 
coefficients of I1 and I11 would furthermore enable us to 
calculate the effect of pressure on A, a measure of the 
size of the nosyloxy group.8 The results are shown in 
Table I. 

The absolute AV* values are somewhat larger than 
those observed in earlier studies; the reason for this is 
that the more precise conductance method employed 
here allows its determination from observations over a 
smaller range (1 kbar) and with smaller pressure in- 
tervals (see ref 6 for a full discussion of this point). 

The observations clearly do not show a correlation 
between AV* and steric hindrance. While the Av* 
values for I and I1 do seem to be slightly less negative 

*Author t o  whom correspondence should be addressed. 
(1) Paper XXI in the Series "Chemioal Reactions Under High Pressure." 
(2) W. J. le Noble and B. L. Yates, J. Amer. Chem. SOC., 87, 3515 (1965). 
(3) W. J. le Noble, B. L. Yates, and A.  W. Scaplehorn, ibid. ,  89, 3751 

(4) W. J. le Noble and B. Gabrielsen, Tetrahedron Lett., 1, 45 (1970). 
(5) See, e.g., H. C. Brown, Chem. Brit., 199 (1966). 
(6 )  For a review of this topic, see W. J. le Noble, Prog. Phys. Ore. Chem., 

(7) W. J. le Noble and Y .  Ogo, Tetrahedron,, in press. 
(8) 8.  Winstein and N. J. Holness, J .  Amer. Chem. Soc., 77, 5562 (1955). 

(1967). 

5, 207 (19671, and aeveral papers quoted there. 


