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Department of Merrell-National Laboratories. The program
used was previously described by Allen, et al.® Parameters chosen
were those suggested by Streitwieser.’

5-Bromo-1,6-dimethyl-1H-imidazo[1,2-¢]imidazole Hydrobro-
mide Monohydrate (2).—A solution of Br, (1.2 g, 0.0074 mol)
in CHCI; (5 ml) was slowly added to 1 (1 g, 0.0074 mol) in CHCl;
(15 ml) maintained at 5°. The solution was stirred for 5 min and
evaporated and the crude solid crystallized from MeNO; to give
2(1.5g), mp 132-133° dec. Anal. Caled for C/H;BroN;O: C,
26.86; H, 3.54; N, 13.42., Found: C, 27.07; H, 3.36; N,
13.64.

Reaction of 2 with Piperidine.—A mixture of 2 (3.1 g, 0.01 mol)
and piperidine (2.5 g, 0.03 mol) in CsH¢ (50 ml) was refluxed for
4 hr and cooled. The solution was extracted with H.,O (dis-
carded), and the organic phase was dried (MgSO,) and evapo-
rated. The residue (1.6 g) was not readily purified either as the
free base or as a salt; however, the nmr spectrum of the crude
material confirmed the structure as 1,6-dimethyl-5-piperidino-
1H-imidazo[1,2-a]imidazole (3).

1,6-Dimethyl-5-formyl-1H-imidazo[1,2-a]imidazole (4).—1 (50
g, 0.37 mol) in DMF (100 ml) was slowly added to a formylation
complex prepared as described by James, ef al.,® from DMF (250
ml) and POCl; (80 g, 0.52 mol). The solution was stirred 1 hr
at 25°, chilled for 16 hr, and then treated with H,O (300 ml) and
sufficient NaHCO; to bring the pH to 8. The solution was
heated to reflux, cooled, and extracted with CHCl;. The
organic phase was extracted with 109, HC] which was then basi-
fied with 109, NaOH and extracted with CHCl;, The CHCl;
was evaporated to give a crude solid (50 g) which was erystallized
from petroleum ether (bp 90-100°) yielding 4 (29 g), mp 130~
135° (oxime mp 280° dec). Anal. Caled for CgHoN;O: C, 58.88;
H, 5.56; N, 25.75. Found: C, 58.82; H, 5.54; N, 25.79.

1,6-Dimethyl-5-nitro-1H-imidazo[1,2-q]imidazole (5).—To con-
centrated Hy8O; (5 ml) chilled to —10° was slowly added 1 (1.3
g, 0.01 mol). The temperature was lowered to —20° and ethyl
nitrate (0.9 g, 0.01 mol) was added dropwise. After stirring
5-10 min, the acid solution was poured on crushed ice and the
pH adjusted to 4-5 with aqueous NaOH. The aqueous phase
was extracted with CHCl; which was evaporated to give crude
5 (1.2 g). Crystallization from C¢Hs gave pure 5, mp 181-184°,
Anal. Caled for C;HN.Os: C, 46.66; H, 4.47; N, 31.10.
Found: C, 46.81; H, 4.44; N, 31.19.

Reduction of 5 in Acetic Anhydride Solution.—A solution of 5
(4 g, 0.02 mol) in Ac;O (50 ml) was reduced under 1.5 atm of
H, pressure for 16 hr in the presence of Raney nickel catalyst.?
The catalyst was filtered off, the Ac.O was evaporated, and the
residue was taken up in CHCl;. After stirring vigorously for
several hours with aqueous NaHCO;, the CHCl; was separated
and evaporated to an oil (3.8 g) which crystallized on standing.
A tlec showed two components, one predominant. By careful
crystallization from EtOAc¢ a small amount of the minor con-
stituent was obtained, mp 133-137°. It was unsuitable for
elemental analysis, but was shown by its nmr spectrum to be
principally 5-acetamido-1,6-dimethyl-1H-imidazo[1,2-a])imidaz-
ole (6). The mother liquors were evaporated and carefully
treated with ¢-PrOH-Et,0 to give a white solid, mp 124-127°,
which was shown by its elemental analysis and nmr spectrum to
be 5-diacetylamino-1,6-dimethyl-1H-imidazo[1,2-a]imidazole (7).
Anal. Caled for C,H.N,O.: C, 56.40; H, 6.02; N, 23.91.
Found: C, 56.02; H, 6.10; N, 24.09.

1,6-Dimethyl-2(or 3),5-dinitro-1H-imidazo[1,2-a]imidazole (8).
—In a manner similar to the preparation of 5, 1 (16.2 g, 0.12
mol) in H.80, (150 ml) was treated with 1 equiv of ethyl nitrate
(10.9 g, 0.12 mol) at —20°. After addition was complete the
temperature was adjusted to —15° and a second equivalent of
ethyl nitrate was added. The acid solution was stirred at —5°
for 20 min and poured on crushed ice. The resulting solution was
extracted with CHCls which on evaporation gave crude 8. Re-
crystallization from H.O gave pure 8 (3.2 g), mp 190-192°,
Angl. Caled for CHN:O,: C, 37.34; H, 3.14; N, 31.11.
Found: C, 37.41; H, 3.10; N, 31.24.

(6) R.C. Allen, G. L. Carlson, and C. J. Cavallito, J. Med. Chem., 18, 909
(1970).

(7} A. Streitwieser, ‘“Molecular Orbital Theory for Organic Chemists,”
Wiley, New York, N. Y., 1961,

(8) P. N, James and H. R. Snyder in “Organic Synthesis,”” Collect. Vol.
IV, Norman Rabjohn, Ed., Wiley, New York, N. Y., 1963, pp 539~541.

(9) Raney nickel was obtained from Pfaltz and Bauer, Inc., New York,
N.Y.
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The degree of importance of steric factors in the for-
mation of organic free radicals has not received full
elucidation. Part of this is due to the complexity of
the situation and the need to assess both intramolec-
ular and intermolecular effects. The former can
qualitatively be considered in terms of I strain as
originally proposed by Brown.! Overberger, in de-
scribing the extension of this gencralized approach to
radical-forming reactions, has equated changes in ac-
tivation energy with strain changes in eyclic systems.?
Intermolecular interactions between attacking radicals
and substrates can also greatly influence the course
and extent of reaction. Such bulky species as the
dialkylamino radical cation® and the trichloromethyl
radical* show unexpectedly increased selectivity in
hydrogen-abstraction processes because of this form of
steric control.

The relation of internal strain to radical formation
has been studied by several groups of workers. Rela-
tive rates of hydrogen atom abstraction from cyclo-
alkanes in both the liquid and vapor phases have been
obtained using chlorine atom,® bromine atom,® methyl
radical,” trichloromethyl radical,® and trichloromethyl-
sulfonyl radical® among others. It was noted that
ring size did, indeed, affect the relative rates of reac-
tion. With few exceptions the order of reactivity was
cyclobutane < cyclopentane < cyclohexane < cyclo-
heptane < cyclooctane. This order clearly shows that
the ground-state strain of the cycloalkane cannot be
the cause of the effect.

(1) (a) H. C. Brown and M. Gerstein, J. Amer. Chem. Soc., 72, 2926
(1950); (b) H.C, Brown and R. B. Johannessen, ibid., T8, 212 (1851).

(2) C. G. Overberger, H. Biletoh, A, B. Finestone, J. Lilker, and J. Her-
bert, tbid., 76, 2078 (1953).

(3) R.Bernardi, R. Galli, and F. Minischi, J. Chem. Soc. B, 324 (1968).

(4) (8) G.J. Gleicher, J. Org. Chem., 38, 332 (1968); (b) W. D. Totherow
and G. J. Gleicher, J. Amer. Chem. Soc., 91, 7150 (1969).

(5) G. A. Russell, ¢bid., 80, 4997 (1958).

(6) K. C.Ferguson and E. Whittle, Trans. Faraday Soc., 67, 2618 (1971).

(7) W. A. Pryor, D. L, Fuller, and J. P. Stanley, J. Amer. Chem. Soc., 94,
1632 (1972).

(8) (a) E. 8. Huyser, E. Schimcke, and R. L. Burham, J. Org. Chem., 28,
2141 (1963); (b) F. B. Wampler and R. K, Kuntz, Int. J. Chem. Kinet., 8,
283 (1971).
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Figure 1.—Correlations of relative reactivities with calculated
strain energy changes.

Prior success has been obtained in correlating the
reactivity of polycyclic systems with calculated changes
in strain energy for both carbonium ion® and radical
reactions. In hope of extending this approach to the
study of the effect of ring size on the easc of hydrogen
atom abstraction, a series of benzocycloalkenes was
treated with the trichloromethyl radical gencrated
photolytically from bromotrichloromethane at 70°.
The trichloromethyl radical was chosen both for its
high selectivity and the convenience of operating in a
homogeneous medium. The benzannclated -cyclo-
alkanes were chosen over their monocyclic counter-
parts for the following reasons. The annelation of
the benzene ring imparts a high degree of rigidity to the
hydrocarbon. The effective number of conformers is
thereby greatly reduced, thus simplifying all calcula-
tions. The presence of the aromatic ring will also
cause reaction to take place exclusively in the benzylic
position. Table I shows the relative reactivities of

TasLe I

RELATIVE REACTIVITIES OF SOME BENZOCYCLOALKENES TOWARD
THE TRICHLOROMETHYL RADICAL AT 70°¢

Aver- Num-

age ber
Registry Relative devia- of

no. Syastem rate tion runs
4026-23-7 Benzocyclobutene 0.076 0.004 5
95-13-6 Benzocyclopentene 1.39 0.08 5
91-20-3 Benzocyclohexene 1.41 0.08 7
264~06-2 Benzocycloheptene 0.42 0.03 5
135-01-3 o-Diethylbenzene 0.84 0.06 9

@ All results given relative to fluorene.

this series of benzocycloalkenes and the electronically
equivalent o-diethylbenzene. These rates were ob-
tained relative to hydrogen abstraction from fluorene
using nmr spectroscopy as the analytical device. It
had been originally planned to utilize glc in this ca-
pacity; however, the facile dehydrobromination of
many of the benzylic halides on the column precluded
this approach. The decrease in the nmr signal for
benzylic protons was taken as defining the extent of
reaction for both the benzocycloalkene and fluorene.
These signals are easily separable, being located in
distinct areas of the spectrum. All areas were found

(9) G. J. Gleicher and P. v. R. Schleyer, J. Amer. Chem. Soc., 89, 582
(1967).
(10) V.R. XKoch and G. J. Gleicher, ibid., 98, 1657 (1971).

NotEs

relative to that of the aliphatic protons in tert-butyl-
benzene. This last compound is suitable as an internal
standard owing to its unreactivity under the present
conditions.!!

The strain energies for all species were determined
using standard techniques and parameters.® .12 Cer-
tain assumptions were of necessity made for the strain
associated with the transition states. These struc-
tures were assumed to strongly resemble the interme-
diate radicals.’® Although cyclic radicals may assume
pyramidal structure to relieve potential angle
strain,’*~1 it was felt that in the product systems
planarity would be maintained in order to maximize
the favorable resonance interaction. In Table II are

TasLE IT
CaLcuraTep STRAIN ENERGIES®
Ground
System state Radical Difference
Benzocyclobutene 116,547 128.637 12,110
Benzocyclopentene 24,797 24,328 —0.469
Benzocyclohexene 17.238 14.195 —-3.043
Benzocycloheptene 21.941 27.037 5.006
o-Diethylbenzene 22.627 21.341 —1.286

@ All results in keal/mol.

shown the calculated strain energy differences for the
present systems. While absolute strain encrgics,
particularly for the eyclobutanc derivatives, are strongly
exaggerated, the encrgy differences appear reasonable.

The changes in strain encrgy may be caused by
several factors. In the casc of benzocyclobutene the
large, unfavorable change in angle strain is the prin-
cipal factor. This is true to a much lesser extent in
benzocyclopentene and is offset by favorable changes in
torsional and nonbonded interactions. In benzo-
cyclohexene a favorable change in angle strain is
calculated, while in benzocycloheptene changes in
angle and torsional strain are both unfavorable. Ef-
fects in o-diethylbenzene are nearly equivalent in both
ground state and radical.

Figure 1 shows a graph of the logarithms of the rela-
tive rates plotted against the calculated strain energy
changes. Good linearity iz obtained. A slope of
—0.082 is found with a correlation coeflicient of
—0.974. This slope is appreciably smaller than the
corresponding values of —0.327 and —0.537 found
for formation of aliphatic tertiary and secondary
radicals.’® The present small dependence upon strain
factors is not, however, surprising in view of the high
stability and concomitant ease of formation of benzylic
radicals. It is also of interest that o-diethylbenzene
falls far below the correlation. It is felt that this is
due to an intermolecular effect in which one of the
ethyl groups may hinder the approach of the large tri-
chloromethyl radical to the benzylic position of the
second group. This is much less likely to occur in the
more rigid benzocycloalkenes.

(11) E. 8. Huyser, 1bid., 88, 391 (1960).

(12) G. . Gleicher, Tetrahedron, 28, 4257 (1967).

(13) G. 8. Hammond, J. Amer. Chem. Soc., TT, 334 (1955).

(14) 7J. Jacobus and D. Pensak, J. Chem, Soc. D, 400 (1969).

(15) M. J. 8. Dewar and J. M. Harris, J. Amer. Chem. Soc., 91, 3652
(1969).

(16) P.Bakuzes, J. K. Kochi, and P. J. Krusic, 1bid., 92, 1434 (1970).
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Experimental Section

Materials.—Bromotrichloromethane, benzocyclohexene, ben-
zocyclopentene, and teri-butylbenzene were obtained from com-
mercial sources. Benzocyclobutene was kindly donated by Pro-
fessor Phillip Radlick. Benzocycloheptene was prepared from
the Wolff-Kishner reduction of 1-benzosuberone. All materials
were purified before use. Purities greater than 999, were deter-
mined by gle.

Product Studies.—A mixture of 4.232 g (32.186 mmol) of
benzocyclohexene and 36.60 g (184.64 mmol) of bromotrichloro-
methane were treated under nitrogen for 18 hr at 70° with ir-
radiation by our standard source. After reaction and removal
of excess bromotrichloromethane, the reaction mixture was an-
alyzed by gas-liquid chromatography on a 5% SE-30 column.
It was shown that about 409, of the tetralin had reacted and one
product with a slightly longer retention time than tetralin was
formed. The compounds were collected as they eluted from the
gle column. An nmr spectrum identified the product as 1,2-
dihydronaphthalene. This was formed by probable dehydro-
halogenation of the initially formed bromide. The unreacted
starting material amounted to 19.311 mmol (2.51 g) and the
product to 1.49 g (11.620 mmol). The material balance thus
found is 96.1%,. Although no attempt was made to isolate the
initial bromide, its presence could be readily detected in the re-
action mixture by nmr spectroscopy. No elimination product
could be detected in the reaction mixture before passage through
the SE-30 column.

Kinetic Studies.—Solutions of fluorene, a cycloalkene, bromo-
trichloromethane, and tert-butylbenzene were prepared in the

Clommunications
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approximate molar ratio of 2:4:20:1, Approximately 0.75 ml
of the solution was placed in each of the several ampoules. The
ampoules were cooled to Dry Ice-isopropyl alcohol temperature
until the solutions solidified. The ampoules were evacuated at
0.5-1.0 mm and flushed with nitrogen several times with three
intermediate thawings. The ampoules were sealed under vacuum
and one was reserved for the analysis of the unreacted starting
materials. The remainder were placed horizontally just below
the surface of a mineral oil constant-temperature bath main-
tained at 70.0 == 0.5°. The solution was irradiated with ultra-
violet light provided by a Sylvania 275-W sun lamp placed 20
cm above the surface of the oil. Reaction times varied from 20
to 40 hr, by which time 30-70%, of the total hydrocarbons had
reacted. The ampoules were then cooled and opened. Anal-
ysis of the mixtures, both before and after the reaction, was
carried out via nmr spectroscopy. All determinations were run in
replicate.

Registry No.—Trichloromethyl radical, 3170-80-7.
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See Editorial, J. Org. Chem., 88, No. 19, 4A (1972)

Thermal Reorganization of Select

Azabicyclo[m.n.0] nonatrienes. Generation

of a cis,cis,trans,cis-Azonine

Summary: Mild thermal exploration of the CiHgNAe
energy surface resulted in the discovery of a variety of
mechanistically revealing transformations and the de-
tection of a cis,cis,trans,cis-azonine.

Sir:  Recently, we described the thermal behavior of
various N-methoxycarbonylazabicyclo[m.n.0]nonatri-
enes.! We now report on the thermolysis of the
acetamide analogs in terms of (i) produet distribution
and (ii) cycloadditive trapping.

When warmed to 56° in deaerated (N2) benzene, 2a?
produces a two-component equilibrium consisting (nmr)
of ~959%, 2a and 5%, l1a (Scheme I). In turn, when ex-
posed to a higher temperature (76°) this pair undergoes
rapid (t,;, ~80 min) and irreversible thermolysis to 3a
and 4a in the ratio of 1.2:1, respectively (nmr). The
thermolysate was separated into its individual com-
ponents by chromatography at —15° and 3a was char-
acterized on direct comparison (nmr, ir) with an au-
thentic sample? while 4a was formulated on the basis of
its spectra: »&g8' 1675 cm~!; m/e 161 (P+, 139%);

(1) A. G. Anastassiou, R. L. Elliott, and A. Lichtenfeld, Tetrahedron
Lett., 4569 (1972).

(2) A.G. Anastassiou, 8. W. Eachus, R. L. Elliott, and E. Yakali, J. Chem.
Soc., Chem. Commun,., 531 (1972).

(3) A. G. Anastassiou, 8. W, Eachus, R, P. Cellura and J. H. Gebrian,
Chem, Commun., 1133 (1970).
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ASH 982 nm (e 4300), 214 (6000); nmr (100 MHz,
benzene-ds, ~60°) 7 3.92 (1 H, dd, J = 2.6, 1.0 Hz, H;
or Hy), 402 (1 H,d, J = 8.5 Hz, H;), 4.1 (1 H, br d,
J ~ 5 Hez, Hy), 430 (1 H, dd, J = 11.5, 6.0 Hz, Ho),
448 (1 H,dd,J = 2.6,0.7 Hz, Hy or Hy), 4.51 (1 H, dd,
J = 11.5, 5.7 Hz, H;), 4.89 (1 H, dd, J = 8.5, 5.7 Hz,
H,), 6.58 (1 H, dd, J = 6.0, 4.8 Hz, Hy), 8.28 (3 H, s,
methyl).* While isomers 3a and 4a do not intercon-

(4) Spectral analysis required extensive decoupling procedures.



