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Thermal isomerization of 1,3-dinitro-2,trans-4-diphenylcyclobutene (3a) results initially in reversible outward
conrotation of its trans-3-nitro and 4- phenyl groups to give cis,cis-1,3-dinitro-2,4-diphenylbutadiene (6a).
cis,trans-1,3-Dinitro-2,4- dlphenylbutadxene (6b) and trdns,trans-1,3-dinitro-2,4-diphenylbutadiene (6¢) are
formed more §lowly. 1 3 Dinitro-2,cis-4-diphenylcyclobutene (3b) isomerizes by an apparently disrotatory process
to 6¢. The expected conrotatory product, diene 6b, is excluded as an initial intermediate in conversion of 3b to 6c.
The alternate product of conrotatory isomerization of 3b, trans,cis-1,3- dmltro 2,4-diphenylbutadiene (6d), was
not found. The rates of ring opening of 3a and 3b are similar. 3-Bromo-1,trans-3-dinitro-2,trans-4-diphenyleyclo-
butene (4b) and 3- chloro-1,trans-3-dinitro-2,trans-4-diphenylcyclobutene (5b) undergo quantitative conrotatory
ring opemng at similar rates in which the 3- nitro groups rotate outward and the 4-phenyl groups rotate inward to
yield cis,trans-1-bromo-1,3-dinitro-2,4- dlphenylbutadlene (7b) and cis,trans-1-chloro-1,3-dinitro-2,4-diphenyl-
butadiene (8b); respectively. ngher temperatures and/or polar solvents reversibly isomerize 7b and 8b to trans,-
trans-1-bromo-1,3-dinitro-2,4-dipheriylbutadiene (7¢)- and trans,trans-1-chloro-1,3-dinitro-2,4- diphenylbutad-
iene (8c), respectively. 3-Bromo-1,trans-3-dinitro-2,cis-4-diphenylcyclobutene (4a) reversibly and conrotatively
isomerizes with outward rotation of its nitro group to cis,cis- 1-bromo-1,3-dinitro-2,4- diphenylbutddiene (7a). Bro-
mine at the 3 position of a cyclobutene enhances its stability relative to its isomeric diene. The structures of the
present butadienes were assigned by comparison of their NMR spectra with those of trans- and cis- B-nitrostyrenes
and their a-methyl, 8-methyl, 3-bromo, and -chloro derivatives. The syntheses and characterizations of previously
unreported cis-3-nitrostyrenes and their interconversions with their trans isomers are described.

Thermolysis of cyclobutenes to conjugated butadienes
(sequence 1) is one of the simplest valence isomerization

A

stereochemistry of isomerization of such systems is limited,
however.

Although the principles of concerted isomerization of simple
cyclobutenes have been established,34 it has been proposed

disrotatory that bulk, polar, or/and conjugative substituent effects may
B alter the control mechanism or the stereochemistry of ring
opening of highly substituted cyclobutenes.® In an effort to
obtain additional information with respect to various factors
involved in isomerizations of cyclobutenes, a study has been
made of the isomerization of various 1,3-dinitro-2,4-diphen-
yleyclobutenes (3a-5b).
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reactions.2s-¢ The reverse process, thermal cyclization of a
butadiene to a cyclobutene, is relatively rare,2d-t however,
because butadienes are usually much more stable thermo-
dynamically.? As présently known, thermal valence isomer-
izations of cyclobutenes to open-chain butadienes are in-
variably conrotatory. 3-5 This specificity has been rationalized
on the basis of orbital symmetry.3

Four isomeric 1,3-butadienes are derivable from valence
isomerizations of the 3,4-disubstituted cyclobutenes la and
1b (sequence 1).8 Trans 3,4-disubstituted cyclobutenes la
generally isomerize more rapidly than do their cis isomers 1bh
and give the conrotatory products 2a rather than 2¢ (sequence
1). Conrotatory isomerization of 1a thus appears to be con-
trolled by steric interactions in the alternative transition
states.” Cis 3,4-disubstituted dienes 1b may isomerize ther-

Results and Discussion

Isomerization of 1,3-Dinitro-2,4-diphenylcyclobutenes
(3a-5b). In the present study the stereochemistry and rates
of thermal isomerizations of stereoisomeric 1,3-dinitro-2,4-
diphenylcyclobutenes (3a, 3b), 3-bromo-1,3-dinitro-2,4-
diphenylcyclobutenes (4a, 4b), and 3-chloro-1,3-dinitro-
2,4-diphenylcyclobutenes (5a, 5b) have been investigated.®
The products are 1,3-dinitro-2,4-diphenylbutadienes and
1-halo-1,3-dinitro-2,4-diphenylbutadienes and the structures
are assigned primarily upon NMR comparison with model
compounds as explained later in this paper. Significant among
our findings are (1) cyclobutenes 3a, 4a, 4b, and 5b undergo
kinetically controlled conrotatory isomerizations in which the
3-nitro groups rotate outward, (2) cyclobutene 3b isomerizes
thermally by an ostensibly disrotatory process, and (3) 1,3-
dinitro-2,4-diphenylbutadienes 6a and 7a reversibly cyclize
extensively or nearly completely to cyclobutenes.

In chloroform at 56 °C, trans 3,4-disubstituted cyclobutene
3a isomerizes (k; = 8 X 1076 s"1 see Table I) reversibly to
cis,cis-1,3-dinitro-2,4-diphenylbutddiene (6a),!° the product
of conrotatory isomerization (seqtience 2). Subsequently, 3a

mally via conrotatory routes to dienes 2b and 2d (sequence
1); detailed knowledge of steric and electrotiic effects on the

* To whom correspondence should-be addressed at the Department of Soil
Science, Oregon State University, Corvallis, Oreg. 97331,

or 6a at 56 °C gives a mixture containing 3a and 6a in a 35:65
ratio. Cis,trans diene 6b and trans,trans diene 6c then form
as heating is continued (sequence 2; cf. Table I and Figure 1).
Prolonged heating gives 6¢, the thermodynamically stable
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TableI. Kinetic and Equilibrium Data for Isomerization of 3a, 3b, 6a, 6b, and 6¢ 2
Product composition,? %
k1 X 108,
Compd - Solvent?  Temp, °C Time,¢ h 3a 3b 6a 6b 6c Unk g1
3a C 56 15 69 31 7.8
56 40 49 51 Tr 6.9
56 140 25 39 4 33
3a C-H 56 15 63 21 11 5
56 40 44 21 Tr 27 8
3a C-H 56 24.5 53 47 9.5
3a B-H 56 24.5 54 46 8.9
3a A-H 56 24.5 21 79 18
6a C 56 14.8 19 81 5.2
51-55 38 30 70 Tr
56 93 31 53 Tr 16
56 219 Tr 100
6a C-H 56 14.8 12 51 20 16
51-55 38 15 22 7 45 12
56 93 Tr Tr Tr 66 34
3b C 56 50 59 41 3.0
294 Tr 100
3b C 56 61.5 36 Tr 64 4.6
3b C-H 56 61.5 34 43 23 4.9
3b C-H 56 24.5 64 36 5.0
3b B-H 56 24.5 77 22 2.7
3b A-H 56 24.5 73 27 3.5
6b C 56 61.5 100
6b C-H 56 300 13 61 26
6c C 80 119 100

¢ Data from representative kinetic and equilibration experiments are presented in Table I. The data given are only a small part
of the total obtained. The rate constants reported in the Discussion are average values based on all of the data, and therefore may
differ from the rate constants in Table I, which are calculated from an individual experiment. ® Solvents: C, chloroform-d; C-H,
chloroform-d + hydrogen chloride; B-H, benzene-dg + hydrogen chloride; A-H, acetonitrile + hydrogen chloride. Omission of a
solvent symbol indicates that the experiment is a continuation of the one listed immediately above. ¢ Time is given cumulatively
for an experiment at a single temperature. If an experiment was continued at different temperatures, the time listed for the contin-
ued experiment is for that temperature only. ¢ Unk, unknown compounds; Tr, trace amounts.
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product, in increasing proportions.!! The rapid quantitative
conversions of 6a and 6b to 6¢ in warm ethanol or in the
presence of triethylamine provide further evidence that 6e is
the most stable diene of the present system.

Of particular interest with respect to 3a is that its conro-
tatory isomerization could give either 6a or 6¢ (sequence 2).
Initial formation of the thermodynamically less stable 6a thus
constitutes a clear example of kinetic control in electrocyeclic
isomerization of the cyclobutene. Although 6¢ is more stable
than 6a because of the thermodynamic preference of 8-ni-
trostyrene moieties for trans geometry, the reaction path for
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8 7 6
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Figure 1. NMR spectrum (100 MHz) of reaction mixture from 6a
after 250 h at 56 °C (CDCl; + HC)); approxxmate composition 3a, 20%;
6a, 37%; 6b, 16%; and 6¢, 27%.

decomposition of 3a apparently reflects the structure of the
reactant and thus the transition state in which the trans-3-
nitro and 4-phenyl groups conrotate outward leading to 6a is
favored. In the transition state leading to 6¢ there will be se-
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Figure 2. NMR spectrum (100 MHz) of reaction mixture from 3b
after 1160 h at ~30 °C (CDCl; + HCl); approximate composition 3b,
54%; 6b, trace; and 6¢, 46%.

vere intramolecular crowding as both the 3-nitro and 4-phenyl
groups rotate inward. ‘

In chloroform at 56 °C cis 3,4-disubstituted cyclobutene 3b
isomerizes (k1 = 4.7 X 10~8g~1; £;/5 ~40 h) to trans,trans bu-
tadiene 6c, the thermodynamically most stable butadiene that
can be formed in this system (sequence 2 and Table I). Con-
version of 3b to 6¢ is formally a disrotatory process.® Of further
note is that the rate constant for ring opening of 3b at 56 °C
is similar to that of 3a. Cis,trans diene 6b is never observed
among the products of the isomerization of 3b in more than
trace amounts (cf. Figure 2). Moreover, 6b is unchanged after
more than 60 h in chloroform at 56 °C. Thus diene 6b, the
conrotatory product expected if the 3-nitro group of 3b rotates
outward and the 4-phenyl group rotates inward, is excluded
as an unstable intermediate in isomerization of 3b.to 6¢. The
alternative conrotatory product, trans,cis-1,3-dinitro-2,4-
diphenylbutadiene (6d, sequence 2), derived from inward
rotation of the 3-nitro group and outward rotation of the 4-
phenyl group, could not be found though intensively
sought,12-14

The rate of isomerization of 3b is as anomalous as the
stereochemistry of its ring opening. Commonly cis 3,4-di-
substituted cyclobutenes isomerize more slowly than the
corresponding trans 3,4-disubstituted cyclobutenes by factors
of 20 to 100 or more.22->15 When, as in bicyclic structures,
conrotatory isomerization of cyclobutenes is prevented by
steric constraints, the rates of disrotatory isomerization may
be orders of magnitude slower than for the analogous nonbi-
cyclic conrotatory reactions.3? However, 3b, a cis-disubsti-
tuted cyclobutene, isomerizes slower than the trans-disub-
stituted cyclobutene 3a by a factor of only 2 or less.

There is as yet no definitive explanation for the isomer-
ization of 3b to 6¢c. An immediate question that can be raised
is that the structure of 6¢ is in error and that 6¢ is 6d, a
product of conrotatory ring opening of 8b. As will be indicated
in subsequent discussion, an incorrect stereochemical as-
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signment for 6¢ is unlikely.1® One of the possible interpreta-
tions of the results for isomerization of 3b is that 6d is indeed
formed initially and that the “allowed” diene undergoes rapid
isomerization to 6¢ by the sterically favorable heterocyclic
route as illustrated in sequence 3. Ring closure and isomer-
ization to 6¢ via 6e is much more accessible sterically for 6d
than for its diene isomers. An alternate possibility for the
difference in the stereochemical control for ring opening of
3a and 3b is that the cyclobutenes react by different mecha-
nisms. Preservation of orbital symmetry in ring opening of 3a
and 3b will only be required if the cyclobutenes collapse via
concerted processes. As has been noted 3b undergoes isom-
erization more rapidly, when compared to 3a, than might be
expected. Study of solvent effects on the rates of ring opening
of 3a and 3b (Table I) reveals that there is but little acceler-
ation of isomerization of the cyclobutenes in acetonitrile, a
polar solvent, as compared to benzene and chloroform. The
limited kinetic responses of 3a and 3b to solvent polarity
during isomerization thus indicate that there is no great dif-
ference in the polar character of the transition states for the
two ring-opening reactions. The facts that 3b collapses almost
as rapidly as does 3a to dienes and that the solvent response
for these two processes is similar leave open the possibility
that isomerization of 3a to 6a is an electrocyclic process
whereas 3b, the more strained isomer, undergoes ring rupture
by a homolytic mechanism with subsequent reorganization
to 6c¢.

A study was then made of thermal isomerization of cyclo-
butenes 4a—5b, stereochemical analogues of 3a-3b containing
bromine or chlorine at the 3 positions of the cyclobutene rings.
Bromocyclobutene 4b and chlorocyclobutene 5b, which have
cis-3-nitro and 4-phenyl groups, quantitatively undergo
conrotatory ring opening (sequence 4, Tables II and III) to

CeH; NO,
—
X
O.N C.H,
4b, X =Br
5b, X =Cl
H,Cs X H,C, NO,
O,N CeH; O,N CH,
7b Tc
8b 8c

¢is,trans bromodiene 7b and cis,trans chlorodiene 8b, re-
spectively. In the isomerizations of 4b and 5b, the 3-nitro
groups rotate outward and the 4-phenyl groups rotate inward.
There was no evidence for formation of alternative conrota-
tory or disrotatory products. The rate constants (k1) for de-
composition of 4b and 5b in chloroform at 56 °C are 70 X 106
and 120 X 108 s~1, respectively. Cyclobutenes 4b and 5b thus
isomerize considerably more rapidly than do 3a or 3b. Dienes
7b and 8b are initially stable in chloroform at 56 °C and thus
are conrotatory products of kinetic control from 4b and 5b.
At higher temperature (80 °C) and/or in polar solvents, 7b and
8b isomerize and give equilibrium mixtures containing
trans,trans bromo- and chlorodienes 7¢ and 8c, respectively;
7b and 7c¢ equilibrate in near-equal amounts.!”?

The valence isomerizations of 4b and 5b are noteworthy in
that the observed stereochemistries are not predictable from
the relative sizes of the substituents on carbon atoms 3 and
4, When ranked according to their conformational energies
in monosubstituted cyclohexanes the relative sizes are CgHs
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Kinetic and Equilibrium Data for Isomerization of 4a, 4b, 7a, 7b, and 7c #

Product composition,? %

ki X 106,
Compd Solvent? Temp, °C Time,° h 4a 4b 7a 7b Tc Te Unk s~1
4a C-H 56 95 100 Tr
56 335 21 14 7 58
4a Ce 56 104 >85 Tr ~5
56 340 86 4 10 Tr
56 990 14 12 13 35 26
7a C 56 20 11 65 14 10 2
56 63 23 22 33 22
7a C 56 236 50 11 16 23
80 60 15 35 29 22
4b C 56 3.9 32 68 81
4b C 67 72 100
7b C 56 23 100
56 84.4 100 Tr
7b C-H 56 23 100 Tr
56 84.4 86 14
7b C 67 72 100 ‘
) D/ 56 240 49 51 g
7c D 56 240 51 49 g
7c C 56 176 100
7c C 80 380 44 56

a-d These footnotes are explained in Table L ¢A 30% solution of 4a in C. f Solvent: D, dimethyl sulfox1de de € Unknowns

present in undetermined amounts.

Table ITI. Kinetic and Equilibrium Data for Isomerization of 5a, 5b, and 8b 2
Product composition, %
) ki X 108,
Compd Solvent? Temp, °C Time,¢ h 5a 5b 8b Se 8e g~t

5a C 56 25 100

56 236 90 10 Tr

56 610 22 15 Tr 63

80 60 11 23 8 59
5b C 56 3.9 17 83 127
5b C 67 72 100
8b C 100 108 63 37

a-c These footnotes are explained in Table 1.

(8.0) > NOg (1.1) > Br (0.4) ~ C1 (0.4).18 Thus in the expected
conrotatory isomerizations of 4b and 5b, phenyl and halogen
would rotate outward, and nitro would rotate inward. How-
ever, in the observed reactions of 4b and 5b the nitro group
rotates outward and the phenyl and halogen rotate inward.
The reason for the strong preference of the nitro group for
outward rotation is not yet clear but may be related to its
strong conjugating properties. The influence of substituents
on cyclobutene carbons 1 and 2 on the stereochemistry of
conrotatory isomerization of cis 3,4-disubstituted cyclobu-
tenes may be significant but is not presently assessable.
The thermolysis of 4a (sequence 5, Table II) is notably more

CoHs; X X

NO, == CeH; \ / NO,

ON C.H, oN  CH,

4a, X =Br 7a

5a, X =Cl [8a]

l H,C, X H.C, NO,
NO, + X )

CuoHL XN0, w \ 7/

Te O.N CeH, O,N CeH,

8e 7b 7c

8h 8c

complicated than that of its epimer 4b and yields three bro-
mobutadienes (7a-c¢) and an unidentified isomer 7e which on
the basis of its chemical and physical (especially spectral)
properties is neither a cyclobutene nor a butadiene.!®20
Heating either 4a or 7a gives mixtures containing 4a, 7a, and
varying proportions of 7b and 7¢. Since 7b and 7¢ do not cy-
clize detectably to 4a, conversion of cyclobutene 4a to cis,cis
diene 7a constitutes a reversible conrotatory isomerization
in which the nitro group moves outward. The relative slowness
of ring opening of 4a, the small proportion (~4%) of 7a in the
equilibrium, and the side reaction leading to 7e prevented
direct measurement of the rate of isomerization of 4a to 7a.
The rate constant (k1, 56 °C) for reversible ring opening of 4a
as estimated from the rate constant of cyclization of 7a to 4a
and the proportion of 4a and 7a present at equilibrium is of
the magnitude 0.1 X 1078 571,21 Isomer 4a thus undergoes ring
opening slower by a factor of at least 200 than does 4b. The
cyclobutene-butadiene equilibrium for bromocyclobutene
4a contains predominantly cyclobutene 4a whereas the cor-
responding equilibrium for cyclobutene 3a, which lacks bro-
mine, consists predominantly of butadiene 6a. The presence
of halogen at the 3 position of a cyclobutene appears to favor
the cyclic form of a cyclobutene-butadiene equilibrium, a
trend observed by others,2e-g

The fact that cyclobutene 4b undergoes ring opening more
rapidly than do 3a, 3b, and 4a is of considerable interest. It
might be expected that collapse of 4b would occur slowest
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since movement of phenyl at C-4 toward bromine at C-3 is
involved. The greater reactivity of 4b than of 3a or 3b may
result from weakening of the C-3 and C-4 bond of a dinitro-
diphenylcyclobutene upon substitution of bromine at C-3. The
greater ease of ring opening of 4b than 4a might also arise from
greater weakening of the C-3 and C-4 bond in the cyclobutenes
when phenyl at C-4 is cis rather than trans to the nitro group
at C-3.

Synthesis and Interconversions of cis- and trans-g-
Nitrostyrenes. Implicit in the preceding discussion are re-
liable structural assignments for butadienes 6a—8¢. In the
present work the structures of the dienes were deduced
principally from their NMR spectra upon comparison with
the model compounds: trans- and cis-3-nitrostyrenes (9a, 9b)
and their 8-methyl (10a, 10b), «-methyl (11a, 11b), 3-chloro

(12a, 12b), and 8-bromo (13a, 13b) derivatives, respectively.

CGHS\ /Y C6H5\ /N02 CgH5\
_e=c_ _e=__ _C—CH—NO,
X No, X Y HC

9, X=Y=H 9b e
10a, X=H; Y =CH, 10b

lla, X=CH; Y=H 11b
12, X=H; Y=Cl 12b
13a, X=H; Y=Br 13b

" Cis-trans isomerism and photoisomerizations of $-ni-
trostyrene and its simple derivatives have been described only
fragmentarily.!?22 The known isomers of 8-nitrostyrene and
2-nitro-1-phenylpropene were assigned trans structures (9a,
10a) from their dipole moments;?? isolation of trans- and
cis-a-methyl-8-nitrostyrenes (11a, 11b) was independently
reported by us'® and others.??.¢2¢ We prepared 1la by
treating the product of a-methylstyrene and dinitrogen te-
troxide with triethylamine;?5 11a was isolated chromato-
graphically from coproducts 11b and 11e. Solar irradiation
of the individual trans isomers 9a,26 10a, 11a, and 12a in hy-
drocarbon solvents yielded photostationary mixtures con-
taining 60-80% of the corresponding cis isomers 9b, 10b, 11b,
and 12b, respectively; irradiation of 13a, however, gave mix-
tures having only 10-209% 13b. The cis isomers were isolated
by chromatography and evaporative distillation or recrys-
tallization. In the presence of iodine, 9b, 10b, and 12b revert
completely to their respective trans isomers 9a, 10a, and 12a.
Isomerization of 11b by iodine gives an equilibrium mixture
of ~98% 11a and 2% 11b. The fact that 11b is not completely
isomerized to 11a is indicative of the steric interaction of the
nitro and the methyl groups in 11a. Triethylamine is an ef-
fective catalyst for trans isomerizations of 10b, 12b, and 13b
presumably by addition—-elimination processes as in sequence
6.27

CSHS\C=C/NOZ (C,H; 1N
_‘(C;‘Hﬁ)aN
X/ \Y
10b
12b’
13b
Cotly CH
NO,” s Y
+ / - ‘(C»)Hs)J \ /
(CzHa)SN_—(l:_C\ (C,H:):N /C=C\ ®
! N NO,
X=H; Y=CH; 12:
X=H; Y=Br

Reaction of 11a with basic methanol and acidification of the
resulting 2-phenyl-2-propenenitronate ion with acetic acid
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yields a mixture of methylnitrostyrenes of near-kinetic control
in which the principal product (84%) is the isomer (11e¢) in
which the olefinic center is not conjugated with the nitro
group.2® This result parallels that for acidification of other
conjugated alkenenitronate ions2%2-¢ and agrees with the ex-
pectation that proton transfer to a stabilized ambident ion will
give the product of kinetic control that is derived from mini-
mum reorganization of the reactants.2%d It is of note that 11a
is isomerized more rapidly to 11¢ by triethylamine than is 11b.
Isomerizations of 11a and 11b to 11e by triethylamine occur
primarily by proton transfer processes involving triethylamine
rather than by addition-elimination (as in sequence 6). Ni-
tropropene 11la may be more reactive because its transition
state for proton removal is of preferred cis-allylic structure3©
and will allow more effective conjugation of its nitro and
phenyl groups.

CH, H
- - >c=c<
(CH)N - H -+ CH, NO,
11d

NMR Properties of 3-Nitrostyrenes. NMR Properties
and Structural Assignments of 1,3-Dinitro-2,4-di-
phenylbutadienes. The NMR spectra and the geometries of
model compounds 9a-13b (Table IV) are correlatable in that
the signals from H or CHj in either the o or § position appear
at lower field in the trans isomers than in the corresponding
cis isomers.3! In the compounds having trans-3-nitrostyrene
moieties, resonance of the a-vinyl hydrogens occurs at
7.84-8.60 ppm; the «-vinyl hydrogen signals of cis-§-ni-
trostyrene moieties, however, are in the 6.34-7.02-ppm region.

~ The signals for 3-vinyl hydrogen of the 8-nitrostyrene moieties

are less strongly influenced by geometry and occur at 7.16-7.41
ppm for the trans compounds and at 6.91-6.96 ppm for the cis
compounds.

.~ The NMR properties of the 1,3-dinitro-2,4-diphenylbuta-
dienes (6a—c) and the 1-halo-1,3-dinitro-2,4-diphenylbuta-
dienes (7a-8c) are summarized in Table IV. Butadienes 6b,
6c, 7b, 7c, 8b, and 8c all have singlet signals at 8.2-8.4 ppm;
clearly this demonstrates the presence of a-vinyl hydrogen
of trans-B-nitrostyrene moieties in these dienes. Diene 6¢ has
a second signal for vinyl hydrogen at 7.73 ppm. Since 8 hy-
drogen of a cis-nitrostyrene would resonate much further
upfield, the 7.73-ppm signal can reasonably be only that of 3
hydrogen of a second trans-S-nitrostyrene moiety and thus
6c has the trans,trans structure. The second vinyl hydrogen
signal for 6b at 7.06 ppm is in the range for §-vinyl hydrogen
of a cis-B-nitrostyrene and thus 6b is a cis,trans diene. Diene
6a has vinyl hydrogen signals at 7.18 and 6.45 ppm. The latter
signal unambiguously demonstrates « hydrogen of a cis-3-
nitrostyrene moiety. On comparison with the model com-
pounds (Table 1V), the 7.18-ppm signal of 8 hydrogen is
compatible with either cis- or trans- S-nitrostyrene geometry.
In 6¢ however, the 8-hydrogen signal of the trans-B-ni-
trostyrene moiety was much farther downfield, near 7.7 ppm.
Therefore, the 7.18 ppm signal of 6a most probably represents
B-vinyl hydrogen of a cis-3-nitrostyrene moiety and thus 6a
has a cis,cis structure. The stereochemical assignment for 6a
is consistent with its reversible conrotatory isomerization to
3a.

Halodienes 7a-8¢ lack 8-vinyl hydrogens but the geometries
of the B-halo-B-nitrostyrene moieties of these dienes could be
assigned by comparing the NMR spectra of their phenyl hy-
drogens with the spectra of the model compounds, cis- and
trans-3-halo-3-nitrostyrenes. trans-3-Halo-3-nitrostyrenes
12a and 13a exhibit phenyl hydrogen signals that consist of
two distinctive multiplets at relatively low field. The phenyl
hydrogen signals of the cis isomers 12b and 13b differ diag-
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Table IV. Nuclear Magnetic Resonance of 1,3-Dinitro-2,4-diphenylbutadienes 6a-8c and Nitrostyrenes 9a-13b ¢

Compd oH GH CH; CgHs

6a 6.45s 7.18s 7.1-7.5m

6b 8.33s (1) 7.06s (1) 7.35-7.55 m (8); 7. 65 7.8 m (2)

6e 8.39s 7.73s 7.2-7.6 m

7a 7.04s (1) 7.3-7.5m (10)

b 8.18s 7.3-76m

7c 8.31s (1) 7.32s (5); 7.45-7.60 m (3);
7.65-7.80 m (2)

8b 8228 7.3-7.6 m

8c 8.33s (1) 7.31 8 (5); 7.45-7.60 m (3);
7.70-7.82'm (2)

9abc 7.84d 7.41d 7.49%

9pb.e 6.71d 6.91d 74 m

10a¢ 8.00d 2.40d 7.35s

10b¢ 6.34d 2.30d 72458

1la¢ 7.16d 2.5Sd 7.37s

11b¢ 6.96d 2.13d 7.0-7.4m

1lc [5.41 s, vinyl H] [5.69 s, vinyl H] [5.20's, CHsNOg) 7.26 s

12a 8.33s(1) 7.4-7.6 m (3); 7.76-7.95 m (2)

12b 6.90s 7.2-7.4m )

13a 8.60s (1) 7.4-7.6m (3);7.75-7.95m (2)

13b 7.02s 7.2-74m

@ Chemical shifts are & values relative to tetramethylsilane; the NMR solvent was chloroform-d. Singlet, doublet, and multiplet
signals are designated by s, d, and m. Relative signal areas, if obtained, are given in parentheses. ® These assignments were con-
firmed by deuteration experiments. ¢ Coupling constants are for vicinal vinyl hydrogens or vinyl hydrogens and the hydrogens of

vicinal methyl groups and are 9a, J = 13.7; 9b, J = 9.6; 10a, 10b, 11a, 11b, J €

Table V. Ultraviolet Absorption Maxima of
Nitrostyrenes 9a—-13b in Ethanol

Compd  Amax, N eX 1074 Amayx, M € X 1074
9a° 226 0.9 310 1.7
9b 223 1.0 306 0.6

10a 226 1.0 305 1.2
10b 295 14 282 0.3
1la 226 1.1 293 1.3
11b 223% 1.1 2708 0.4
1le 237 1.1

12a 226 1.3 320 1.9
12b 223 1.3 320 0.4
13a 296 0.9 324 1.2
13b 246 1.2 327 0.19

@ Data from ref 32a. ® Inflection.

nostically in form and occur at higher field (Table IV). Since
the phenyl hydrogen signals of cis- and trans-3-bromosty-
renes exhibit similar qualitative differences31d while the NMR
signals of nonhalogenated cis- and trans- 8-nitrostyrenes lack
‘these specific differences, the differences appear to reflect the
cis and trans geometries of the 8-halo groups.

The phenyl hydrogen signals of halodienes 7¢ and 80 each
contain two distinctive multiplets indicative of their trans-
B-halo-B-nitrostyrene moieties (Table IV); 7c and 8c are
therefore assigned trans,trans structures. The phenyl hy-
drogen signals of 7b and 8b resemble those of cis-3-halo-3-
nitrostyrenes 12b and 13b; therefore 7b and 8b have cis,trans
structures. Bromodiene 7a has a NMR signal at 7.04 ppm that
represents «-vinyl hydrogen of a cis-B-nitrostyrene moiety.
Diene 7a is assigned as cis,cis rather than as trans,cis on the
basis that its phenyl hydrogen signals are at 7.31-7.41 ppm
as simple multiplets and correspond to those of cis- rather
than ¢rans-8-halo-B-nitrostyrenes (Table IV). The structure
for 7a is also consistent with reversible conrotatory isomer-
ization of 4a involving outward rotation of the trans S-nitro
and 4-phenyl groups.

Ultraviolet Absorption of trans- and cis-8-Nitrosty-
renes. The 8-nitrostyrenes studied previously show strong

1.5 Hz.

ultraviolet absorption maxima in the 300-nm region® and are
presumably of trans stereochemistry. a-Nitrostilbenes con-
taining the cis-nitrostyrene moiety lack this 300-nm maxi-
mum. As seen in Table V, the ultraviolet spectra of the simpler
trans- and cis-nitrostyrenes (9a—13b) of the present study also
show such a contrast. Whereas the trans isomers exhibit strong
maxima in the 300-nm region, the cis isomers usually absorb
at shorter wavelengths and have greatly reduced maxima or
show end absorption. The reduced long wavelength absorption
of the cis-B-nitrostyrenes may be related to the inability of
these isomers to assume the planar configuration which is
necessary for-effective conjugation. Derivatives of 1-nitro-
2-phenyleyclobutene, . although contalnlng the cis-8-ni-
trostyrene moiety, exhibit absorptlon maxima nedr 330 nm
(e ~10%).9 Incorporatlon of a cis-B-nitrostyrene moiety into
a four-membered ring. should allew the phenyl and nitro
groups t¢ approach coplanarity and in conjunction with the
ground-state strains lead to the bathochromic effects exhib-
ited by 3a-5b.%

Experlmental Section

General Techniques. Analysis, separation, and purlflcatlon of
reaction products by column and thin layer chromatographic methods
were effected as described previously.? The uv spectra of 6a-8¢ in
cyclohexane were determined-on a Cary 14M spectrometer. The uv
spectra of 9b-13b in ethanol were recorded as a separate group with
Bausch and Lomb Spectronic 505 and Cadry 14M spectrometers.
Varian Associates HR 60 and HR 100 spectrometers were used to
determine the nuclear magnetic resonance of the nitro compounds
in cl;éoroform -d or carbon tetrachlorlde contammg tetramethylsil-
ane.

Isomerization of 1 3- Dlnitro 2,trans-4- dlphenylcyclobutene
(3a) to cis,cis-1,3-Dinitre-2,4-diphenylbutadiene (6a), cis,-
trans- 1,3-Dinitro-2,4-diphenylbutadiéne ,(61)), and trans,-
trans-1,3-Dinitro-2,4-diphenylbutadiene (8¢). After exposure to
hydrogen chloride, a solution of 3a (1.5 g) in toluene was kept for 75
h at 56 °C and then concentrated in vacuo. Fractional crystallization
gave recovered 3a, then two crops that contained predominantly 6a

-(0.72 g) along with 3a (0.17 g). Prisms of 34 and 8a could be manually
separated because of their different crystal habits and the deeper
yellow color of 6a. Further crystallization yielded 3a (0.05 g; total 0.38
g, 25%), 6a (0.06 g; total 0.78 g, 52%), yellow dendrites of 6b (0.01 g,
0.7%), and yellow plates of 6¢ (<0.01 g) that became green-yellow in
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light. Recrystallization gave pure 6a, mp 105-106 °C, uv Amayx (cy-
clohexane) (e) 232 nm (sh, 1.2 X 10%), 322 (1.8 X 104); 6b, mp 120-128
°C, uv Amax (cyclohexane) () 228 nm (2.0 X 104), 308 (1.6 X 10%); and
6c, mp 144-145 °C, uv Dpax (cyclohexane) () 226 nm (1.5 X' 104), 307

(2.4 X 10%). In chromatographic separation, the order of elution’

(benzene-hexane) for the isomers is.3a > 6a > 6b > 3b ~ 6c.

Anal. Caled for C16H19NoOy4 C, 64.85; H, 4.09; N, 9.47. Found for
6a: C, 64.94; H, 4.21; N, 9.47. Found for 6c: C, 64.96; H, 4.00; N,
9.32.

When 6a (0.1 g) in ethanol was kept for 10 min at 75 °C, 6¢ (0.08
g, 80%), mp 144-145 °C, was obtained. Heating 3a (0.1 g) at 70 °C for
4 days in ethanol gave 6c (0.09 g, 90%), mp 144-145 °C. After 6b was
kept for 15 h in methanol at 65 °C, only 6¢ was detectable (TLC
analysis). Treating a mixture of 10% 3a, 17% 6a, 18% 6b, and 55% 6¢
(total 0.04 g) in chloroform (0.5 ml) with triethylamine (1 drop) caused
gradual deepening red coloration. After 20 min, the mixture contained
~5% 3a and ~95% 6¢; 6a and 6b were no longer detectable. In addition
to the chemical characterization of 6b by its isomerization to 6c (see
also Table I), 6b was identified by its NMR (no detectable impurities),

' ir, and uv spectra. Because so little 6b was isolated, elemental analysis
was not performed.

Isomerization of 1,3-Dinitro-2,cis-4-diphenylcyclobutene (3b)
to trans,trans-1,3-Dinitro-2,4-diphenylbutadiene (6c). Heating
3b in various solvents (e.g., ethanol, chloroform, benzene, and toluene)
gave 6¢ in nearly quantitative yield. The very low solubility of 6¢ in
hexane greatly facilitated its isolation.

Isomerization of 3-Bromo-1,trans-3-dinitro-2,trans-4-di-
phenylcyclobutene (4b) to cis,trans-1-Bromo-1,3-dinitro-2,4-
diphenylbutadiene (7b). A toluene solution of 4b (0.50 g) was heated
for 36 h at 85 °C. Concentration and recrystallization gave 7b (0.40
g, 80%) as clumps of spiraled yellow fibers, mp 125-127 °C, mol wt
caled 375, found 389 (vapor phase osmometer). In chloroform at 87
°C for 72 h, the conversion of 4b to 7b was quantitative.

- Anal. Caled for C16H;;BrNoOy4 C, 51.21; H, 2.96; Br, 21.30; N, 7.47.
Found: C, 51.00; H, 2.82; Br, 21.32; N, 7.26.

Isomerization of 3-Bromo-1,trans-3-dinitro-2,cis-4-diphen-
yleyclobutene (4a) to cis,cis-1-Bromo-1,3-dinitro-2,4-di-
phenylbutadiene (7a), cis,trans-1-Bromo-1,3-dinitro-2,4-di-
phenylbutadiene (7b), trans,trans-1-Bromo-1,3-dinitro-2,4-
diphenylbutadiene (7¢), and Compound 7e. A chloroform solution
of 4a (0.52 g) was exposed to hydrogen chloride, sealed in-a bottle, and
heated at 80 °C for 58 h. After concentration of the mixture, the
product was first crystallized to 4a (three crops, 0.16 g, identified by
ir). After filtration through silicic acid (previously exposed to hy-
drogen chloride), the product was crystallized further to yellow clumps
of 7b (0.02 g), mp 124-127 °C, uv Amex (cyclohexane) (¢) 225 nm (1.6
X 10%), 308 (1.6 X 10%), and yellow prisms of 7¢, mp 150-151 °C, mol
wt caled 375, found 331 (cryoscopic method in benzene), uv Amax
(cyclohexane) (¢) 228 nm (1.8 X 10%), 310 (1.5 X 10%). The next crys-
tallization gave yellow plates of 4a (0.02 g) and small, oblong, yellow
prisms of 7a (0.01 g, 2%), mp 126-129 °C. The remaining material,
when chromatographed on silicic acid with 20% benzene—hexane as
eluent, gave colorless columns or prisms of 7e (0.002 g, 0.4%), mp
132-134 °C, mol wt caled 375, found 395 (vapor phase osmometer),
uv max 261 nm (e 20 000), NMR & 5.48 (singlet, area 1, nonaromatic
H) and 7.2-7.6, 7.7-7.9 (multiplets, areas 8 and 2, respectively, C¢Hs),
additional 4a (total 0.21 g, 40%), 7b (total 0.08 g, 15%), and 7¢ (total
0.13 g, 25%). In thin layer or column chromatography, the order of
elution (benzene-hexane) is 7e > 4a ~ 4b > 7a ~ 7¢ > 7b. Diene 7a
was also isolated in ~1% vield by fractional crystallization of the
mixture resulting from refluxing 4a in 1-octene for 30 min; uv Amax
(cyclohexane) (¢) 281 nm (1.5 X 104), 291 (0.9 X 10%).

Anal. Caled for C1gH1:BrN2O4: C, 51.21; H, 2.96; Br, 21.30; N, 7.47.
Found for 7e: C, 51.30; H, 3.18; Br, 21.55; N, 7.46. Found for 7e: C,
51.01; H, 3.05; Br, 21.87; N, 7.30. :

Because very little 7a was isolated, it was not analyzed. Chemical
characterization of 7a was provided by its isomerization to 4a, 7b, and
7¢ (Table II). Refluxing 7b (0.2 g) in ethanol for 2 days gave un-
changed 7b (0.07 g) and 7c (0.09 g, 45%; identified by ir spectra).
Refluxing 7e (0.40 g) for 2 days in ethanol yielded unchanged 7¢ (0.14
g) and 7b (0.10 g, 25%). Dienes 7b and 7¢ also interconvert in dimethyl
sulfoxide and, under more drastic conditions, in chloroform (see Table
II).

Conversion of 7b by Sodium Iodide-Acetic Acid to 6¢. A mix-
ture of sodium iodide (4.0 g, 27 mmol) and 7b (1.0 g, 2.7 mmol) in
acetic acid (75 ml) was heated for 3 days at 65 °C. Addition of the
solution to ice water gave a gummy solid. Chromatographic separation
and crystallization from benzene-hexane yielded yellow plates of 6¢
(0.42 g, 1.4 mmol, 52%), mp 143-145 °C, identified by its ir spectrum.

Isomerization of 3-Chloro-1,trans-3-dinitro-2,trans-4-di-
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phenyleyelobutene (5b) to cis,trans-1-Chloro-1,3-dinitro-2,4-
diphenylbutadiene (8b). A toluene solution of 5b (1.0 g) was heated
for 26 h at 65 °C. After concentration, the product crystallized to
spiraled yellow fibers of 8b (0.95 g, 95%), mp 132-134 °C, uv Amax
(cyclohexane) (e) 226 nm (1.6 X 104), 309 (1.5 X 10%). In chloroform
at 87 °C for 72 h, the conversion of 5b to 8b was quantitative.

Anal. Caled for C1gHy1CIN2Oy: C, 58.10; H, 3.36; Cl, 10.72; N, 8.47.
Found: C, 58.25; H, 3.36; Cl, 10.40; N, 8.25.

Interconversion of cis,trans-1-Chloro-1,3-dinitro-2,4-di-
phenylbutadiene. (8b) and trans,trans-1-Chloro-1,3-dinitro-
2,4-diphenylbutadiene (8¢). An ethanolic solution of 8b (1.0 g) was
heated for 24 h at 65 °C. After removal of the ethanol, erystallization
of the product gave unchanged 8b (0.5 g) which in turn was heated
for 24 h in ethanol. The mixture was concentrated and combined with
the previous filtrate. Fractional crystallization yielded 8b (0.37 g, 37%)
as clumps of spiraled yellow fibers, mp 132-133 °C, which were
manually separated from yellow prisms of 8¢ (0.13 g, 13%), mp
132-134 °C (mmp with 8hb, 105-120 °C), uv Apax (cyclohexane) () 227
nm (1.9 X 104), 309 (1.5 X 10%). The NMR spectra of 7c and 8¢ are
nearly indistinguishable.

Anal. Caled for C1gH11CIN2O4: N, 8.47. Found: N, 8.02.

After an ethanolic solution of 8¢ (0.10 g) had been heated for 24 h
at 65 °C, removal of ethanol and fractional crystallization of the
product from benzene—cyclohexane resulted in 8b (0.06 g, 60%) as
fibrous clumps, mp 120-128 °C, identified by its ir spectrum, and 8¢
(0.01 g, 10%), mp 131-134 °C, yellow prisms. In chloroform, the
isomerization of 6b to 6¢ required more drastic conditions (Table III).

Isomerization of 3-Chloro-1,trans-3-dinitro-2,cis-4-diphen-
vleyclobutene (5a) to 8b, 8¢, and Compound 8e. A solution of 5a
in chloroform, after 610 h at 56 °C, contained 22% 5a, 15% 8b, a trace
of 8¢, and 63% 8e. After more intensive heating (300 h at 80 °C fol-
lowed by 108 h at 100-105 °C), the mixture contained no 5a, 25% 8b,
9% 8c, 48% 8e, and 18% unidentified compound(s) with singlet NMR
signals at & 5.82 and 6.37 ppm. Although not isolated, 8e, which is
believed to be the chloro analogue of 7e, was identified and charac-
terized by NMR signals at 8 5.46 (singlet) and 7.2-7.6, 7.7-7.85 ppm
(multiplets). .

Kinetic and Equilibration Experiments. Isomerization reactions
were conducted in chloroform-d or other solvents in NMR sample
tubes. Constant-temperature baths were maintained at 56 °C. The
concentration of the reactants usually was 3-10%. Because some early
experiments were complicated by base-catalyzed interconversion of
3a and 3b, reaction mixtures were usually flushed with hydrogen
chloride. Later studies showed that, although the valence isomer-
izations of 3a and 3b were not affected by hydrogen chloride, hydrogen
chloride does catalyze the conversion of 6a to 6b and 6¢, and the
isomerization of 6b to 6c.

The compositions of reaction mixtures were determined by com-
parison of the intensities of the NMR signals of the nonaromatic
hydrogens. Figures 1 and 2 show representative spectra of reaction
mixtures formed by thermal isomerization of 6a and 3b, respectively.
Frequently faint signals (§ 7.06, 8.33 ppm) in the NMR spectra of
isomerization mixtures of 3b indicated that 6b was present in trace
amounts. That 3a and 3b isomerize by first-order processes was
demonstrated by the constancy of the calculated first-order rate
constants at different extents of reaction. For other compounds, for
which there was less kinetic data available, rate constants were cal-
culated by assuming that the isomerizations were first order.

Determination of the rates of valence isomerization of cyclobutenes
3a and 3b, the most intensively investigated of the present com-
pounds, was straightforward. Although temperature variation and
analytical difficulties cause minor uncertainties in their absolute
values, the rate constants for 3a and 8b are reproducible (£10-20%)
and are believed reliable.

The relative slowness of the ring opening of bromocyclobutene 4a,
the small proportion of diene 7a in the equilibrium mixture, and the
side reaction leading to 7e prevented direct measurement of the rate
of isomerization of 4a. The rate constant for valence isomerization
of 4a was therefore estimated from the rate constant for the cycliza-
tion of 7a and the proportions of 7a and 4a in the equilibrium mixture,
Analytical difficulties prevented precise determination of these values,
but meaningful estimates were ¢btainable.

Cyclization of diene 7a is accompanied by formation of dienes 7b
and 7e. Since 7b and 7¢ do not interconvert under the conditions
studied, they were assumed to be products of unimolecular isomer-
ization of 7a and the rate of cyclization was calculated from the rate
of disappearance of 7a and the proportion of 4a in the products. The
calculated rate constant for cyclization of 7a is not sensitive to the
assumptions regarding 7b and 7c or to the exact composition of the
equilibrium of 7a—4a. Various limiting assumptions gave k (cyclization
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of 7a) = 1.5 X 10~8 to 3 X 1076 s~ 1 with 2 X 107% s~! as a preferred
value.

The value of the rate constant for ring opening of 4a, as calculated
from the rate of cyclization of 7a, is sensitive to the proportion of 7a
present at equilibrium. Isolation experiments reveal that the pro-
portion of 7a in equilibrium with 4a is at least 1%, and NMR analyses
indicate that the equilibrium proportion of 4a is less than 10%, since
7a usually was not detectable in mixtures resulting from long heating
of 4a or-7a. However, upon heating a 30% solution of 4a for 340 h at
56 °C, diene 7a constituted ~4% of the mixture of 4a-7a. Thus, 4%
was taken as a preferred value for the equilibrium concentration of
7a, from which is calculated a preferred value for k (ring opening of
4a) of ~0.1 X 1076 g~1, Assuming that the proportion of 7a at equi-
librium lies within 1% and 10%, the limiting values for the rate con-
stant for valence isomerization of 4a are 0.015 X 10~€ and 0.33 X 1078
s7L

trans-8-Nitrostyrene (9a), trans-2-Nitro-1-phenylpropene
(10a), trans-g-Chloro-g-nitrostyrene (12a), and trans-8-
Bromeo-S-nitrostyrene (13a). Nitro derivatives 9a,¢ 10a,%5 12a,36
and 13a%® were prepared according to previous procedures. When
reaction of benzaldehyde and nitromethane catalyzed by sodium
hydroxide was conducted in CH30D-D50, addition of the nitronate
ion solution to hydrochloric acid (HCl) gave 9a, 70% deuterated at the
8 position.

trans-1-Nitro-2-phenylpropene (11a). Treatment of the reaction
product of a-methylstyrene and dinitrogen tetroxide with triethyl-
amine gave a product believed to consist largely of acetophenone. The
oil was extracted several times with hexane, and the hexane-immis-
cible portion was chromatographed using cyclohexane containing
increasing concentrations of benzene as eluent. Initial fractions
chromatographed censisted of a slightly impure single component
identified as 1la. Later fractions contained mixed nitromethyl-
styrenes. Chromatography followed by evaporative distillation gave

11a, a yellow liquid, n2%D 1.6014, which solidified {(mp 15-20 °C) when

stored at 5-10 °C.

Anal. Caled for CogHgNOg: N, 8.57. Found: N, 8.69.

cis-3-Nitrostyrene (9b), cis-2-Nitro-1-phenylpropene (10b),
cis-1-Nitro-2-phenylpropene (11b), cis-B-Chloro-B-nitrosty-
rene (12b), and cis-8-Bromo-S-nitrostyrene (13b). Experiments
on small scale showed that solutions of 9a, 10a (in cyclohexane), 11a
(in heptane), 12a, and 13a (in cyclohexane), when exposed in Pyrex
vessels (soft glass for 13a) to sunlight, gave within 20-40 h mixtures
containing ~63, 74, 80, 64, and 15%, respectively, of cis isomers 9b,
10b, 11b, 12b, and 13b. Further irradiation of 9a-12a did not alter the
proportions of the isomers, but continued irradiation soon destroyed
13a-13b. In preparative experiments cis isomers 9b, 10b, and 11b were
isolated chromatographically as the more slowly eluted isomers; 12b
and 13b were the more rapidly eluted isomers, however. Evaporative
distillation (40-60 °C, 1-5 Torr) yielded pure 9b, a yellow liquid, mp
~0 °C (hexane); pure 11b, a yellow liquid, n2°D 1.5690; and pure 12b,
a yellow liquid, mp 22-30 °C. Recrystallization of 10b from hexane
resulted in yellow needles, mp 43-44 °C. To obviate reversion of 13b
to its trans isomer (13a), the irradiated mixture was chromatographed
with cyclohexane on 100% silicic acid; removal of cyclohexane by
freeze drying gave 13b, yellow solid, mp 22-27 °C.

Anal. Caled for CgH7NO2: N, 98.40. Found for 9b: N, 9.40. Caled for
CoHgNOg: N, 8.57. Found for 10b: N, 8.42. Found for 11h: N, 8.68.

" Caled for CgHgCINOg: N, 7.64. Found for 12b: N, 7.63. Caled for
CsHgBrNOg: C, 42.13; H, 2.85; N, 6.14. Found for 13b: C, 42.09; H,
2.82; N, 6.09.

Isomerization of 11a to 3-Nitro-2-phenylpropene (11¢). Solu-
tions of 11a (0.8 g, 5 mmol) in methanol (50 ml) and sodium hydroxide
(0.4 g, 10 mmol) in water (20 ml) were mixed for 10 min at 0-10 °C and
then added to excess dilute acetic acid. Extraction with hexane,
concentration, and chromatographic separation gave a little 11a (not
isolated) and a slower moving major component whose chromato-
graphic properties resembled those of 11b. Evaporative distillation
of this major component gave faintly yellow 11¢ (0.4 g, 50%, n?°D
1.554), uncontaminated by lla or 11b, but containing ~10% un-
identified impurities. Isomer 11¢ constituted 84% of the nitrometh-
ylstyrenes in the crude hexane extract.

Isomerization of Cis Isomers 9b, 10b, 12b, and 13b to Their
Respective Trans Isomers, 9a, 10a, 12a, and 13a. A solution of 9b
(0.035 g) and a few crystals of iodine in benzene (30 ml) was left at 25
°C for 2 days and then concentrated and chromatographed to give 9a
(0.02 g), mp 56-57 °C, identified by its ir spectrum. A mixture of 22%
9a and 78% 9b in carbon tetrachloride containing iodine was stored
at 25 °C. Within 16 h, most of the 9b had isomerized to 9a; after 5
days, only 9a was detectable.

A mixture of 10b (10 mg) and iodine crystals in benzene (3 ml), after
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storage for 3 days, concentration, and chromatography, yielded 10a
(4 mg), mp 60-63 °C, undepressed mixture melting point with au-
thentic 10a. A solution of 24% 10a and 76% 10b in carbon tetrachloride
was divided into two parts which were treated with iodine and tri-
ethylamine, respectively. After 6 days at 25 °C, only 10a was in the
iodine containing solution; both 10a and 10b were in the solution
containing triethylamine but 10b was present in only small percent-
age.

A solution of 12b in carbon tetrachloride containing jodine did not
change composition in 2 days at 25 °C, changed only slightly after 3
days at 50 °C, but contained only 12a after 7 days at 70 °C. Treatment
of a cyclohexane solution of 12b with triethylamine caused some
isomerization within 5 min; after 1 h at 25 °C only 12a was present.

After 15 days in chloroform at 25 °C, bromonitrostyrene 13b was
40% isomerized to trans isomer 13a. Treatment of a mixture of 15%
13a and 85% 13b in chloroform with triethylamine caused complete
isomerization to 13a in 30 min.

Nonphotochemical Interconversions of 11a, 11b, and 11c. Re-
actions of 1la—e (0.05-0.1 g) in carbon tetrachloride (0.5 ml) were
conducted in NMR tubes. Treatment of 11a or 11¢ with triethylamine
(1-2 drops) gave within 30 min an equilibrated mixture containing
74% 11a and 26% 11e¢. Within 1 day equilibrium containing 73% 11a,
2% 11b, and 25% 11lc¢ was attained. The composition of the mixture
did not change in 12 days. Treatment of 11b with a small crystal of
iodine gave after 12 days a mixture containing 98% 11a and 2% 11b,
A mixture of 61% 11¢, 16% 11b, trace 1la, and ~23% unidentified
materials was treated with triethylamine (3 drops). Within 30 min,
equilibrium of 11a-c was established but the proportion of 11b was
only slightly diminished. The concentration of 11b became very small
(~2% of that of 11a) within 1 day; no significant changes occurred in
12 additional days.

Registry No.—3a, 38779-62-3; 3b, 38779-61-2; 4a, 38779-58-7; 4b,
38779-57-6; 5a, 38779-60-1; 5b, 38779-59-8; 6a, 58502-60-6; 6b,
58502-61-7; 6¢c, 58502-62-8; 7a, 58502-63-9; 7h, 58502-64-0; 7c,
58502-65-1; 8b, 58502-66-2; 8¢, 58502-67-3; 9a, 5153-67-3; 9b,
15241-23-3; 10a, 18315-84-9; 10b, 58321-79-2; 11a, 15241-24-4; 11b,
5670-65-5; 11c, 58502-68-4; 12a, 58502-69-5; 12b, 58502-70-8; 13a,
18315-81-6; 13b, 39674-40-3; a-methylstyrene, 98-83-9; dinitrogen
tetroxide, 10544-72-6.
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Carbenic Processes in Decomposition of Spiro{fluorene-9,3’-indazole].

A Simple Route to the Fluoradene System
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Spiro[fluorene-9,3’-indazole] (1), obtained along with 9-fluorenyl anthranilate (6) by aprotic diazotization of
anthranilic acid in the presence of 9-diazofluorene (3), thermolyzes to fluoradene (2}, 12,12-bifluoradene (8), and
9-phenylfluorene {9). Thermolysis and photolysis of 1 in solution are interpretable on the basis of formation of
triplet 2-(9-fluorenylidene)-3,5-cyclohexadienylidene (13), isomerization of 13 to 2, and hydrogen abstraction by
13 to yield the fluoradenyl (15) and the 9-phenylfluorenyl (16) radicals and their subsequent products. Irradiation
of 1 in 2-methyltetrahydrofuran at 77 °C gives intense ESR absorption for 13. Decomposition of 1 occurs photo-
lytically in N-phenylmaleimide with loss of nitrogen to form the adduct 20, CogH19NOs. In benzene 1 photolyzes
in the presence of oxygen to 2 and 8 along with 9,9-diphenylfluorene (23), 9-phenylfluorenyl peroxide (25), and bi-
phenyl (28). Photolysis of 1 in ethyl ether and exposure of the reaction mixture to oxygen results in near-quantita-

tive formation of 25.

Synthesis of 3-substituted 3H-indazoles and determina-
tion of the products and the mechanisms of their isomer-
ization and decomposition are being studied in this labora-
tory.12 We now describe the preparation and the thermoly-
sis and photolysis reactions of spiro[fluorene-9,3’-indazole]
(1). Decomposition of 1 is significant in that its intramolec-
ular and intermolecular reactions take place by triplet car-
benic processes. Thermolysis and photolysis of 1 are also of
value in that the interesting hydrocarbon, fluoradene (2), is
formed efficiently.

)
X CH
SRS

Spiroindazole 1 is prepared in 70-80% yields by cycload-
dition (eq 1) of 9-diazofluorene (3) to benzyne (4) as gener-
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