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(9) It has been suggested by a referee that eq 5 should be rewritten as

1HT + H0 = 1+ H;0t (5"
to explicitly take into account a water molecule acting as the base in the
solution. Analysis using eq 5 |gives Yan+ = Y1Yneo+ rather than J17H+7H20
and predicts that a plot of K" (as defined by eq 5) vs. log k%0 should be
linear. This plot is decidediy curved. We chose to use eq 5 rather than eq
5' since the exact state of solvation of the proton in these solutions is un-
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known and, furthermore, probably changes with solvent composition. Al-
though we have no proof that eq 5 represents the true situtation better than
eq 5, the agreement of our results with prediction is gratifying.
(10) H. P. Marshall and E. Grunwalid, J. Am. Chem. Soc., 76, 2000 (1954).
(11) L. G. Van Uitert and C. G. Haas, J. Am. Chem. Soc., 75, 451 (1853).
(12) L. G. Van Uitert and W. C. Fernelius, J. Am. Chem. Soc., 76, 5887
(1954).
(13) R. M. Pollack and R. H. Kayser, J. Am. Chem. Soc., 98, 4174 (1976).
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The behavior of a series of homo-2-methoxyazocines, benzohomo-2-methoxyazocines, and a dibenzo derivative
upon polarographic and alkali metal reduction has been studied. Several of the systems have been prepared by re-
action of azocinyl dianions with dichloromethane. However, these methylenations proved to be site specific, and
the remaining substrates were therefore synthesized by appropriate ring expansion of the structurally related ho-
motropone. The result of replacing a double bond by a cyclopropane ring is to cause a marked decrease in the facili-
ty of electrochemical reduction. All proved to be more difficult to reduce than the azocines from which they were
derived, although the AE{/; values varied as a function of the manner in which the imidate group was fixed in the
medium ring. Chemical reduction of 3,8-dimethyl-3,4-homo-2-methoxyazocine (10) ultimately gave the fused pyri-
dines 36a and 36b after protonation or methylation of the monocyclic anion 33. Cleavage of the internal cyclopro-
pane ¢ bond was also encountered with 16, 28, and 31; only in the latter example was subsequent disrotatory cycli-
zation again apparent. Reduction of benzohomoazocines 18 and 23 proceeded without cleavage of their three-mem-
bered rings. These apparently disparate observations have been reconciled by due consideration of the important
controlling influence of the nitrogen atom in negative charge stabilization and maintenance of imidate character.
The various mechanistic ramifications are described in detail.

The monohomocyclooctatetraene dianion (2) occupies
a unique position among homoaromatic ions2 in that it is the
sole doubly charged homoconjugate species known at the
present time.3 Available either from the two-electron reduc-
tion of cis-bicyclo[6.1.0]nonatriene (1)4-% or from the dime-
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tallation of cis3-1,3,6-cyc10nona‘crien& with n-butyllithium
in TMEDA,” 2 exhibits TH NMR features revealing its
adoption of the conformation shown, where each original
double bond is somewhat twisted to accommodate the ho-
moconjugate Cg carbon while maintaining cyclic delocaliza-
tion. Dianion 2 is more basic than the cyclooctatetraene di-
anion, being subject to ready protonation by ammonia at C,
or Cg with formation of the fully conjugated cyclononatrienyl
anion.® Methyl-substituted derivatives of 2 are less reactive
toward NHj, enabling their !H NMR spectra to be recorded
in NDj prior to deuteration by solvent.8

Previous reports from this laboratory have revealed that
substitution of a ring nitrogen atom for trigonal carbon in
cyclooctatetraene, leading to r-equivalent azocines such as
4,8 modifies chemical reactivity in an interesting way. Alkali
metal reduction of 42 and its homologues!® affords stable
planar 10r-electron dianions such as 5 in a fashion comparable
to the hydrocarbon system. However, electrochemical mea-
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surements indicate that direct two-electron transfer operates,
the multielectron addition phenomenon not being shared by
the related cyclooctatetraene.11:12 The azocinyl dianions are
entirely stable in the absence of air and do not undergo skel-
etal rearrangement upon prolonged standing at room tem-
perature. They capture electrophiles regioselectively,®13 the
apparent consequence of unique inductive and resonance
contributions, although steric effects can gain importance. The
particularly favorable balance between electron repulsion,
bond strain, and delocalization energy which prevails in 5 can
be modified by benzo fusion, the capability of the individual
benzologues to accept electrons varying with the extent and
position of aromatic annulation.10:14

In this paper, we address the question of whether the
properties conveyed by the imidate functionality to 5 might
also persist in homoaromatic dianion systems such as 6-8.
Additionally, we have sought to determine if perturbation of
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9C-107 Homoaromatic Dianions

6-8 by benzo fusion and the attendant decrease in electronic
delocalization within the potentially homoaromatic segment
would be revealed in a consistent and synthetically utilitarian
manner.

Synthetic Considerations. In an adaptation of method-
ology developed earlier by Katz,15 solutions of the readily
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available azocine 9 in liquid ammonia or anhydrous tetrahy-
drofuran were treated sequentially with potassium metal (2
equiv) and dichloromethane. The resulting homoazocines
proved to be quite sensitive to standard chromatography.
However, low-temperature (—40 to —60 °C) conditions slowed
decomposition sufficiently to permit the separation of 10 and
11. The 3,4-homoazocine 10 invariably proved to be the
dominant product; further, no 5,6-cyclopropano derivative
was detected. The individual structural assignments to 10 and
11 follow from their tH NMR spectral features which compare
closely with those of the corresponding dihydromethoxyazo-
cines.? For example, 10 exhibits a multiplet of area 1 at &
4.9-4.7 which is uniquely characteristic of the olefinic proton
H; due to its shielding by the 3-nitrogen atom. Additionally,
its methyl signals are centered at 6 1.96 and 1.11, necessitating
that C; be saturated. In contradistinction, the absorptions of
the three olefinic protons in 11 fall into a very narrow down-
field region (6 6.0-5.5), while those arising from the methyl
groups remain widely disparate (6 1.97 and 1.10).

Since benzocyclooctatetraene has been similarly cyclo-
propanated by methylenation of its dianion,!$ this approach
was expanded to include the known benzomethoxyazocines
12 and 17.19 Interestingly, 12 gave rise in good yield to a single
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homologated product identified as 16. The olefinic protons
of this imino ether appear as mutually coupled doublets (J =
9 Hz) at 6 6.70 and 5.93, chemical shifts closely comparable to
those responsible for H; and H; in 12, Consequently, the
transition state of the chloromethylation step leading to in-
termediate 15 is thermodynamically favored over that which
would produce 14. Since steric effects can be assessed as un-
important, it must be conceded that the azapentadienyl anion
moiety in 15 is appreciably stabilized relative to that in 14,
which must necessarily place greater electron density on the
carbons « to nitrogen.

Our finding that 17 is converted regiospecifically to 18 under
analogous conditions not only conforms to the behavior of the
parent hydrocarbon, but is compatible as well with the dem-
onstrated sensitivity of the initial alkylation to maximization
of charge delocalization.

Preparation of the remaining two benzohomoazocines re-
quired somewhat earlier introduction of the cyclopropane ring,
Thus, dimethylsulfoxonium methylide addition to 4,5-ben-
zotropone (19)!7 afforded 20,18 Beckmann rearrangement of
which led to an approximately equal mixture of 21 and 22. In
our hands, this mixture of lactams proved to be inseparable,
and therefore direct conversion to the imidates 16 and 23 was
performed routinely. The latter could be independently iso-
lated by preparative thin-layer chromatography on basic
alumina. As anticipated from our earlier spectral analysis, the
pair of olefinic protons in 23 appears as doublets (J = 12 Hz)
at 6 6.86 and 5.95.

Under those conditions which served to cyclopropanate 19
efficiently, 2,3-benzotropone (24)1° was converted to a mixture
of 25 and 26 in a 1.1:1.0 ratio. The locus of the three-membered
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ring in the monohomo product was established on the basis
of a europium shift study which showed the proton « to the
carbonyl that moved downfield most rapidly to be cyclopropyl
in nature. Pure 25 was obtained by high pressure liquid
chromatography and ring expanded via its oxime. Within the
limits of our analysis (NMR), phenyl migration occurred to
the exclusion of cyclopropyl migration to provide lactam 27,
the precursor to 28.

The conversion of dibenzohomotropone 2920 to its oxime
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required heating with hydroxylamine hydrochloride in pyri-
dine for 24 h. Ring expansion to 30 resulted upon subsequent
treatment with phosphorus pentachloride in ether. The de-
rived imidate 31 exhibits an eight-proton aromatic multiplet
at 6 7.3-6.6, a singlet methoxyl signal at 6 4.05, and multiplets
at 6 2.7-1.9 (2 H) and 1.7-0.7 (2 H) for the cyclopropyl hy-
drogens.

Electrochemical Studies. In our earlier investigation of
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the polarographic behavior of cis-bicyclo[6.1.0]nonatriene (1)
in anhydrous tetrahydrofuran containing 0.2 M tetra-n-bu-
tylammonium perchlorate,'8 two one-electron reduction waves
(—2.55 and —2.79 V vs. SCE) were observed at highly negative
potentials, the region being characteristic of medium-ring
conjugated trienes rather than cyclooctatetraenes. Both waves
were non-Nernstian, and cyclic voltammetry indicated the
absence of reoxidizable product.

While benzo fusion to the cyclooctatetraene framework
causes a shift in £/, to more negative values,'42! the polaro-
gram for 2,3-benzobicyclo[6.1.0]nona-2,4,6-triene exhibits a
single wave with a diffusion current constant appropriate for
a one-electron transfer at —2.34 V. The barrier to addition of
the first electron to the homocyclooctatetraene nucleus ap-
pears therefore to decrease with benzoannulation. Because
non-Nernstian behavior also prevails, this reversal in reduc-
ibility need not reflect relative thermodynamic stabilities of
the radical anions, and due caution must be exercised to avoid
overinterpretation.!6

Under the predescribed conditions, 3,8-dimethyl-2-

methoxyazocine experiences two-electron transfer in a single
wave at —2.28 V.11 In the case of 10, however, reduction oc-
curred only at very negative potentials, the onset of reduction
appearing at approximately —3.0 V, with the wave rising into
that marking the decomposition of the background electrolyte
(—3.2 V). Because the polarographic reduction wave did not
show a discernible inflection point, cyclic voltammetry was
not attempted. For homoazocine 11, the onset of reduction was
noted at somewhat less negative potential (—2.6 V); however,
a limiting current was again not observed prior to discharge
of the electrolyte.

With the fusion of a benzene ring to the 5,6 position of the
3,4-homoazocine nucleus as in 16, there is encountered a
well-defined reduction wave with an E;/; of —=3.01 V. The
diffusion current constant (/p) for this process was deter-
mined to be 8.22. In view of the I value for 9 of 7.55,11 a
two-electron uptake is once again indicated. The increase in
I'p may arise from the proximity of the reduction wave for 16
to that due to the background and is not considered signifi-
cant. Cyclic voltammetric studies demonstrated that 16 differs
intrinsicaily from 9 in the irreversibility of its conversion to
dianion. The causative factors underlying the chemical reac-
tivity of 16 will become apparent in the section dealing with
chemical reduction.

When the locus of benzo substitution is moved as in 23, the
reduction wave is appreciably shifted in the anodic direction
and appears with an E1,5 = —2.51 V. However, quantitative
coulometric measurements indicated the uptake of but one
electron at this potential. Further, cyclic voltammetry re-
vealed that no reoxidizable product was formed.

The obvious difference in electrochemical behavior of the
isomeric benzologues of 10 is evidenced also in 18 and 28.
While the polarogram of 18 is characterized by a well-defined,
though irreversible, reduction wave (1-2 electrons) with an
E ;= =273 V, that of 28 is ill-defined. As with either 10 or
11, the onset of reduction occurred at approximately —2.8 V,
the wave rising continuously into the electrolyte decomposi-
tion wave with no observable inflection point. The reducibility
of dibenzo derivative 31 compared closely with that of 18 (E 2
==3.00V,n =1-2).

A comparison of the electrochemistry of the homo-2-
methoxyazocines and their benzologues with that of the cor-
responding azocines discloses a reactivity pattern akin to that
exhibited by 1 and benzobicyclo[6.1.0]nonatriene relative to
the parent cyclooctatetraenes. Thus, the replacement of a
double bond in cyclooctatetraene by a cyclopropane ring
causes the E1,, values of the original two one-electron waves
to become more negative by 0.44 and 0.52 V. A similar trend
is apparent for the benzoannulated hydrocarbons. The dif-

Table I. Summary of Electrochemical Reduction Data for
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Various Homoazocines and Benzohomoazocines®

E1/2 (V VvSs.
compd registry no. SCE) Napp?
9 20205-53-2 —2.28 2
10 68000-94-2 -3.0-3.2
11 68000-95-3 —2.6-3.2
=
P 37908-51-3 ~2.11 1-2
=
OCH,
18 68000-96-4 -2.73 1-2
28 68000-97-5 -~2.8-3.2
I 37908-50-2 -2.13 1-2
=" 0CH,
16 68000-98-6 -3.01 ~2
23 68000-99-7 -2.51 1

2 Data taken on 0.1-1 mM polyene in THF solvent with 0.1 M
TBAP as background electrolyte. & n,pp is the apparent number
of electrons taken up, based upon 9 as a reference system.!1 Since
the polarographic waves for all but 9 were non-Nernstian, the
values of n,p, may be imprecise.

ferences in reduction potential for 9 and each of the two cy-
clopropanated derivatives 10 and 11 are 0.72-0.92 and
0.32-0.92 V, respectively. In like fashion, the four benzo-
homo-2-methoxyazocines have reduction potentials 0.38-0.88
V more negative than the related noncyclopropanated sys-
tems.

Significantly, the site of cyclopropanation relative to the
imino ether linkage within a particular series exerts a rela-
tively uniform effect upon the reduction potential. When the
cyclopropane ring is in the 3,4 position, the E 1, is reduced to
an appreciably greater extent than when the methylene bridge
is in the 7,8 position. A 5,6-cyclopropane ring appears to have
an intermediate effect. We interpret this to mean that the
imidate moiety enjoys a definite directional predilection in
its conjugative ability such that reducibility of the medium
ring is influenced greatly by the orientation of this heteroa-
tomic double bond relative to the cyclopropane ring. In brief,
the more extended the olefinic conjugation with the nitrogen
terminus, the less readily reducible will be the homoazocine
(Table I).

Chemical Reduction. The addition of 2 g-atom equiv of
potassium to homo-2-methoxyazocine 10 in liquid ammo-
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nia~-tetrahydrofuran (9:1) solution at =70 °C resulted in de-
velopment of a green coloration. Dropwise addition of meth-
anol, evaporation of ammonia, and workup, when uniformly
conducted at 0 °C and below, afforded in high yield a pale
yellow oil whose '"H NMR spectrum indicated that two
products were present in an approximate ratio of 1:1. During
overnight storage of the oil at 0 °C, quantitative conversion
to the pyridine 36a was observed. The structure of the labile
substance was established as 35a on the basis of its 1H NMR
spectrum (see Experimental Section), its ready ability to lose
methanol, and its reaction with N-phenyltriazolinedione to
give the unstable adduct 37.

The emergent 'H NMR pattern for pyridine 36a consists
of five groups of absorptions. The doublet (J = 7.5 Hz) signals
at 6 7.35 and 6.84 are readily assigned to Hy and Hj; the pair
of methyls appears at 6 2.53 (s) and 1.34 (d, J = 7 Hz); the five
methylene protons comprise a broad multiplet pattern in the
region 4 3.4-1.5.

These findings denote that the reduction of 10 proceeds
with rupture of the internal cyclopropane ¢ bond to give di-
anion 32. We have been singularly unable to gain direct
spectroscopic evidence for 32, perhaps because of its high
basicity. Consequently, no information is available concerning
its homoaromatic character (as drawn). Nor is it strictly pos-
sible to dismiss that alternative scheme wherein production
of monoanion 33 is the result of a stepwise two-electron re-
duction sequence mediated by protonation of the radical
anion, although precedence provided by hydrocarbon con-
geners would suggest that the latter is not the case.f Not-
withstanding, it is clear that protonation by NHj occurs re-
giospecifically at that basal carbon in 32 (or the radical anion)
which is more remote from the nitrogen atom.

To resolve the question concerning the ability of 33 to sur-
vive the reaction conditions, the greenish liquid ammonia
solutions were treated with methyl iodide after standing at
—70 °C for 40 min. The success of the trapping experiment
was made apparent when pyridine 36b was isolated quanti-
tatively. Implicated by these results is the timing of the dis-
rotatory closure of 34 to 35, which must occur during the iso-
lation procedure. Attempts to trap 34a prior to cyclization
using Ho/Pd~C were unsuccessful. Accordingly, it would ap-
pear that 34 is somewhat less thermally stable than cis4-
1,3,5,7-cyclononatetraene.??

Potassium in liquid NH3;-THF (9:1) at =70 °C was similarly
effective in transforming 16 to monoanion 39, whose proton-
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ation delivered 40. On the basis of its 'H NMR spectrum,
which displays, inter alia, a pair of mutually coupled olefinic
protons (J = 8 Hz) at 6 6.80 and 6.10 unmistakably due to Hg
and Hy, a methoxyl singlet at 6 3.27, and three equivalently
weighted (2 H) multiplets arising from benzylic, allylic, and
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nonconjugated methylene groups, the lone product can be
defined as the indicated benzodihydromethoxyazonine. Thus,
fusion of a benzene ring to positions 5 and 6 of 10 does not alter
that course of reductive cyclopropane ring cleavage adopted
by the parent homoazocine.

In 28, the aromatic ring is now located such that the original
C and Cg centers in 10 have become benzenoid carbon atoms.
When this imino ether was comparably reduced, the cyclo-
propane ring was again cleaved to afford the dihydroazonine
43 exclusively. The key features of its 'H NMR spectrum

z
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consist of a multiplet of area 2 at § 6.0-5.2 assignable to the
olefinic protons, a methoxyl singlet at  3.77, and three upfield
two-proton multiplets at § 3.5-3.0, 2.4-2.0, and 2.0-1.6. The
ultraviolet spectrum of 43 confirmed that the carbon-carbon
double bond was not conjugated to produce a styrene chro-
mophore (see Experimental Section). The formation of 43 can
be mechanistically rationalized in terms of initial formation
of the very basic dianion 41 (perhaps homoaromatic), which
is kinetically protonated by ammonia at the benzylic position
to give the more stable imidate anion 42. The protonation of
42 by methanol ultimately provides 43 with preservation of
the imidate functional group.

The striking feature of the above three experiments is the
commonality of the mechanism which operates. The added
benzene ring in 16 and 28 does not deter formation of what
may well be homoazociny! dianion intermediates, although
the regioselectivity of the subsequent protonation step is al-
tered in predictable fashion. Collapse of 40 to a [4.3.0]bicyclic
ring system (compare 34) is also expectedly impeded by the
pendant aromatic substitution.

The focus of our interest was next directed to the isomeric
homoazocine 11 and its congeners. Puzzlingly, liquid ammonia
solutions of 11 required approximately 4 g-atom equiv of po-
tassium to maintain a permanent blue color. In all of the other
cases examined, only a slight excess over 2 equiv was necessary
to achieve such an end point. Quenching of the resultant
species with methanol or methyl iodide afforded multicom-
ponent mixtures which were not characterized. In experiments
where only 2 g-atom equiv of potassium was introduced, ap-
proximately 50% of 11 was recovered unchanged. Accordingly,
the reducibility of this substance is unexpectedly anoma-
lous.

For benzologue 23, two-electron reduction as above at —70
°C proceeded normally. Addition of methanol after 1 h led to
the isolation of dihydro derivative 46. The intact nature of the
original carbon framework was evident on the basis of the 'H
NMR spectrum, which showed a four-proton cyclopropyl
multiplet in addition to absorptions arising from the four
methylene hydrogens. This outcome can be rationalized in
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OCH3z

44 45

terms of the initial formation of dianion or radical anion 44,
the basicity of which induces protonation by ammonia at the
benzylic carbon with ultimate formation of anion 45.
Quenching by methanol then delivers 46.
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Upon submission of 18 to reduction, essentiaily pure di-
hydro product 49 was obtained. Thus, it became clear that the
availability of a double bond conjugated to the methoxyl
carbon of the imino ether group promotes simple reduction
of the neighboring = system. Although this behavior contrasts
directly with that exhibited by simple azocines such as 4 and
9 and also by 10, 16, and 28, there is a consistency to the re-
activity pattern. Further penetration of this question is de-
ferred to the Discussion.

As anticipated, the dibenzohomoazocine 31 is rather less
reactive than the monobenzo derivatives. When its reduction
was conducted in ammonia—tetrahydrofuran (9:1) at =70 °C
as previously described, an intense green solution arose which
when quenched with methanol gave amine 50 in 50% isolated
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yield. An independent synthesis of 50 was realized by hydride
reduction of lactam 30.

Alternatively, when a solution of 31 in anhydrous tetrahy-
drofuran was stirred at room temperature with excess potas-
sium metal, a deep purple suspension developed. Removal of
the unreacted metal and addition of water afforded a product
in 50% yield which was identified as the known23 11H-ben-
zo[a]carbazole (53). The conversion to 53 provides further
indication of cyclopropane ring cleavage, the evolution of di-
anion 51 (or its nonhomoaromatic equivalent) subsequently
giving rise to 52. In this instance, disrotatory closure does not
result in temporary disruption of benzenoid resonance and
is not impeded. Loss of methanol from and air oxidation of 52
complete the construction of the benzocarbazole nucleus.

Discussion

The replacement of a double bond by a cyclopropane ring
within an azocine or benzoazocine is seen to cause a marked
decrease in the ease of polarographic reduction. In fact, the
magnitudes of the AE/, values are considerably larger than
those found for the related hydrocarbon pairs.!® Any enhanced
homoaromatic stabilization on the part of the imidate unit
would be expected to generate the opposite effect. Thus, it
would appear from such an evaluation of electrochemical re-
duction potentials that the latent homoaromaticity of 9C-107
dianions has not been enhanced by heteroatomic substitu-
tion.

The available evidence does indicate that the cyclopropane
ring within the various homoazocinyl derivatives should be
viewed as a disruptor of conjugation about the eight-mem-
bered ring. In addition, the imino ether linkage is entirely
capable of systematically functioning either as an electron-rich
olefin or as an electron-withdrawing substituent, depending
upon its bonding orientation within the cyclic framework. The
heterocycles 11, 18, and 23, for example, share the common
part structure A, which can play a role comparable to that of
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a carboxylate ester and reduce neighboring electron density
by electron withdrawal. Consequently, the electrochemical
reductions of these homoazocines occur more readily than do
those for 10 and 16, which are structured as in B and where the
primary effect is now impedance to electron uptake by the
methoxyl group (see Table I). Benzohomoazocine 28 exhibits
effects which are attenuated by the interposed benzene
ring.

Additional imidate controlling influences are made clear
upon close scrutiny of the chemical reduction results. We24
and others2® have recently established that only when 1 adopts
the folded conformation given by C is orbital overlap of the

internal cyclopropane bond with the adjacent = bonds at a
maximum. Since the initial site of reduction of 10 is clearly the
azatriene segment and cyclopropane ring cleavage does ensue,
the utilization by 10 of conformation D appears as a plausible
assumption. No evidence is available to distinguish between
direct two-electron reduction followed by protonation or a
stepwise process mediated by proton transfer from ammonia,
although the first mechanism is more plausible. Despite our
ignorance of this question, it is certain that only C4 has become
protonated within detectable limits to give monoanion 33.
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Not yet widely understood is the degree of control that
electron density can exert upon the reactivity of cyclic delo-
calized carbanions. In certain hydrocarbon systems, there is
seen to prevail a general parallelism between negative charge
density and reactivity,?26:27 although exceptions to such re-
gioselectivity are known.28 In the present study, the regio-
specificity encountered in the formation of 33 appears to be
fully dictated by the nitrogen atom. Thus, protonation of the
more remote basal carbon (C4) uniquely provides the oppor-
tunity for nitrogen to carry a large proportionate share of the
negative charge (see resonance contributor E). If the more

= ~
— N N
CHy OCHgy CHz OCHy
E F

proximate basal carbon (C;) was protonated, the involvement
of the nitrogen atom in resonance stabilization would be
greatly diminished and unfavorable charge buildup at the
methoxyl-bearing carbon (see F) would develop.

The second protonation is necessarily relegated to the latter
carbon if the imino ether functionality is to be maintained in
an intact form and the product is to take full advantage of
imidate resonance energy.??

The extrapolation of these two effects provides a consistent
explanation for the seemingly widely disparate reduction
pathways of the several benzohomoazocines and the regiose-
lectivity of benzoazocinyl dianion methylenations.

As a consequence of the particular structural features of 16
and 28, cleavage of their cyclopropane rings during electron
uptake is necessary for the generation of a carbanionic part
structure wherein the nitrogen does not reside at a nodal site
{see 39 and 42). In contrast, rupture of the three-membered
ring is not required to attain a comparable state of affairs
during the reduction of 23 and 18 (see 45 and 48) and the cy-
clopropyl substituent therefore remains intact. Attention is
also called specifically to the control exerted during the pro-
tonation of 44 and 47 in order to maintain stabilized imidate
anion character.?”

That the chloromethylation of dianion 13 proceeds to give
15 rather than 14 can be comparably explained. The conver-
sion of 17 to 18 is mechanistically analogous.

In summary, we conclude that the presence of an imino
ether does not enhance the homoaromaticity of 9C-10x di-
anions. However, the chemistry of the intervening reactive
intermediates is seen to be heavily dominated by the nitrogen
atom. Elucidation of this feature should now provide for wider
use of imidate anions in the synthesis of new heterocyclic
systems and, more specifically, of alkaloids.

Experimental Section

Infrared spectra were recorded on a Perkin-Elmer Model 467
spectrophotometer. The “H NMR spectra were determined with
Varian T-60, Varian A-60A, and Bruker HX-90 instruments, and
apparent splittings are given in all cases. Mass spectra were measured
on an AEI-MS9 spectrometer at an ionizing energy of 70 eV, Pre-
parative scale VPC separations were performed on a Varian Aero-
graph Model A-90-P3 instrument equipped with thermal conductivity
detectors. Microanalytical determinations were performed at the
Scandinavian Microanalytical Laboratory, Herlev, Denmark. Due
to their sensitivity, all imidates prepared in this study were charac-
terized only by NMR and mass spectroscopy.

3,8-Dimethyl-3,4-homo-2-methoxyazocine (10) and 3,8-Di-
methyl-7,8-homo-2-methoxyazocine (11). A, To a rapidly stirred
solution of potassium (1.4 g, 36 mg-atom) in approximately 75 mL of
dry ammonia {distilled frorm sodium) at =78 °C was added a solution
of 9 (2.5 g, 15.4 mmol) in 5 mL of dry tetrahydrofuran over a period
of approximately 2 min. The mixture was stirred for an additional
hour, and then 6 mL of dry dichloromethane in 10 mL of dry ether was
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added dropwise. The dark color of the solution was rapidly discharged.
The ammonia was allowed to evaporate, and the residual oil was
partitioned between 100 mL of ether and 100 mL of water. The or-
ganic phase was washed with brine (50 mL) and dried. The solvent
was evaporated to leave a dark red oil which was dissolved in ether
and rapidly filtered through 5 g of basic alumina (Activity ITI) to re-
move any polymer. After evaporation of the solvent, chromatography
of 1 g of the resulting oil at low temperatures (—40 to —60 °C) (elution
with purified pentane and increasing amounts of ether) gave highly
variable yields of the two homoazocines. Fractions containing pure
10 usually amounted to approximately 100 mg, whereas those con-
taining pure 11 usually weighed about 40 mg (9 and 4% of the aliquot,
respectively).

B. A piece of freshly cut potassium (0.59 g, 12.8 mg-atom) was
stirred magnetically in 50 mL of dry tetrahydrofuran contained in a
100-mL three-neck flask equipped with a stopcock on the bottom (a
piece of glass wool was inserted into the tube leading to the stopcock
to filter out any remaining potassium). To the mixture was added 1.0
g (6.1 mmol) of 98in 2 mL of dry tetrahydrofuran. The mixture was
allowed to stir under a nitrogen atmosphere overnight, during which
time most of the potassium was consumed and the solution took on
a dark red-brown coloration. This solution was filtered through the
glass wool into a cooled (=78 °C) solution containing 5 mL of dry di-
chloromethane in 25 mL of tetrahydrofuran. The solution was stirred
at =78 °C for 1 h, followed by warming to room temperature. Workup
of the reaction mixture as before gave a mixture of 10 and 11, Use of
liquid ammonia as the solvent gave a 10/11 ratio of 3:1, whereas tet-
rahydrofuran solvent provided a 3:2 ratio in the crude reaction mix-
tures. There was no significant change in the isolated yield of 11.

For 10: '"H NMR (CCly) 6 5.8-5.3 (m, 2 H), 4.9-4.7 (m, 1 H), 3.53
(s,3H), 1.96 (brs, 3 H), 1.11 (s, 3 H), and 1.4-0.4 (m, 3 H); vpax (neat)
3010, 2950, 1670, 1640, 1450, 1380, 1250, 1210, and 1160 cm™!,

For 11: 'H NMR (CCly) 6 6.0-5.5 (m, 3 H), 5.53 (s, 3 H), 1.97 (br s,
3 H), 1.10 (s, 3 H), and 1.5-0.2 {m, 3 H); rmax (neat) 2950, 1655, 1435,
1350, 1230, and 1135 cm™1.

5,6-Benzo-3,4-homo-2-methoxyazocine (16). Ammonia (125 mL)
was distilled from sodium into a flask equipped with a gas inlet tube,
a mechanical stirrer (with a glass paddle), and a dry ice condenser and
containing a solution of 1.248 g (6.73 mmol) of 129 in 14 mL of dry
tetrahydrofuran. To the stirred refluxing slurry was added potassium
in small pieces until a persistent dark blue color (as opposed to the
bright red hue of the dianion) was attained; 0.653 g (16.7 mg-atom)
of potassium was required. After an additional 2 h at the reflux tem-
perature, 8 mL of dry dichloromethane in approximately 40 mL of
dry tetrahydrofuran was introduced by syringe. The reaction mixture
was allowed to stir for 2 h, after which time the ammonia was allowed
to evaporate. The solution was then poured into a mixture of 250 mL
of ether and 500 mL of ice water. The layers were separated after
shaking, and the aqueous layer was extracted with ether (2 X 250 mL).
The combined organic phases were washed with water {250 mL.),
dried, and freed of solvent. The residual oil was triturated with pen-
tane, and the resulting solid was sublimed (50 °C at 0.05 mm) to give
0.775 g (58% yield) of 16 as a colorless crystalline solid: mp 72-73 °C;
"H NMR (CCly) 6 7.25-6.86 (m, 4 H), 6.54 (d..J = 9Hz, 1 H), 5.77 (d,
J =9 Hz, 1 H),3.37 (s, 3 H), 2.28-2.00 (m, I H}, 1.79-1.50 {m, 1 H),
and 1.17-0.84 {m, 2 H): Apay (is0octane) 258 nm (¢ 76301, m/e caled
199.0997, found 199.0999.

7,8-Benzo-5,6-homo-2-methoxyazocine (18). To a flask con-
taining approximately 300 mL of ammonia (distilled from sodium)
was added 3.29 g (17.8 mmol) of 1719 in about 3 mL of dry tetrahy-
drofuran. To the mechanically stirred solution was added potassium
in small pieces until a blue solution was maintained for 1 h (slight
excess of over 2 equiv). To the blue solution was added 14 g of di-
chloromethane in 50 mL of dry tetrahvdrofuran. This solution was
allowed to stir for 1 h, and the ammonia was allowed to evaporate. The
cold mixture was poured into a separatory funnel containing 200 mL
of ether and 200 mL of water. After shaking, the layers were separated
and the organic phase was washed with an additional 100 mL of water.
The organic phase was dried, and the solvent was evaporated. The
residue was molecularly distilled (40 °C at 107 mm) to give 18 as a
pale green oil: 0.50 g (14%); 'H NMR (CCly)} 6 7.4-6.6 (m, 4 H), 5.85-5.7
(m, 2 H), 3.88 (s, 3 H), 2.2-1.5 (m, 2 H), and 1.3-0.4 (m, 2 H); vnax
(neat) 1660 and 1235 e~} Ayay (isooctane) 285 sh nm (¢ 1570); m/e
caled 199.0997, found 199.1001.

4,5-Benzo-2,3-homotropone (20). A 57% mineral oil dispersion
of sodium hydride (298 mg, 7.06 mmol) was washed with pentane
under a nitrogen atmosphere in a 15-ml. two-neck flask. To the oil-
free hydride was added 1.479 g (6.72 mmol) of trimethylsulfoxonium
iodide and anhydrous dimethyl sulfoxide (3.4 ml.). After cessation
of hydrogen evolution, dry tetrahydrofuran (2.2 mL) was added. To
the resulting ice-cooled solution was added a solution of 1917 (1.00 g,
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6.40 mmol) in a mixture of dimethyl sulfoxide (1 mL) and tetrahy-
drofuran (0.5 mL), and the reaction mixture was stirred at room
temperature overnight. The mixture was poured into ether, and the
solution was washed with water. The layers were separated, and the
organic phase was dried. Evaporation of the solvent left a residue
which was taken up in pentane and washed with water to remove the
remaining MeySO. Chromatography on 30 g of silica gel {elution with
50% ether—pentane) followed by sublimation afforded 0.453 g (42%)
of 20 as a white crystalline solid: mp 76-79 °C (lit.}8 mp 79-81 °C);
IH NMR (CDCl3) 6 7.5-7.1 (m, 4 H), 6.79 (d, J = 13 Hz, 1 H), 5.94 (d,
J =13 Hz, 1 H), 2.75-2.4 (m, 2 H), and 2.1-1.5 (m, 2 H).

4,5-Benzo-2,3-homotropone Oxime. To a solution of 0.58 g of
hydroxylamine hydrochloride in 12.2 mL of ethanol and 9.1 mL of
pyridine was added 0.453 g (2.66 mmol) of 20. The solution was re-
fluxed for 3 h, the solvent was evaporated, and the residue was crys-
tallized from pentane-ether to give 0.396 g (83%) of oxime as a white
crystalline solid: mp 135-145 °C; "H NMR (CDCly) 4 7.5-7.0 (m, 4 H),
6.81(d,/ = 13Hz, 1 H),5.96(d,J/ = 13 Hz,1 H), 2.8-2.3 {m, 2 H), and
2.2-1.4 (m, 2 H).

5,6-Benzo-7,8-homoazocin-2(1 H)-one (22) and 5,6-Benzo-
3,4-homoazocin-2(1 H)-one (21). To 0.398 g (2.15 mmol) of 4,5-
benzo-2,3-homotropone oxime dissolved in 11.1 mL of pyridine
(ecooled in an ice bath) was added a solution of 0.607 g (3.18 mmol) of
p-toluenesulfonyl chloride in 4.7 mL of pyridine. This mixture was
stirred at 0 °C for 1 h and placed in a freezer for 2 days. The pyridine
was removed in vacuo, and the resulting residue was taken up in
methylene chloride and washed with 1 M potassium bicarbonate so-
lution and water. The organic phase was dried and evaporated. The
residue was dissolved in a mixture of 24.4 mL of dioxane, 20.3 mL of
water, and 0.35 g of 2,6-lutidine, and this solution was heated at the
reflux temperature for 20 h. After evaporation of the solvent in vacuo,
the residue was dissolved in methylene chloride and washed with 1
M sodium bicarbonate solution and water. The organic phase was
dried, and the solvent was evaporated to leave a solid which, upon
recrystallization from ether, amounted to 150 mg (37%) of product
containing both 21 and 22 in a ratio of approximately 1.1 by 'TH NMR
(acetone-dg): 6 7.4-6.9 (m, aromatic H), 6.72 (d, J = 12 Hz), 6.40 (d,
J = 8Hz),6.16 (d.J = 8Hz), 592 (d, 4 = 12 Hz), 2.9-2.6 (m), 2.5-1.5
(m), and 1.4-0.7 (m).

5,6-Benzo-7,8-homo-2-methoxyazocine (23). A mixture of 121
mg (0.82 mmol) of trimethyloxonium tetrafluoroborate and 99.6 mg
(0.54 mmol) of the mixture of lactams 21 and 22 in 10 mL of dichlo-
romethane was stirred overnight under a nitrogen atmosphere. The
mixture was poured into 10 mL of an aqueous bicarbonate solution
and shaken vigorously. The layers were separated, and the organic
phase was washed with water (10 mL), dried, and freed of solvent.
Preparative thin-layer chromatography (basic alumina/benzene) of
the crude reaction mixture gave 20 mg (19%) of 16 and 15 mg (14%)
of 23: TH NMR (CDCl;) 4 7.5-7.0 (m, 4 H), 6.86 (d,/ = 12 Hz, 1l H),
5.95(dd,J = 12and 0.5 Hz, 1 H), 3.53 (s, 3 H), 3.1-2.8 (m, 1 H), 2.2-1.9
(m, 1 H), 1.45-1.05 (m, 1 H), and 0.9-0.65 (m, 1 H); #uax (CCly) 1660,
1227, and 908 cm™!; Aqax (isooctane) 241 nm (¢ 5480); m/e caled
199.0997, found 199.0999.

6,7-Benzo-2,3-homotropone (25) and anti-6,7-Benzo-2,3:4,5-
bishomotropone (26). Sodium hydride (0.313 g of a 50% mineral oil
dispersion, 6.5 mmol) was washed with pentane under nitrogen. To
the clean, dry sodium hydride was added 1.409 g (6.40 mmol) of dry
finely powdered trimethylsulfoxonium iodide. Dimethyl sulfoxide
(2 mL) was added dropwise to the mixture of powders, followed by
1 mL of dry tetrahydrofuran. After hydrogen evolution ceased, the
slurry was cooled in an ice bath. To the slurry was added 1.00 g (6.40
mmol) of 2419 in a solution of 1 mL of MeySO and 0.5 mL of THF. The
mixture, which turned dark almost immediately, was stirred at room
temperature for 3 h prior to addition to a separatory funnel containing
50 mL of water and 50 mL of ether. The ether layer was washed with
water (3 X 50 mL) and then dried. Chromatography (LC; silica gel,
ether-hexane) afforded 25 in 18% yield and 26 in 16% yield as oils.
Each could be purified by preparative VPC on a 5 ft X 0.25 in. SE-30
column at 170 °C. Identification of the stereochemistry of 26 was made
by a comparison of its 'TH NMR characteristics with those of syn- and
anti-2,3:4,5-hishomotropone.’!

For 25: TH NMR (CDCly) 6 7.74-7.60 (m, 1 H), 7.54-7.10 (m, 3 H),
6.38-6.24 (m, 2 H), 2.80-2.60 (m, 1 H), 2.30-1.80 (m, 1 H), and
1.86-1.36 (m, 2 H); vmax (neat) 1655, 1593, 1555, 1294, 944, 796, and
777 cm~ Y m/e caled 170.0732, found 170.0736.

Anal. Caled for C>HxO: €, 84.68; H, 5.92. Found: C, 84.49; H,
6.08.

For 26: tH NMR (CDCly) 6 7.54-7.04 (m, 4 H), 2.36-1.14 (m, 7 H),
and 0.84-0.60 (m, 1 H); vmax (neat) 1657, 1353, 1297, 989, and 766
cem™h m/e caled 184.0888, found 184.0891.

Paquette et al.

Anal. Caled for Cy3H20: C, 84.75; H, 6.57. Found: C, 85.00; H,
6.76.

7,8-Benzo-3,4-homoazocin-2(1 H)-one (27). A solution of 1.33
g (78.1 mmol) of 25, 1.09 g (15.6 mmol) of hydroxylamine hydrochlo-
ride in 123 mL of ethanol, and 93 mL of pyridine was refluxed for 3
h. The solvent was removed in vacuo, and the residue was crystallized
from methanol-water. After drying, the colorless oxime weighed 0.80
g (55%), mp 157-160 °C. A 750-mg (4.05-mmol) sample of this solid
was dissolved in 25 mL of dichloromethane and cooled to 0 °C. To the
cooled reaction mixture was added dropwise a solution of 1.16 g (6.07
mmol) of p-toluenesulfony! chloride and 0.48 g (6.07 mmol) of pyri-
dine in 15 mL of methylene chloride. After stirring for 1 hat 0 °C, the
solution was placed in a freezer overnight. The mixture was poured
into water (50 mL), and the organic phase was washed with 25-mL
portions of 1 M hydrochloric acid, saturated sodium bicarbonate so-
lution, and brine. The organic phase was evaporated to leave a residue
which was dissolved in a mixture of 15 mL of water and 25 mL of ac-
etone and heated to the reflux temperature. The pH was maintained
near 7 by the addition of solid sodium bicarbonate. The reaction
mixture was refluxed for 3 h prior to evaporation of solvent, which left
an aqueous slurry. This slurry was extracted with 50 mL of methylene
chloride, and the organic phase was washed with saturated sodium
bicarbonate solution (25 mL). After drying, the organic phase was
evaporated to afford 0.45 g of 27 as a crystalline solid: mp 184.5-185
°C {from methylene chloride-ether); '"H NMR (CDCl;) 6 8.25 (m, 1
H), 7.35-7.0 (m, 4 H), 6.59 (dd, J = 10 and 2 Hz, 1 H), 5.96 (dd, J =
10and 2 Hz, 1 H), 1.9-1.2 (m, 2 H), and 1.15-0.6 (m. 2 H); 14y (neat)
1673 ecm™); m/e caled 185.0840, found 185.0843.

Anal. Caled for C;oH1NO: C, 77.81; H, 5.99: N, 7.56. Found: C,
77.65; H, 6.00; N. 7.48.

7,8-Benzo-3,4-homo-2-methoxyazocine (28). To a solution of
450 mg (2.43 mmol) of 27 in 5 mL of dichloromethane was added 720
mg (4.86 mmol) of trimethyloxonium tetrafluoroborate. The resulting
slurry was allowed to stir overnight at room temperature under a dry
nitrogen atmosphere. The mixture was poured into a solution con-
taining 720 mg of sodium bicarbonate in approximately 10 mL of
water contained in a separatory funnel and shaken thoroughly. The
layers were separated, and the aqueous phase was washed with an
additional 5 mL of dichloromethane. The combined organic phases
were washed with 10 mL of brine, dried, and freed of solvent. The
residue was chromatographed (silica gel, 20% ether-hexane) to give
280 mg (62%) of 28 as an oil which was molecularly distilled at 50 °C
and 0.05 mm: 'H NMR (CDCly) § 7.3-6.8 (m, 4 H), 8.51 (dd. J = 10.6
and 2.1 Hz, 1 H), 5.87 (dd, 4 = 10.6 and 1.3 Hz, 1 H), 3.75 (s, 3 H),
1.7-1.35 (m, 2 H), and 1.0-0.65 (m, 2 H): rax {neat) 1666 cn™'; Amax
(isooctane) 243 sh nm (¢ 5450) and 284 sh (1590); m/e caled 199.0997,
found 199.0999.

2,3:5,6-Dibenzo[5.1.0]bicycloocta-2,5-dien-4-one Oxime. A
solution of ketone 292 (100 mg, 0.45 mmol) and hyvdroxylamine hy-
drochloride (100 mg, 1.4 mmol) in 15 mL of pyridine was refluxed for
24 h under nitrogen. The pyridine was removed in vacuo. The residue
was taken up in ether and washed with dilute hydrochloric acid, sat-
urated sodium bicarbonate solution, and water prior to drying. Con-
centration yielded 100 mg of crude product. Recrystallization from
benzene-pentane yielded 90 mg (85%) of oxime: mp 190--194 °C; 'H
NMR (MesSO0-dg) 69.0 (brs, 1 H), 7.6 (s, 8 H), 3.0-1.9 (m, 3 H}, and
0.9-0.7 (m, 1 H); rpax (CHCLy) 3300, 2925, 1610, and 1500 ecm~ 1,

Anal. Caled for C;6H3NO: C, 81.68; H. 5.57: N, 5.95. Found: C,
81.66; H, 5.66: N, 5.81.

11,12-Homodibenz[ b,flazocin-6(5 H)-one (30). A solution of the
preceding oxime (400 mg, 1.7 mmol) in ether (120 mL) was treated
with phosphorus pentachloride (732 mg, 3.52 mmol) and stirred for
15 h at room temperature under nitrogen. Water (120 ml.) was slowly
added, and the aqueous laver was extracted with ether. The combined
organic extracts were washed with saturated sodium bicarbonate
solution (2 X 75 mL), water (2 X 75 mL), and brine (75 mL) prior to
drying and solvent evaporation. The residue was heated to reflux in
water and acetone for 1 h, and the cooled suspension was filtered to
yield 300 mg (75%) of 30: mp 257-258 °C (from acetone—hexane); 'H
NMR (CDCly) 6 8.9-8.1 (brs, 1 H, >N-H), 7.5-7.0 (m, 8 H), 2.8-2.1
(m, 2 H), and 1.7-0.9 (m, 2 H); rpma (CHCI) 3300, 1660, 1620, 1500,
and 1260 cm~!.

Anal. Caled for Ci6H3NO: C, 81.68; H, 5.57; N, 5.95. Found: C,

81.99; H, 5.68; N, 5.85.

11,12-Homo-6-methoxydibenz{ b,flazocine (31). A solution of
lactam 30 (900 mg, 3.8 mmol) and trimethyloxonium tetrafluoroborate
(900 mg, 6.06 mmol) in dry methylene chloride (20 mL) was stirred
under nitrogen at room temperature for 20 h. This solution was
treated with 1.0 g of sodium bicarhonate dissolved in 25 mL of water.
The aqueous layer was separated and extracted with methvlene
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chloride. The combined organic layers were washed with water, dried,
and concentrated. Chromatography on silica gel (elution with 25%
benzene in pentane) yielded 820 mg (87%) of 31, while ether elution
returned 50 mg (5%) of 30. The homomethoxyazocine was recrystal-
lized from ether-hexane and isolated as a colorless solid: mp 94-95
°C; 'TH NMR (CDCly) 6 7.3-6.6 (m, 8 H), 4.05 (s, 3 H), 2.7-1.9 (m, 2
H), and 1.7-0.7 (m, 2 H); rpax (CHCl3) 1680 and 1290 cm™1.

Anal. Caled for Ci7H1:NO: C, 81.90; H, 6.06; N, 5.62. Found: C,
81.80; H, 6.10; N, 5.57.

Reduction-Protonation of 10, A solution of 10 (200 mg, 1.13
mmol) in dry tetrahydrofuran (5 mL) was added to anhydrous liquid
ammonia (60 mL) cooled to —70 °C. With magnetic stirring, potas-
sium (90 mg, 2.3 mg-atom) was added in small pieces to give a
green-blue solution. After being stirred for 30 min, the reaction
mixture was treated dropwise with methanol and the ammonia was
allowed to evaporate. The residue was dissolved in cold (0 °C) ether
(15 mL), washed with cold saturated brine, dried, and carefully
evaporated without heating. There remained 196 mg of a pale yellow
oil; *H NMR analysis indicated that two products were present in a
ratio of 1:1. Upon standing overnight at 0 °C, the conversion to 36a
was complete. Purification of the pyridine was accomplished by
preparative VPC.

For 36a: 'H NMR (CDCl3) 6 7.35(d,J = 7.5 Hz, 1 H), 6.84 (d, J =
7.5 Hz, 1 H), 2.53 (s, 3 H), 3.4-1.3 (m, 5 H),and 1.34 (d,J = 7 Hz, 3 H);
vmax (neat) 2940, 2860, 1590, 1450, 1380, 1235, 1110, and 815 cm™1; m/e
caled 147.1048, found 147.1049.

Anal. Caled for CoHsN: C, 81.58; H, 8.90. Found: C, 81.46; H,
8.93.

For 35a: 'TH NMR (CDCl;, obtained by subtraction of the spectrum
of 36a) 66.38 (dd,/ = 9.5and 3.5 Hz, 1 H), 5.82 (dd,J = 9.5 and 2 Hz,
1H),3.14(s,3H), 2.1 (s,2H), 1.07 (d, J = 6 Hz, 3 H), and 3.4-1 {m,
6 H).

Treatment of a sample of comparabhle reaction mixture with N-
phenyltriazolinedione in dichloromethane at —40 °C resulted in the
immediate disappearance of the red color. Removal of solvent after
warming to room temperature gave an orange oil. Attempts to purify
the mixture by alumina chromatography {Activity I1D) induced con-
siderable decomposition. That adduct 37 had been formed was evident
from the 'H NMR spectrum: (CDCl3) 6 7.40 (m, 5H), 5.7 (m, 1 H), 4.8
(m, 1 H), 3.30 (s, 3 H), and a series of broad upfield absorptions in-
cluding a singlet at 6 1.28 and a doublet (/ = 7 Hz) at 4 1.17 arising
from the methyl groups.

Reduction-Methylation of 10. Treatment of 200 mg (1.13 mmol)
of 10 with 95 mg (2.43 mg-atom) of potassium in liquid ammonia (15
mL) in the predescribed manner again gave a green-colored solution
which was stirred for 40 min at —70 °C. Methy! iodide (600 uL) was
introduced via syringe, and the solution became colorless. The am-
monia was allowed to evaporate, and the residual pale yellow oil was
taken up in ether (20 mL). The ethereal layer was washed with brine
(10 mL), the aqueous phase was reextracted with ether (10 mL), and
the combined organic layers were dried and evaporated. There was
obtained 184 mg (100%) of 36b, a sample of which was purified for
analysis hy preparative VPC (5% SE-30 on Chromosorb G, 110 °C):
'H NMR (CDCly) $ 7.35(d. / = 7.5 Hz, 1 H), 6.85 (d,/ = 7.5 Hz, 1 H),
2.82(t,-/ = 7.5 Hz, 2 H), 2.55 (brs, 3 H), 1.96 {t,J/ = 7.5 Hz, 2 H), and
1.28 (5, 6 H); rmax (neat) 2940, 2870, 1585, and 1455 cm™1,

Anal. Caled for C- HsN: C, 81.93; H, 9.38. Found: C, 81.56; H,
9.49.

6,7-Benzo-4,5-dihydro-2-methoxy-3 H-azonine (40). Approxi-
mately 50 mL of dry ammonia (distilled from sodium) was collected
in a flask containing 253.1 mg (1.27 mmol) of 16. To the slurry was
added 0.35 mL of dry tetrahydrofuran. Potassium metal (106.5 mg,
2.72 mg-atom) was added at —~78 °C, and after 30 min 514 uL of
methanol was introduced by syringe. Solid ammonium chloride (146
mg, 2.72 mmol) was immediately added. After the mixture had
evaporated to a volume of approximately 25 mL, it was poured into
a separatory funnel containing 200 mL of ether and 200 mL of ice
water. After separation of the layers, the organic phase was dried and
evaporated to leave 40, a sample of which was purified further hy
preparative VPC (3 ft X 0.25 in. 5% Carbowax 20M on Chromosorb
G, 180 °C): TH NMR (CDCl3) 6 7.1 (m, 4 H), 6.80 (d, / = 8 Hz, 1 H),
6.10 (d, o/ = 8 Hz, 1 H). 3.27 (s, 3 H), 2.58-2.55 (m, 2 H), 2.55-2.1 (m,
2 H), and 2.1-1.55 (m, 2 H): vax (CCly) 2910, 1680, 1540, 1450, 1380,
1230, 1150, and 1055 cm™ 1 m/e caled 201.1153, found 201.1156.

8,9-Benzo-4,7-dihydro-2-methoxy-3 H-azonine (43). To ap-
proximately 10 mL of dry liquid ammonia (distilled from sodium) was
added 100.3 mg (0.503 mmol) of 28 dissolved in 0.3 mL of dry tetra-
hydrofuran. To this solution (at =78 °C) was added potassium (freshly
cut, 44 mg, 1.13 mg-atom). The solution remained dark (excess po-
tassium) for 1 h, and then 100 uL, of methanol was added (color dis-
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charged immediately) followed by 60.2 mg of solid ammonium chlo-
ride. The ammonia was allowed to evaporate, and the residue was
taken up in ether and washed with water. The organic phase was dried
and evaporated, and the residue was molecularly distilled (50 °C at
0.05 mm) to give 99.6 mg (98.3%) of 43: 'H NMR (CDCly) 6 7.4-6.5 (m,
4 H), 6.0-5.2 (m, 2 H), 3.77 (s, 3 H), 3.5-3.0 (m, 2 H), and 2.5-1.6 (m,
4 H); Amax (1sooctane) 229 nm (e 5550) and 276 (1200); m/e caled
201.1153, found 201.1158.

5,6-Benzo-3,4-dihydro-7,8-homo-2-methoxyazocine (46). To
a solution of approximately 5 mL of dry ammonia (from sodium) and
12.7 mg (0.325 mg-atom) of potassium was added a solution of 30.2
mg (0.151 mmol) of 23 in 100 pL of dry tetrahydrofuran. This solution
was allowed to stir at —78 °C for an additional hour. Methanol (100
uL) was then added, followed by solid ammonium chloride. The am-
monia was allowed to partially evaporate, and the remaining mixture
was poured into ether and extracted with water (approximately 5 mL
each). The ethereal layer was dried and solvent evaporated. The
residue was molecularly distilled (50 °C, 0.05 mm) to give 46 as a clear
oil: tH NMR (CDCl;) 6 7.6-6.6 (m, 4 H), 3.79 (s, 3 H), and 2.3-0.6 (m,
8 H); vmax (neat) 1660 and 1210 ecm™!; m/e caled 201.1153, found
201.1156.

7,8-Benzo-3,4-dihydro-5,6-homo-2-methoxyazocine (49). To
approximately 28 mL of ammonia (freshly distilled from sodium) was
added 127 mg (0.64 mmol) of 18 dissolved in 1.5 mL of dry tetrahy-
drofuran. To this magnetically stirred solution was added 56.1 mg
(1.42 mg-atom) of freshly cut potassium in one piece. The solution
turned orange after approximately 1 min. Solid ammonium chloride
(85.6 mg, 1.6 mmol) was added, and the color was discharged imme-
diately. The ammonia was allowed to evaporate partially, and 20 mL
of ether was added followed by 20 mL of water. The ether extract was
washed with brine, dried, and evaporated to give a yellowish oil.
Distillation (45 °C at 10~7 mm) gave 49 as a clear oil: '1H NMR
(CDCIly) 6 6.9-6.55 (m, 4 H), 3.78 (s, 3 H), 2.8-1.6 {m, 4 H), and
1.35-0.15 (m, 4 H); m/e caled 201.1153, found 201.1156.

5,6-Dihydro-11,12-homodibenz( b,f]Jazocine (50). A. Reduction
of 31. To a stirred solution of 31 (121 mg, 0.5 mmol) in redistilled
ammonia (27 mL) and dry tetrahydrofuran (3 mL) was added an ex-
cess of potassium in portions. After each addition of potassium, the
solution changed in color from green to vellow to orange to red. After
the last addition, a permanent green color was observed. Methanol
(1 mL) was added, and the ammonia was allowed to evaporate. The
orange residue was diluted with ether (50 mL), and the organic layer
was washed with water (3 X 156 mL), dried, and concentrated to leave
a vellow solid (120 mg). Purification by silica gel (1.5 X 13 em) chro-
matography (elution with 50% benzene-pentane) yielded 65 mg of
a white solid which was sublimed (60 °C and 0.05 mm) and recrys-
tallized (benzene-hexane) to provide 60 mg (50%) of 50: mp 108-109
°C; 'H NMR (CDCly) 4 7.30-6.32 (m, 8 H), 5.23 (d, J = 14 Hz, 1 H),
4.04 (s, 1 H), 3.97 (d,J = 14 Hz, 1 H), 2.90-2.10 (m, 2 H), and 1.90-0.90
(m, 2 H); vmax (CHCly) 3400 em~L,

Anal. Caled for CgHsN: C, 86.84; H, 6.83. Found: C, 86.42; H,
6.81.

B. Reduction of 30. A solution of lactam 30 {200 mg, 0.845 mmol)
and lithium aluminum hydride (113 mg, 3 mmol) in 25 mL of tetra-
hydrofuran was refluxed under nitrogen for 5 days. The excess lithium
aluminum hydride was decomposed by addition of water to the cooled
solution. The mixture was extracted with chloroform (2 X 50 mL.), and
the combined organic extracts were washed with water (25 mL), dried,
and evaporated. The residue was extracted with benzene, and the
extract was purified by silica gel chromatography (benzene elution)
to vield 150 mg (80%) of 50, identical in all respects with the product
isolated above.

11 H-Benzo[ a]Jcarbazole (53). To a stirred solution of 31 (103 mg,
0.4 mmol) in 5 mL of tetrahydrofuran was added an excess of potas-
sium (120 mg) in small chips, and the solution was stirred under ni-
trogen at room temperature for 20 h. The solution became yellow and
then dark purple in color. The residual potassium chips were removed,
and water (1 mL) was cautiously added followed by ether (50 mL.).
The organic layer was washed with water (3 X 10 mL), dried, and
concentrated to leave a brown solid (110 mg). Chromatography on
silica gel (1.5 X 13 em) and elution with 50% benzene-pentane yielded
75 mg of pale yellow solid, recrystallization of which from ether-
hexane furnished 62 mg (69%) of 53 as a colorless solid: mp 224-226
°C (}it.28 mp 227-228 °C); *H NMR (MesS0-dg) 6 12.0 (s, 1 H) and
8.6-7.0 (m, 10 H); rmax (CHCl3) 3400, 2900, 1460, and 1260 cm ™1,
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Extensive experimental data show that the Hammett equation fails for charged substituents (poles); variations
of @ over more than one ¢ unit are common. Addition of the Bjerrum field effect term, 5B, yields the more general
equation (8), log K ~ log K% = A = plgl + 6B, which holds satisfactorily for poles (at zero ionic strength) as well as
for dipoles. In practice, pL' = ppeta, i.€., the usual value; o1 =~ o7 for dipoles, s% values for poles have been derived
(gln, Table VI); 4B is the Coulombic term from the classical equations 2-5, characteristically containing the dielec-
tric constant of the solvent, D. In section 8 a number of details are discussed, such as the behavior of the series 4-
(CH5),CO0~ and 4-(CHg), NMes* and the log K difference between 4-NMe,* and 4-SO,~ substituted derivatives.
Examples are given where only the Bjerrum term counts (A = 3B); among these are acidic ester hydrolysis and 4-
CHy,CHyNMey* substitution. Where 88 = 0 eq 8 reduces to the form of the Hammett equation; with dipoles this
holds almost generally (gas-phase data being one of the exceptions), with poles this holds, for instance, for Sy1 reac-
tions and for reactivities at high ionic strengths. Sections 9-14 give a discussion of the data in relation to; the meta/
para ratio of the inductive effect; the Kirkwood-Westheimer model; the Hine equation; through-resonance effects
(¢t and ¢!); naphthalene derivatives; and ortho substitution. The applicability of 6B in aliphatic systems is illus-
trated and an extended Taft equation is given. The dichotomous eq 8 is compatible with a two-stage model of reac-
tivities. For example, in the first (ionization) stage of the dissociation of XH the XH distance increases to give a pair
of ions or a discrete ion pair X~H?; in the second stage the proton goes to infinity. The first stage is structure de-
pendent and equally so for poles and dipoles; the second stage is structure independent and D, is applicable. The
Kirkwood-Westheimer cavity model can be parametrized so as to conform with the Bjerrum model. This reevalua-
tion of the cavity model is supported by experimental evidence.

The empirical empire of the Hammett ps relation and its
extensions is based on our knowledge of substituent effects
of uncharged groups, i.e., dipoles. Data on the effects of
charged groups, poles, are scarce. Even so, considerable doubt
has developed as to the constancy of s values of poles, al-
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though there would seem to be no generally accepted opinion
on the question.

In an attempt at clarifying the situation we have studied the
substituent effects of a number of positive and negative poles
in a number of reaction series. Some results have been given
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