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ABSTRACT: 11,12-Dihydrodibenzo[c,g]-1,2-diazocines have been established
as a viable alternative to azobenzene for photoswitching, in particular, as they
show an inverted switching behavior: the ground state is the Z isomer. In this
paper, we present an improved method to obtain dibenzodiazocine and its
derivatives from the respective 2-nitrotoluenes in two reaction steps, each
proceeding in minutes. This fast access to a variety of derivatives permitted the
study of substitution effects on the synthesis and on the photochemical
properties. With biochemical applications in mind, methanol was chosen as a
protic solvent system for the photochemical investigations. In contrast to the
azobenzene system, none of the tested substitution patterns resulted in more
efficient switching or in significantly prolonged half-lives, showing that the system is dominated by the ring strain.

1. INTRODUCTION

Photoswitches have become very useful tools for a wide range
of applications, e.g., in pharmacology,1 biochemistry,2 nano-
technology,3 and catalytic chemistry,4 because they permit a
reagent-free change of conformation with high temporal and
spatial control. The probably most popular photochromic
molecules are azobenzenes, as they typically offer good
switching reversibility together with high photostabilities.2,5,6

In this class of molecules, the thermodynamically stable
configuration is the E state, in which the backbone is almost
rod-like, while in the Z configuration. it is adopting a V shape,
which is typically used to relocate covalently attached
moieties.3,4,7−9 The time frame, in which experiments can be
performed with this photoactivated state, is limited by
spontaneous relaxation, the half-life of which is typically in
the range of seconds to hours depending on the exact structure
of the system, the solvent, and certainly the temperature.5 Due
to the considerable overlap of the spectra of the E and Z states,
typically no complete transformation to the Z state can be
attained but rather photostationary states (PSS), in which 5%
or more material remains in the E configuration.6 While this is
not much of a problem, if the Z state is the biologically active
one, it significantly blurs the results of the switching event if
the E state is the one to be observed.
An interesting alternative is 11,12-dihydrodibenzo[c,g]-1,2-

diazocine, 1a (Scheme 1), which is derived from azobenzene
by formally inserting an ethylene bridge between the 2-
positions at the phenyl rings. This ethylene bridge provides so
much strain on the system that the Z state becomes the ground
state but not enough to inhibit the formation of the E state by
excitation. Although first described in 1910,10 its photo-

chemistry was only recently explored by Herges and
Temps.11,12 Due to its distortion and the resulting shifts in
the absorption spectra, 1a can be isomerized almost
quantitatively (92%) by visible light with high quantum yield
and a half-life of about 4.5 h (in hexane at 28.5 °C).11 These
features gained the interest of the community, resulting in a
series of publications.13−22 Nevertheless, the number of
reported derivatives remains limited and typically only small
yields were reported. Basically, two synthetic routes are
commonly followed: the reduction of 2,2′-dinitrobibenzyls
(2)10,17,23−25 and the oxidation of 2,2′-diaminobibenzyls,14,26

both of which result in the formation of the NN bond. An
interesting new and efficient alternative approach has recently
been reported by Staubitz et al., who coupled hydrazine
derivatives, which already bear the N−N bond, with 2,2′-
diiodobibenzyls to obtain a series of new diazocine
derivatives.27 A very extensive publication by Trauner et al.
describes a series of mostly nonsymmetrical diazocine
derivatives and their photochemical properties.28 As with the
nonsymmetrical azobenzene derivatives,5,29,30 most of the
nonsymmetrical diazocines show significantly lowered thermal
stability as determined by the half-life times.
In this project, we wanted to study the effect of different

substituents in the series of symmetrical dibenzodiazocines to
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understand the impact of substitution on the photochemical
properties and on the respective syntheses. In the parent
azobenzene series, strategies have been reported that stabilize
the photoexcited state, e.g., by introduction of four halogen
atoms or methoxy groups at the ortho positions.30−32 This kind
of substitution also shifts the absorption of the respective
isomers into the visible range, which is very advantageous for
the application in biological systems.33 It would be very useful
to also attain similar effects in the diazocine series.

2. RESULTS AND DISCUSSION
As the symmetric 2,2′-dinitrobibenzyls (2) can be very easily
obtained by oxidative coupling of the respective 2-nitro-
toluenes (3),24,34 many derivatives of which are readily
accessible, we decided to use the reductive ring closure as an
entrance to the respective class of diazocines. We consider this
advantageous over the oxidative coupling of 2,2′-diaminobi-
benzyls, as the latter are often obtained from the nitro
derivatives by hydrogenation or comparable reduction
strategies. For the lead compound, 1a, three different routes
for the reductive ring closure have been established (Scheme
1): the direct reduction,17,22,24,25,35 the path via the
corresponding azoxy compound 4a,15,36 and the one via the
hydrazine derivative 5a.16,22−24,35 Typical challenges of all the
published synthetic strategies are the fair to poor yields, the
long reaction times of several hours up to days, or the
equipment, which typically cannot be found in organic labs,
such as ball mills. Also, often heavy metal reagents are
employed, which might interfere with biological systems even
in trace amounts.
To our surprise, we found that the same reagent, which is

frequently employed for the formation of the acyclic

azobenzenes from the respective nitrobenzenes, lithium
tetrahydridoaluminate,37,38 can be successfully employed for
the direct synthesis of diazocine (1a) too. When using
standard conditions, 1a was obtained in a yield of 28%, setting
the basis for further investigations. As this approach led to the
formation of significant amounts of azoxybenzene derivative 4a
as a by-product, we tried to increase the number of hydride
equivalents successively. At about 20 equiv, the formation of 4a
could basically be suppressed, but a major side-product now
was hydrazobenzene 5a. In contrast to the azoxybenzene
derivative 4a, a convenient protocol exists for the efficient
conversion of the hydrazobenzene 5a into the diazocine 1a.24

Thus, by exposing the organic phase after the work-up to air in
the presence of Cu2+, the yield of 1a could be maximized. We
also tried to moderate the reactivity of the LiAlH4 by replacing
some of the hydrogen atoms with other ligands like alkoxy
groups.39,40 In addition, alternative complex hydrides were
tested, which have been reported for the dimerization of
nitroarenes to the analogous azobenzenes.41−45 The results are
summarized in Table 1.

LiAlH4 at a high concentration (2.4 mol L−1, concentration
of the commercial reagent) and room temperature or 0 °C
provided 1a with a yield of 58%, which is the same as the
highest yields reported in the literature for the reductive
coupling.24 When the reaction was run at 0 °C, it was
completed after 80 min, while at room temperature, it took
only 20 min, including the reoxidation time. This is a
significant acceleration as compared to all the literature-
known reductive ring closures, which take at least several
hours. Of the alternative complex hydrides, only the
trimethoxy derivative, LiAlH(OMe)3, resulted in acceptable
yields.
This efficient method was extended to the synthesis of

several derivatives in order to understand the width of
applicability and substituent effects. A particular focus was

Scheme 1. (a) Switching Behavior of 11,12-
Dihydrodibenzo[c,g]-1,2-diazocine 1a, for which the Z
Configuration is the Ground State; (b) Strategies Reported
in the Literature to Convert 2,2′-Dinitrobibenzyl (2a) to
1aa

ai = Pb, base, MeOH; ii = Ph3P, MoCl2O2, THF or PCl3, C6H6; iii =
Zn, Ba(OH)2, EtOH; iv = HgO, EtOH or O2, CuCl2, NaOH, MeOH;
v = glucose, NaOH, EtOH, H2O or Pb in a ball mill.

Table 1. Optimization of the Synthesis of Diazocine 1a
Starting from 2,2′-Dinitrobibenzyl 2a

reducing agent/
mol L−1a

molar ratio
to 2 T/°Cb

time/
minc

isol.
yield/%

LiAlH4 2.4 6.25 RT 80 28
LiAlH4 2.4 15 RT 10 44
LiAlH4 0.2 20 RT 10 53
LiAlH4 2.4 20 RT 10 58
LiAlH4 2.4 20 40 10 41
LiAlH4 2.4 20 0 70 58
LiAlH4 2.4 20 −78 170 -
LiAlH4

d 2.4 20 RT 10 22
LiAlH(OMe)3 1.7 15 RT 230 48
LiAlH(OMe)3 0.9 80 RT 230 33
LiAlH(OMe)3 0.2 25 RT 230 40
LiBHEt3 1.0 10 RT 230 -e

LiAlH4·NMP 0.5 20 RT 230 6
LiAlH2(OtBu)2 0.5 20 RT 230 11
LiAlH(StBu)3 0.6 20 RT 230 -
LiAlH(SEt)3 0.6 20 RT 50 -e

LiBH4 0.6 3 RT 230 -
aSolution in THF. bRT = room temperature. cAfter the indicated
reaction time, a 10 min reaction time for the reoxidation of the
hydrazine side product followed. dInverted addition. eSome formation
of respective 2,2′-diaminobibenzyl.

ACS Omega http://pubs.acs.org/journal/acsodf Article

https://doi.org/10.1021/acsomega.1c02524
ACS Omega XXXX, XXX, XXX−XXX

B

https://pubs.acs.org/doi/10.1021/acsomega.1c02524?fig=sch1&ref=pdf
https://pubs.acs.org/doi/10.1021/acsomega.1c02524?fig=sch1&ref=pdf
http://pubs.acs.org/journal/acsodf?ref=pdf
https://doi.org/10.1021/acsomega.1c02524?urlappend=%3Fref%3DPDF&jav=VoR&rel=cite-as


put onto molecules, which can be integrated into biochemical
systems via suitable linker groups. In contrast to many previous
publications,16,19,27,28 we decided to use the hydroxyl group
rather than the amino group, as we were planning to open a
window into carbohydrate chemistry, where the typical
functional groups are hydroxyl groups. Consequently, a
number of protected OH groups, such as methoxymethoxy
(OMOM) or benzyloxy (OBn), were tested together with
other substituents, which are known to significantly alter the
switching behavior in the acyclic azobenzene series.5

To this end, a series of 2-nitrotoluene derivatives 3b−n was
oxidatively coupled to form the respective 2,2′-dinitrobibenzyls
2b−n (Scheme 2), see the Supporting Information for details.
For the coupling, we basically used the established routine24

with the exception of lowering the reaction temperature to
−78 °C, because this provided more reproducible results. The
yields for the coupling steps are summarized in Table 2.
As can be seen, the yields directly correlate with the

substituents of the 2-nitrotoluene derivatives: electron-with-
drawing groups such as −CF3 or −Cl increase the yields,
presumably through the increased acidity of the methyl groups,
while electron-donating groups typically lower the yields of the
2,2′-dinitrobibenzyls. A notable exception is 2f, in which the
ortho dimethylamino group might stabilize the intermediate
potassium salt by complexation.
The different 2,2′-dinitrobibenzyl derivatives 2b−n were

subjected to the optimized ring-closure conditions, which in

most cases, successfully yielded the respective dibenzodiazo-
cins. Again, clear effects of the substituents could be observed:
while the compounds with electron-withdrawing groups, such
as −CF3 or halogen, generally resulted higher yields (up to
44%), the yields for the compounds with electron-donating
groups were lower. A number of special cases have to be
discussed: (1) The bromo derivative 2d lost its bromine atoms
when treated with LiAlH4, resulting in the formation of the
parent compound 1a. This could be suppressed by using
LiAlH(OMe)3 instead, which worked satisfactory in the
screening study (see Table 1) and is known to tolerate more
functional groups than LiAlH4.

41 (2) The benzyloxy
compound 3i became partly cleaved by the hydride ions. In
this case, the unwanted side reaction could not be suppressed
by the use of the methoxylated aluminate so that the yield
never exceeded 3%. (3) In the case of the ortho methyl
compound 2n, the yields presumably are low because of the
steric hindrance at the nitrogen atoms hampering the ring-
closure reaction. (4) A similar effect might play a role for the
ortho fluorine derivative 2 m, for which additionally, the
formation of significant amounts of the respective 2,2′-
diaminobibenzyl was observed. In this case, using LiAlH-
(OMe)3 could minimize the over-reduction and a yield of 17%
diazocine 1m was obtained.
With this series of symmetrical dibenzodiazocines at hand,

we set out to explore the photochemical properties. The
thermal stability of the excited state and the photoconverti-

Scheme 2. Synthesis of the Symmetrical Dibenzodiazocines 1a−n with Different Functional Groups in Varying Substitution
Patterns by Oxidative Coupling of the 2-Nitrotoluenes 3a−n Followed by Reductive Ring Closure with LiAlH4

a

aFor indicating the position, we chose Roman numerals to avoid confusion with the IUPAC nomenclature or other assignments used in this
publication.

Table 2. Synthetic Yields and Photochemical Parameters for the Dibenzodiazocines 1a−n Obtained by Reductive Ring Closure
with Complex Metal Hydridesc

derivative with R = yield bibenzyl 2/% yield diazocine 1/% τ
1/2
/h % E @ PSS385

H a 60 58 5.30 ± 0.07 82
i-F b 74 38 7.18 ± 0.02 78
i-Cl c 80 26 10.5 ± 0.2 75
i-Br d 64 20a 10.8 ± 0.1 73
i-CF3 e 79 33b 8.44 ± 0.05 77
i-NMe2 f 65 28 14.3 ± 0.2 28
ii-OMe g 14 10 2.64 ± 0.03 31
ii-OMOM h 21 22 2.21 ± 0.02 25
ii-OBn i 57 3 2.64 ± 0.06 45
ii-F j 71 44 10.2 ± 0.1 41
iii-OMe k 25 20b 8.6 ± 0.2 35
iii-OMOM l 36 12 11.3 ± 0.2 37
iv-F m 64 17a 14.1 ± 0.2 49
iv-Me n 44 6 20.0 ± 0.2 72

areduction with LiAlH(OMe)3
bThese compounds could not be completely purified, see Supp. Info. for the spectra. Nevertheless, the impurities

turned out not be photoactive cThermal half-life of the E isomers and their fraction at PSS at λ = 385 nm were determined at 23 °C by UV/vis
spectroscopy in MeOH and 1H NMR in CD3OD, respectively.
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bility are important parameters, in particular, if molecular
switches are to be included into larger systems. For many
applications, an optimal photoswitch should be quantitatively
converted from one state to the other by irradiation. Therefore,
the n+ → π* transitions in the absorption spectra of the E and
the Z isomers should be energetically well separated. To
minimize uncontrolled back-switching during the experiments,
the thermal half-life τ

1/2
should be as long as possible.32 As τ

1/2

significantly depends on the environment, in particular the
solvent, it is advisable to determine its value under conditions
as close as possible to the latter applications. For the use in
biological systems, aqueous buffers would be ideal, but as the
simple dibenzodiazocines are not soluble in water, we rather
chose methanol as the model solvent for the photochemical
experiments.
We first recorded the UV spectra for the ground state, Z-

configured isomers, and then the ones of the PSS, in which a
dynamic equilibrium between the E and the Z isomers is
established. For the excitation of the system, we chose to use
light of 385 nm, as in most of the derivatives, including the
parent compound 1a, the absorption of the Z state at this
wavelength is significantly higher than for the E state, favoring
a maximal switching. Representative spectra are shown in
Figure 1; the spectra of the other diazocines are depicted in the
Supporting Information. The solutions in the PSS were then
characterized by 1H NMR spectroscopy, where the signals of
the two isomers are separated and can be individually
integrated to evaluate the composition of the binary mixtures
(see Table 2). In a series of separate experiments, the mixtures
were permitted to relax thermally (at 23 °C) to the ground
state while being observed by UV/vis spectroscopy. In all
cases, clean isosbestic points were obtained, confirming the
direct switching of the isomers without any intermediate states.
The kinetic data were evaluated quantitatively by determi-
nation of the absorbances at 480 nm, which is close to the
maximum of the n+ → π* transition of the E isomers. The
respective semilogarithmic plots are shown in the Supporting
information and yielded the τ

1/2
for the different derivatives.

It turns out that the substituents have significant impact on
the spectra of both states. In the nonsubstituted 11,12-
dihydrodibenzo[c,g]-1,2-diazocine 1a, the absorption maxima
have been reported to be well separated, which is the basis for
the excellent performance of the system. As a first trend, it has
to be noted that the peak separation in methanol is less
pronounced than in the aprotic solvents used in most previous
studies. As a result, the fraction of the E isomer in the PSS is
limited to 82% (Table 2, first entry). The same is true for all
the other derivatives tested in this study and presumably is a
general trend that needs to be accounted for in other protic
solvents, such as water.
In the following, we discuss the effect of the substitutions in

the four possible positions with the different functional groups.
In the i position, which is meta to the azo group (see Scheme 2
for numbering), the separation and intensity of the absorption
bands basically stays the same as in the parent compound 1a
for most substituents. This goes in line with previous
observations in the azobenzene system, the properties of
which are not affected much by meta-substituents.5 Indeed, the
−F group in the position i even induced a slight increase in the
molar extinction of the n+ → π* absorption of the Z isomers
while rendering the spectrum of the PSS almost unchanged
(Figure 1a). In contrast to this, introducing −NMe2 groups

into the same position led to a significant reduction of the
intensity of the respective band basically to the point that the
extinction maxima for both isomers became the same. This
certainly also resulted in a decreased switching effect, as in the
PSS only 28% of the molecules were converted to the E form.
We believe that this is caused by the very strong +M effect of
this group, but we cannot exclude at this stage that protonation
by the solvent might play a role as well. A weakening of the
double-bond character of the NN bond can be excluded in

Figure 1. Absorption spectra of representative dibenzodiazocines at
the ground state (Z isomer; black) and at the photostationary state
(PSS; red) at 385 nm, recorded in MeOH. (A) Spectra of 1,10-
difluoro-11,12-dihydrodibenzo[c,g]-1,2-diazocine 1b. (b) Spectra of
2,9-dimethoxy-11,12-dihydrodibenzo[c,g]-1,2-diazocine 1g. (c) Spec-
tra of 4,7-difluoro-11,12-dihydrodibenzo[c,g]-1,2-diazocine 1m. Insets
show the n+ → π* transitions.
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this case, as the half-life of the E isomer is clearly longer (14.3
h) than the average life time in this series.
In the ii position, para to the azo group, the presence of

substituents with +M effect is generally detrimental (1g−j).
While for the case of the fluorine atoms, the effects are limited
(spectra are similar to the ones of 1a, τ

1/2
≈ 10.2 h with 41% of

E in the PSS), and the spectra of the alkoxy derivatives become
almost featureless, as the clear maxima disappear for both, the
Z and the E states (Figure 1b). This observation is in
agreement with the situation for azobenzenes, where alkoxy
groups in the para position lead to deteriorated switching and
significantly reduced half-lives (by factors of up to 106), which
generally is attributed to the weakening of the NN double-
bond character.46,47 As expected, this effect is less pronounced
in the position iii, where the half-life of the E isomers rises to
about 10 h again, although the fractions of E isomers in the
PSS remain low (∼35%, 1k,l). This observation is meaningful,
as the ii and iii positions are sterically equivalent in the
dibenzodiazocine system, which is not the case in the
azobenzene system.
Of basic interest are also the substitutions at the iv position,

the only available ortho position to the azo group in this
system. As mentioned before, this kind of substitution results
in the azobenzene system in significantly prolonged half-lives
and in red-shifted maxima in the spectra.30−32 In our case, the
fluorine derivative 1m again shows spectra similar to the one of
the lead compound 1a, only with a significantly increased
shoulder at 400 nm for the E state (see Figure 1c), which limits
the fraction of the E isomer in the PSS to 49%. The situation is
even worse for the methyl derivative, for which neither the E
nor the Z states show a maximum around 400 nm. Although
no positive electronic effect was found, these two derivatives
show the longest half-lives, with 14.1 h for 1m and 20 h for 1n,
demonstrating a significant steric effect, although much smaller
than the one found in the azobenzene series.27−30

3. CONCLUSIONS

As the use of lithium tetrahydridoaluminate significantly
simplifies the ring-closure reaction of 2,2′-dinitrobibenzyls;
we now have a facile route at hand to access dibenzodiazocines
in two steps starting from the respective 2-nitrotoluenes. As
both reactions can be run on the time scale of minutes and in
homogeneous solution, this is the fastest way to this highly
interesting class of photoswitches. For the lead compound 1a,
the achievable yield is the same as the best ones previously
published for the reductive ring closure. For the substituted
derivatives, lower yields were attained, although the derivatives
with electron-withdrawing groups show yields up to 44%. In
the case of functional groups that become easily cleaved off by
LiAlH4, a milder alternative was found in LiAlH(OMe)3.
The photochemical properties of the new diazocines in

methanolic solution were investigated. Similar to acyclic
azobenzenes, the variation of the substituents enables the
tuning of the photochemistry of diazocines. Halogenation in
the meta position to the NN moiety leads to an increased
stability of the excited state, whereas a NMe2 group at the same
site results in an even more stable E isomer but leads to a lower
photoconversion. A significant stabilization of the E state could
also be attained by substitution in the ortho position. In
general, the effects of the substitution on the photochemical
properties are much smaller in the diazocine system than for
the azobenzenes, e.g., the half-life can only be increased by a

factor of four, not by several orders of magnitude. None of the
substituents had an advantageous effect on the photo-
conversion efficiency: the value of 82% for 1a, which is
lower than the one found in aprotic solvents (92%), could not
be exceeded by any derivative.
For future incorporation into larger (bio)molecular systems

via oxygen-containing groups, substitution at the meta position
(iii) seems to be advisable, as substituents in the para position
seem to be generally detrimental. The optimized synthetic
procedure presented here and the determined impact of
substituents on the photochemistry of 11,12-dihydrodibenzo-
[c,g]-1,2-diazocine will facilitate their application in further
biochemical, pharmacological, and chemical studies.

4. EXPERIMENTAL PART
4.1. General Information. 4.1.1. NMR Spectroscopy. The

following NMR spectrometers were used in this study: Bruker
AV400 and Bruker DRX600. All measurements were
performed at room temperature in deuterated chloroform
(CDCl3). For calibration, the signal of residual CHCl3 was
employed. Chemical shifts refer to the δ scale in parts per
million (ppm). Coupling constants J are given in Hertz (Hz).

4.1.2. Mass Spectrometry. Electrospray ionization mass
spectrometry (ESI-MS) spectra were measured on a Thermo
Fisher Surveyor MSQ. All high-resolution mass spectrometry
(HRMS) spectra were recorded on a Thermo Fisher Scientific
LTQ Orbitrap XL.

4.1.3. UV−Vis Spectroscopy. The UV−vis spectra were
recorded in a 1.0 cm quartz cuvette using methanol (≥99.8%,
HiPerSolv CHROMANORM, VWR) as a solvent.
The thermal half-life of the E isomers was determined with

an Ocean Optics USB4000 detector, which is connected via
optical fibers to a CVH100 cuvette holder from Thorlabs and
to a DH-mini light source (Ocean Optics). The optical setup
was controlled by PHITS (photoswitch irradiator test suite),
which was programmed by the Heckel group at the University
of Frankfurt.
All other UV−vis spectra were recorded on a Specord S 600

(Analytic Jena).
4.1.4. Light Sources. The samples for the determination of

the thermal half-life were irradiated by an M385L2 LED (385
nm; 700 mA) from Thorlabs run with a DC2100 LED driver
(Thorlabs).
The evaluation of the photoconvertibility was performed via

NMR spectroscopy after irradiation with a custom-made 3 W
LED (370 nm−380 nm; 750 mA) mounted on a starboard
from Avonec.

4.1.5. Chemicals and Column Chromatography. All
reactions except the synthesis of 6-(dimethylamino)-2-nitro-
toluene were carried out under a nitrogen atmosphere using
absolute solvents. DCM was dried over activated 4 Å molecular
sieves. THF was first dried with Na and benzophenone and
then distilled. LiAlH4 suspension in THF (2.40 M) was
received from Albemarle.
Silica gel 60 (Macherey−Nagel) had a particle size of

0.063−0.2 mm. TLC plates with a layer thickness of 0.2 mm
with a fluorescence indicator from Macherey−Nagel were
used.

4.2. Syntheses. 4.2.1. Syntheses of 2-Nitrotoluene
Derivatives 3. 4.2.1.1. 6-(Dimethylamino)-2-nitrotoluene
3f. The synthesis of 6-(dimethylamino)-2-nitrotoluene was
performed according to Otevrel and Bobal.48 To a solution of
formaldehyde (37%, 17.0 mL, 120 mmol) and sulfuric acid
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(20%, 27 mL, 99 mmol) in THF (33 mL) were alternatingly
added a solution of 2-methyl-3-nitroaniline (2.17 g, 13.0
mmol) in THF (67 mL) and NaBH4 (6.23 g, 184 mmol). After
2 h of stirring at room temperature, the reaction mixture was
transferred to a saturated solution of K2CO3 and then extracted
with EtOAc. The combined organic layers were dried over
MgSO4 and the solvent was removed in vacuum. The product
could be isolated quantitatively (2.34 g) as yellow oil.

1H NMR (400 MHz, CDCl3) δ: 7.49 (dd, J = 6.6, 2.7 Hz,
1H), 7.31−7.23 (m, 2H), 2.77 (s, 6H), 2.46 (s, 3H).
ESI-MS: 181.21 [M + H]+

HRMS: calcd, 181.09770; found, 181.09722 [M + H]+

4.2.1.2. 4- and 5-(Methoxymethoxy)-2-nitrotoluene 3h,l.
The introduction of the methoxymethyl group was performed
according to Fuji et al.49

5-(Methoxymethoxy)-2-nitrotoluene 3h: To a solution of 3-
methyl-4-nitrophenol (10.18 g, 65.45 mmol) in dichloro-
methane (400 mL) were added first dimethoxymethane (29
mL, 0.33 mol) and then P2O5 (75 g, 0.53 mol). The reaction
mixture was stirred at RT overnight and then decanted. The
organic layer was washed with KOH solution and water. The
combined organic layers were dried over MgSO4 and the
solvent was removed in vacuum. The product could be isolated
in a yield of 11.5 g (89%) as brown oil. 1H NMR (600 MHz,
CDCl3) δ: 7.66 (d, J = 2.6 Hz, 1H), 7.23 (d, J = 8.5 Hz, 1H),
7.18 (dd, J = 8.5, 2.6 Hz, 1H), 5.19 (s, 2H), 3.48 (s, 3H), 2.52
(s, 3H). 13C NMR (101 MHz, CDCl3) δ: 160.8, 143.2, 137.0,
127.5, 119.5, 114.1, 94.3, 56.5, 21.7. ESI-MS: 197.93 [M +
H]+, 196.24 [M-H]−. HRMS: calcd, 198.07608; found,
198.07599 [M + H]+

4-(Methoxymethoxy)-2-nitrotoluene 3l: 4-Methyl-3-nitrophe-
nol was transformed analogously using the procedure
described above. The product was isolated in a yield of 5.08
g (79%) as beige solid. 1H NMR (400 MHz, CDCl3) δ: 7.66
(d, J = 2.5 Hz, 1H), 7.23 (d, J = 8.5 Hz, 1H), 7.18 (dd, J = 8.5,
2.5 Hz, 1H), 5.19 (s, 2H), 3.48 (s, 3H), 2.53 (s, 3H). 13C
NMR (101 MHz, CDCl3) δ: 155.8, 149.8, 133.6, 126.7, 121.6,
112.4, 94.8, 56.4, 19.8. ESI-MS: 197.94 [M + H]+. HRMS:
calcd, 198.07608; found, 198.07609 [M + H]+

4.2.2. General Synthetic Procedure for 2,2′-Dinitrobiben-
zyls. The dimerization of the 2-nitrotoluenes to the
corresponding bibenzyls was performed according to Moor-
mann et al.24 In contrast to the literature, the best yields were
observed at a reaction temperature of −78 °C.
At −78 °C, tBuOK solution in THF (1.05 equiv; 1.60 M)

was slowly added to a solution of the 2-nitrotoluene derivative
in THF (0.2 mM). After stirring for 5 min., Br2 (1 equiv) was
added dropwise at −78 °C and the mixture was stirred again
for 5 min. Then, the cooling was removed and the reaction was
stopped by adding saturated aqueous Na2SO3 solution. The
phases were separated and the aqueous one was extracted with
DCM. The organic solvent was removed in vacuum and the
raw product was further purified. Experimental details,
purification, yields, and the spectroscopic data of compounds
2a−n can be found in the Supporting Information.
4.2.3. General Procedure for the Reductive Ring Closure

to Dibenzodiazocines 1a−n. The corresponding bibenzyl 2
was slowly added to a suspension of LiAlH4 in THF (2.4 M, 80
equiv H−) at room temperature. After 10 min of stirring, the
reaction was stopped by the slow addition of a THF/water
mixture (9/1) until the gas evolution ceased. The resulting
suspension was filtered and the residue was washed with
acetone. CuCl2·2H2O (0.1 equiv) was added to the filtrate and

compressed air was passed through the solution for 10 min.
The solvent was removed in vacuum and the raw product was
further purified. Experimental details, purification, yields, and
the spectroscopic data of compounds 2a−n can be found in
the Supporting Information.
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