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The total assignment of the 'H nmr spectrum of the three tetracyclic compounds: 5H-indolo[1,7-ab}1]benz-
azepine, 6,7-dihydro-5H-indolo[1,7-ab]1]benzazepine and pyrrolo[3,2,1-k{Jphenothiazine is described.
Assignments were based on decoupling experiments and the spectrum of 1,10-dideuteriopyrrolo[3,2,1-kl}
phenothiazine and the spectral parameters were varified by spin-simulation techniques. A temperature study
of 6,7-dihydro-5H-indolof1,7-ab]1]benzazepine was also performed.
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As a part of a systematic study of the structure-activity
relationships of tricyclic compounds related to imipramine
and promazine with restricted rotation in the side chain,
we were interested in utilizing the tetracyclic systems 1, 2
and 3 as precursors. We have recently reported a conve-
nient synthesis of the three systems (2).

In connection with a comparison study of the chemistry
of these heterocycles, especially concerning sites of lithia-
tion, we found it necessary to resolve their 'H nmr spectra.
We also hoped to obtain an estimate of the relative plan-
arity of each of the systems in solution. The 'H nmr spec-
tra of SH-dibenz[b,flazepine (3,4), phenothiazine (5-10)
and conformational studies of 10,11-dihydro-5H-dibenz-
[b.flazepine derivatives (3, 11-13) have been reported.

Presented here are the total assignment of the aromatic
protons in 1, 2, and 3 also the results of the temperature
study of the ring inversion barrier in 6,7-dihydro-5H-
indolo[1,7-ab][1]benzazepine.

Results and Discussion.

The proton chemical shift assignment were made from
decoupling experiments in combination with comparison
of coupling constants in indoles (14), dibenzazepines,

10,11-dihydrodibenzazepines and phenothiazines. The
spectral parameters were varified by spin-simulation of
separate 3- and 4-spin systems. The *H nmr spectra were
recorded at 250 MHz in deuteriochloroform solution and
are shown in figures 1, 2 and 3. Table 1 gives the chemical
shift values of the aromatic protons and Table 2 the coupl-
ing contants.

The well separated doublets at the lowest and highest
field in the spectra, with coupling constants 3.4-3.7 Hz,
were readily assigned with decoupling experiments to be
the 1- and 2-protons respectively (14). Decoupling of the
I-proton also sharpened up the broad high field doublet of
doublets at 6.44 ppm (1), 6.99 ppm (2) and 6.56 ppm (3).
The broadening of the doublet of doublets and of the
1-protons is due to a small long-range coupling, and the
doublet of doublets was consequently assigned to the
S5-protons. These assignments were confirmed by irradia-
tion of the 5-protons, resulting in a sharp doublet from the
l-protons and the appearance of two distinct doublets at
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Figure 1. 'H-nmr spectrum of SH-indolo[1,7-ab]{1]benz-
azepine (1) in deuteriochloroform.
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Figure 2.
[1,7-ab][1]benzazepine (2, aromatic region only) in deute-
riochloroform.

'H-nmr spectrum of 6,7-dihydro-5H-indolo-
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Figure 3. 'H-nmr spectrum of pyrrolo[3,2,1-kl]phenothi-
azine (3) in deuteriochloroform.

Vol. 20

6.73 ppm (1), 7.05 ppm (2) and 6.83 ppm (3) assigned to the
4-protons, and at lower field, 7.08 ppm (1), 7.49 ppm (2)
and 7.04 ppm (3) assigned as the 3-protons. Separated ir-
radiations of the doublet of triplets corresponding to the
4-protons, and the doublet of doublets corresponding to
the 3-protons, confirmed our assignments. The H3, H4
coupling constants were in the range 7.5-8.0 Hz and the
H4, HS coupling constants in the range 7.2-7.4 Hz. In
order to resolve the 4-spin-system, it was necessary to
determine which of the coupled doublets that correspond-
ed to the 8- and 1l-protons of 1 and 2 or the 7- and
10-protons in 3. The larger 3-bond coupling constants dif-
fered by more than 1 Hz and were assumed to be the 10,11
ortho coupling in 1 and 2 and the 9,10 ortho coupling in 3.

The meta couplings from the 11 protons in 1 and 2 and the
10 proton in 3 were also equal or smaller that the meta
couplings from the 8-protons in 1 and 2 and the 7-proton
in 3 as expected. Selective decoupling of all four protons
gave approximate data for the coupling constants and the
chemical shift for each of the separate protons
(1,10-dideuteriopyrrolo[3,2,1-kllJphenothiazine). To con-
firm the assignments, we examined the spectrum of
1,10-dideuteriopyrrolo[3,2,1-klJphenothiazine 4 (15) and
also performed spin-simulations which provided us with
the final parameters. Proof of the sites of deuterium
substitution in 4 were obtained by comparison of the *C

nmr spectra of 3 and 4 (16,17) which clearly distinguished
C-7(127.1 ppm) and C-10 (114.2 ppm). In the 'H nmr spec-
trum of 1, the 2-proton became a singlet, the 8-proton
become a quartet with two ortho couplings (J7.8 = 6.9 Hz;

Jg,9 = 8.0 Hz), and the 9-proton became a quartet with a
ortho coupling (Jg,9 = 8.0 Hz) and a meta coupling (J7.9
= 1.7 Hz). The assignments of the 6- and 7-protons in

Table 1

'H NMR Chemical Shifts (5 Values) in Deuteriochloroform at 27°C

Compound 1H 2H 3H 4H
5H-Indolo[1,7-ab] 1} 7.31 6.40 7.08 6.73
benzazepine (1)

6,7-Dihydro-5H-indolo- 7.53 6.70 7.49 7.05
[1,7-ab}1]benzazepine (2)

Pyrrolo[3,2,1-k!Jpheno- 7.31 6.39 7.04 6.83
thiazine (3)

1,10-Dideuteriopyrrolo- 6.39 7.04 6.81

[3,2,1-ki]phenothiazine
@

(a) The four ethano-bridged protons appear as a singlet.

SH 6H 7H 8H 9H 10H 11H
6.44 5.86 5.75 6.71 6.81 7.01 6.86
6.99 320(@ 3.20(a) 7.28 7.10 7.24 7.33
6.56 6.92 6.78 6.88 6.97
6.54 6.94 6.77 6.89
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Table 2

'H NMR Coupling Constants (Hz) in Deuteriochloroform at 27°C

Compound Jiz J34 I35
SH-Indolo[1,7-ab]1]benzazepine (1) 3.7 80 1.2

6,7-Dihydro-5H-indolo[1,7-ab}1]benzazepine (2) 3.5 7.5 1.5

Pyrrolo[3,2,1-kl]phenothiazine (3) 34 80 09
1,10-Dideuteriopyrrolo[3,2,1-k/]phenothiazine (4) 79 08
Table 3

Temperature Effects on the Chemical Shifts (5 Values) of the Aromatic
Protons of 6,7-Dihydro-5H-indolo[1,7-ab][1]benzazepine
in Deuterioacetone

°C IH 2H 3H 4H S5H 8H 9H 10H 11H

+20 775 672 747 701 698 735 1716 1732 17.50

0778 674 748 702 700 736 717 733 1751
—10 781 675 749 703 700 736 7.18 7.33 7.2
—-20 782 676 749 7.03 701 737 718 734 752

—40 785 678 751 705 702 738 720 736 7.55
—60 790 6.80 753 7.06 7.03 740 721 738 7.56
—80 795 684 756 7.08 7.05 742 724 740 7.58

—100 800 688 7.58 7.10 7.08 744 726 742 7.60

5H-indole[1,7-ab]{1}-benzazepine were made by decoupl-
ing of the 5-proton, which sharpened the low field doublet
at 5.85 ppm. Irradiation of the 8-proton, analogously caus-
ed the high field doublet at 5.75 ppm to sharpen.
Noteworthy is the fact that the 1- and 3-protons at low
field and the 2- and 5-protons at high field are well
separated and easily distinguished from the lines of the
rest of the protons in all three systems. The main dif-
ference between 1, 2 and 3 is the approximately 0.3 ppm
lower field position of each of the protons in the dihydro
compound 2 compared to 1 and 3. We interpret this fact
by the assumption that 6,7-dihydro-5H-indole[l,7-ab]-
[1]benzazepine (2) is a more planar system with delocaliza-
tion between the indole and benzene moieties of the
molecule. Comparison of Dreiding molecular models of
the three systems support this idea. The chemical shift of
the vinylic protons in 1 at 5.75 ppm 5.86 ppm appear at
high field compared to the vinylic protons in the non
cyclized compounds; 5H-dibenz[b,flazepine 6.32 ppm,
SH-dibenz[b,flazepine-5-acetaldehyde diethylacetal 6.70
ppm and 5H-dibenz[b,f]azepine-5-acetaldehyde 6.77 ppm.
This behavior indicates that S5H-indole[1,7-ab]1]ben-
zazepine is very rigid and more than slightly bent. From
the similarity in chemical shifts and comparison with
Dreiding models, pyrrolo[3,2,1-klJphenothiazine (3) could
be assumed to have nearly the same rigidity. A recent *C
nmr relaxation study on this compound (17) supports this

Jas  Je7 Jes Jis  Jr9  Jgo Jsio Joio Joi1 Jionn

7.2 11.8 7.2 1.2 7.0 0.5 9.2
7.2 7.0 1.6 7.4 1.2 8.0
74 6.6 1.7 79 1.7 8.1

7.3 6.9 1.7 8.0

conclusion.

Abraham, Kricka and Ledwith have performed a detail-
ed analysis of the temperature dependent 'H nmr spec-
trum of 5-acetyl-10,11-dihydro-5H-dibenz{b,flazepine (5)
and suggested that the occurrance of two conformational
equilibria: rotation about the amide C-N bond and inver-
sion of the central seven-membered ring (12). In the an-
nelated compound 6 the amide group is held in a rigidly
planar conformation and ring inversion involves mainly
the ethano-bridge and the least substituted aromatic ring.
The 'H nmr spectra of 3 at 100 MHz showed the ethano-
bridge protons as a single line down to -60°. In our 'H nmr
variable temperature investigation of 6 at 250 MHz in
deuteroacetone, we observed a complex multiplet for the
ethano protons below -40° (ABCD System) which collapsed
into an apparent A,B, system over the range -30 to +40°.
We also observed coalescence of the amide methylene pro-
tons from an AB quartet below -40° to a sharp singlet
above +30°C. In deuterochloroform the ethano protons
collapsed from an ABCD system to an A,B, system over
the range —20 to +10° and the methylene protons col-
lapsed from an AB quartet into a singlet in the range of

3D

~C
07" ScHy

When a deuteroacetone solution of 6,7-dihydro-5H-
indolo[1,7-ab][1]benzazepine (2) is cooled to -110°, all of
the aromatic protons are shifted to lower field. At -60°, the
ethano-bridge protons give rise to an ABCD spectrum con-
sisting of two groups of peaks centered at 3.1 and 3.3 ppm.
Increasing the temperature causes a broadening and col-
lapse of this spectrum to a single peak at approximately
-5°. This peak sharpens to a single slightly broadened
peak at 40°.

Instrumentation.

Spectra were recorded on a Bruker WM-250 NMR spectrometer at a
frequency of 250.13 MHz. The samples were run as 0.5 M solutions in
deuterochloroform or deuteroacetone with TMS internal reference.
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Spectra were recorded at a data point resolution of 0.18 Hz. Gaussian
multiplication was used to increase the resolution for comparison with
simulated spectra. Variable temperature studies were carried out using a
BUT-1000 temperature controller.

Spinsimulation was carried out using the Bruker PANIC spin-
simulation program on the Aspect 2000 computer. Spectra were
simulated as independent three four spin systems.
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