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The ®N, *3C, and'H NMR spectra were measured for azo and hydrazo compounds derived
1,3,3-trimethyl-2-methylidene-2,3-dihydroindole (Fischer base), which is a passive component:
terminal methylidene group. Products prepared by coupling in hydrochloric acid exist in the
sponding hydrazone form as tBesomers. Neutralization gives a mixture of two isomeric azo cc
pounds which differ in the arrangement at the C(2)=C(10) double bond. This mixture was alk
with methyl iodide to obtain the =N-N(GH hydrazone derivatives. The geometric isomers w
resolved based on the NOESY approach and the stereospecific behavioufJgtMé3C) coupling
constants was studied for ti#\-labelled compounds.

Key words: 'H, 13C, and®N NMR spectroscopy; NOESY°N-'3C Coupling constants; Azo dyes.

Azo dyes R-N=N-R are conventionally prepared by coupling of diazonium salts v
components containing hydroxy or amino grdapsThe coupling to an activate
methylene group of the X—GHY type is also feasibe®. Compounds where the coug
ling occurs at a terminal methylidene group represent a special group of compou
this type. Mustroph and Batheported that the reaction of diazonium salts with 4-
acetylethenyl)-3-methyl-1-phenylpyrazol-5{}one () gives rise to a single produc
of azo coupling to the terminal methylidene group existing in the hydrazone2fo
(Scheme 1).

It is conceivable that compourfiprovides several tautomers, some of them witl
hydrogen bond giving rise to a seven-membered or eight-membered ring, which
be interesting to study with respect to the hydrogen bonding. On the basis'ef th
13C, and'H NMR spectrd, however, we obtained evidence that the hydrazone c
pounds2 are not the actual reaction products. Instead, a cyclization reaction witl
COCH; group takes place giving rise to derivatives 'shgdroxy-3,3-dimethyl-1,4-di-
phenyl-4,4-bi(4,5-dihydropyrazol-4-ylidene)-5-on8)((Scheme 1).
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The aim of the present work was to prepare azo and hydrazo compounds d
from the Fischer bask(Scheme 2), which is another passive coupling component:
a terminal methylene group, and to measure and elucidate"tNe#°C, and'H NMR
spectra.
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EXPERIMENTAL

Substancea, 5b-7a, 7b in Scheme 2 were synthesized following ¥efs The 1N isotopomers oba-7a
were prepared likewise using NBO, (95%'N) and!°N-aniline (20%*°N).

The H, 13C, and!®N NMR spectra were measured at room temperature on a Bruker AMX
instrument at 360.13, 90.56, and 36.50 MHz, respectively.'Rhand3C chemical shifts are given
relative to internal tetramethylsilan& @.0), the'>N chemical shifts, relative to external nitromethane
a coaxial capillary & 0.0). Positive values of chemical shifts refer to downfield shifts relative to
standards. Solutions in (GBSO or CDC}were measured in 5-mm NMR tubes using a 5-mm tunee
broadband probe.

RESULTS AND DISCUSSION

TheH, 3C, and'>N chemical shifts an8J(*°N,*3C) and"J(*°N,*H) coupling constants
of compounds5-7 are given in Tables I-IV. ThéH and '3C chemical shifts were
assigned on the basis of 1D and 2D (H,H-COSY, NOESY, H,C-COSY, H,}
RELAY) NMR spectra®14

In contrast to the products of azo coupling to 4-(1-acetylethenyl)-3-methyl-1-ph
pyrazol-5(4)-oné€, interaction with the group in the side chain can be ruled out in
coupling to the Fischer base. Reaction of 4-X-substituted benzenediazonium salt
H, NO,) with the Fischer base in diluted hydrochloric acid (Scheme 2) provides s
reaction product$, existing in the hydrazone form.
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NOESY (Nuclear Overhauser effect and Exchange SpectroscopY) is employ
demonstrate that the protons concerned are sterically in a close Viciiitividence
was obtained that the protons of the N@iHd C(10)H groups in compoun8s, 5b are
in a close vicinity, which determines the prevalent orientation of the C(10)H pr
with respect to the methyl groups in position 3. The steric interactions of protons |
C(CH,),/C(4)H and NCH/C(7)H groups were employed to make an unambiguous
signment of the proton chemical shifts for the benzene ring of the heterocycle a
the subsequent step, an unambiguous assignment GQtlwhemical shifts by means ¢

H,C-COSY spectra.
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Neutralization of substancéswith concentrated aqueous sodium hydroxide in |
ridine gave compoundd which encompass two components as the NMR spectra |
cate. The'3C NMR spectra give evidente!'Sthat the products exist in the azo form
Hence, the molecule® contain two conjugate double bonds which are not involve
the ring and can give four geometric isomers, Z/Z, Z/E, E/Z, and E/E. The 13C
chemical shifts of the phenyl group correspond to the values in trans azoldén%et
The two components present in substang@dbus differ in the arrangement at tk
C(2)=C(10) double bond. NOESY measurement by the TPPI techfiigueery con-
venient for this purpose because steric interactions can be discriminated from t
change effect. The TPPI-NOESY speétrgave unambiguous evidence, based on
positive off-diagonal signals, that both components present in substaneegergo
mutual exchange. The existence of negative off-diagonal signals in the NOESY
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trum of the majority component gave evidence, like for subst&noé steric interac-
tion of the NCH/C(10)H groups (which suggests thearrangement of the substituen
at the C(2)=C(10) double bond), C(QKHC(4)H or NCH/C(7)H groups. The NOESY
results for the minority component in substaficae not convincing (see later).
Reaction of the two components of substar&egth methyl iodide again gave in:
variably a single substance of the typeThe NOESY spectra show not only intera
tions observed for substancBsand 6, but also a steric interaction of protons of tl
methyl group originating from the methyl iodide, which is bonded at theithdgen,

TaBLE |
IH, ¥, and'™N NMR characteristiésof compoundsa and5b

5a 5b
H/CIN
3(*H) 3(c) "J(**Ny,**C) 3('H) 3(c)
1 - —-206.4 - - f
- 176.87 10.6 - 177.55

3 - 51.41 - 52.02
3a - 142.28 - 142.89

7.83 122.85 7.88 123.05

7.6% 128.85 7.63 129.08
6 7.56 127.8 7.63 128.9%

7.83 113.84 7.92 114.68
7a - 142.28 - 142.25
8 3.94 33.22 4.04 33.99
9 1.78 26.62 1.1 1.81 26.23
10 8.56' 122.64 438 8.66 126.81
—NH- 14.73 -184.¢ 14.75 f

-184.4
=Nop— - 1.7 - f
1.0

T - 141.97 5.8 - 147.59
2 7.51 115.83 2.4 7.64 115.61
3 7.51 130.02 7.38 126.21
4 7.27 125.59 - 143.25

2 In hexadeuteriodimethy! sulfoxid8;5(*°N), measured at natural abundance of'fineisotope after
addition of 15 mg of Cr(acag)® assignment may be reverse?J(**N,,*H) = 2.3 Hz,3J(**N,'H) =
4.6 Hz;® 3(*°N), **N-labelled compound’ not measured.
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and C(2)H of the phenyl group. This result is consistent with the literatudiere
N-methylaniline was identified after reductive splitting of compouad

Another independent way to determine the geometric arrangement of substitue
the N=C double bond consists in the use of the stereospecific behaviour of the co
constantgJ(**N,'3C). The values are known to be markedly higher forcib@rienta-

TasLE Il
IH, ¥, and®™N NMR characteristiof compoundssa and6b (the values for the minority isomel
are given in parentheses)

6aP 6b°
H/CIN
6(1H) 5(13C) nJ(lSNb,lSC) 5(1H) 6(13C)
1 - -268.% - - h
- 166.19 (162.71) 8.2 (4.4) - 169.48 (166.33)
3 - 47.91 (46.56) (1.8) - 48.87 (47.61)
3a - 139.74 - 140.25 (138.38)
7.27 121.79 7.34 123.08
5 7.03 121.54 7.11 122.12
6 7.25 127.59 7.32 128.01 (128.27)
7 6.82 107.26 (107.62) 6.95 (7.01)  108.37 (108.77)
7a - 144.11 (145.33) - 143.63 (144.83)
8 3.31(3.93)  29.46 (34.22) (3.5) 3.42 (3.98)  30.04 (34.77)
9 1.76 (1.46)  28.94 (28.29) 1.77 (1.51)  28.93 (27.76)
10 7.38(7.26) 121.41 1.8 7.53 (7.41)  123.08
—NH- -13.1 48.% (49.8)9 - h
49.4
=Nop— - 99.49(98.7f¢ - h
99.4
i - 153.85 (153.85) 5.1 - 158.39 (158.39)
2 7.67 (7.70)  121.19 41 7.71 (7.65)  121.14 (121.25)
3 7.41 (7.45) 128.79 8.27 (8.27) 124.88
4 7.28 127.16 - 145.43

2 In deuteriochloroform® majority to minority isomer ratio 7 : £:majority to minority isomer ratio
10 : 1;9 3(**™N), measured at natural abundance of ¢ isotope after addition of 15 mg o
Cr(acacy; ® 2J(*™N,H) = 1.8 Hz;" 3(*°N), *N-labelled compound? 1J(*°N,**N) = 14.1 Hz;" not
measured.
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tion of the lone pair at the nitrogen and the corresponding cirlfoas follows from
Fig. 1 in which data published for model compounds are used.

Thus, the coupling constants for the planar arrangement of the substituents
considerably and are relatively little affected by the nature of the substituents. In ¢

TasLe Il
IH, ¥c, and!™N NMR characteristi&of compoundséa (the values for the minority isomer ar
given in parentheses)

6a
HICIN
5(1H) 6(13C) nJ(lSNb,lSC)

2 - 166.07 (162.69) 8.3 (4.2)
3 - 47.62 (46.42) (1.4)
3a - 139.36

7.39 121.86
5 7.05 121.61

7.31 127.93
7 7.09 108.31
7a - 144.12 (145.15)
8 3.39 (3.92) 29.65 (34.23) (3.4)
9 7.42 121.23 (121.11) 1.5 (4.2)
10 1.74 (1.46) 28.92 (28.07)
—NeH- -14.32 52%(55.8)¢
=No— - 100.4° (101.1§"¢
T - 153.87 5.3
2 7.64 (7.62) 120.79 4.2
3 7.47 129.16
4 7.28 127.11

2 In hexadeuteriodimethyl sulfoxid8;majority to minority isomer ratio 11 : £;2J(**N,,'H) = 1.8 Hz;
9 5(**N), **N-labelled compound® 2J(**N,*>*N) = 14.1 Hz.

2J(15N,13C)

7-13 Hz c_~¢C 1-3Hz

“ Fe. 1
A Structure of model compounds with values
coupling constant published
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hydrazo compounds which, according to the X-ray data, exist as virtually planar
cules, the range of the coupling constants for carbons itiahe position with respect
to the electron pair can be specified even narrower, to less than 1.5 H®). (fiéfe
coupling constant&J(**N,'3C) observed for compounds and7a and for the majority
component in substan@&a lie within the expected range (8.2—11.9 Hz) and thus p
ent an independent proof of the existence ofEhissomers.

For the minority component of substar@s the situation is more complex. As mel
tioned above, the NOESY results are not very convincing. The minority compc

TaBLE IV
IH, ¥, and'™N NMR characteristiésof compounds’a and7b

7a 7b
H/CIN
3(*H) 3(c) "J(**Ny,**C) 3('H) 3(c)
1 - -202.3 - e
- 177.63 11.9 - 178.09
3 - 51.57 - 52.02
3a - 142.17 - 142.71
7.85 122.81 7.91 122.79
7.68 128.79 7.66 128.92
6 7.59 128.17 7.69 128.92
7.88 114.06 7.95 114.69
7a - 142.17 - 141.99
8 3.94 34.06 3.89 34.54
9 1.79 26.15 1.83 25.77
10 7.96 120.37 5.5 8.15 123.43
—NaCH3 4.16 37.61 4.24 36.57
-199.7 e
-199.8
=Np— - 2.6 - €
2.6
T - 145.68 6.9 - 149.99
2 7.72 118.49 2.3 7.91 118.27
3 7.61 129.73 8.44 125.32
4 7.27 126.41 - 143.96

2 In hexadeuteriodimethyl sulfoxidBp(*°N), measured at naturfiN abundance after addition of 15 m
of Cr(acac)? assignment may be rever8a(**N), **N-labelled compoundJ*°N, N,) = 11.4 Hz;® not
measured.
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fraction makes roughly 10% with respect to the majority component, and so it is 1
difficult to observe reliably the NOESY signals. Nevertheless, a hint of existence c
corresponding off-diagonal signals due to steric interaction of the,;AG{HD)H groups
in the minority component was also apparent. Such signals, however, should no
in the expected -isomer. The correspondird(**N,,,'3C(2)) coupling constant is 4.2—4.4 H
(Tables Il and 1l); hence, it lies beyond the expected range for the planar arrang
of molecules of substancésIf the weighted average method is used, the value of
coupling constantJ(*°N,*3C) would correspond to the arrangement where the plane
the five-membered ring with respect to the plane determined by the C(10)H grou
the azo bond are roughly perpendicular. A similar behaviour has been observed
coupling constantJ(*°N,*3C) of substituted azobenzeh&sThe arrangement of the
substituents would make it possible for the methyl groups to get to vicinity of
C(10)H proton, and this fact can account for the occurrence of weak signals i
NOESY spectrum. This explanation is feasible owing to the fact that in such conju
systems the bond order need not be an integer and the bond can be delocaliz:
signals of the methyl groups in the minority component are broadenge (/—10 Hz)
in 'H NMR, indicating a relatively slowly (on the NMR scale) establishing equilibrit
The effects of solvent (CDgor (CD;),SO) and heating by 3T on the appearance ¢
the 'H NMR spectra are rather small. The behaviour of substahiserot exceptional
because the presence of two components in comparable proportions having very
coupling constants have been observed for products of condensation of the Fisch
with nitroso compounds.

Combination of NOESY spectral measurement and determination éd(#i,'C)
coupling constant values provides more detailed information regarding the geor
arrangement of molecules in solutions. ¢ chemical shifts give evidence that cor
pounds5 and7 exist nearly completely in the hydrazo forms, whereas the two cor
nents of substancesare azo compountis!® In addition to the?J(*°N,*3C) coupling
constant measurement, the selectié labelling allowed the chemical shifts to b
rapidly assigned quite unambiguously. This was necessary particularly for comg
7a where the difference between th® chemical shifts of the N-CHand N~CH;,
groups is only 2.5 ppm.

The authors wish to thank the Grant Agency of the Czech Republic for financial support (gra
203/96/0123).
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