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ABSTRACT

1,2-Anthraquinone-1-phenylhydrazone (1), 1, 2-anthraquinone-2-phenyl-
hydrazone (2), 14-anthraquinone-4-phenylhydrazone (3) and 9,10-anthra-
quinone-9-phenylhydrazone (4) were prepared and their 'H, C and "N
NMR spectra were measured. Two-dimensional NMR experiments were
used to assign 'H and C chemical shifts unambiguously. The values of
'J(PN, 'H) and PN chemical shifts show that these compounds exist
almost completely in their hydrazone tautomeric forms under the
measurement conditions used. Small amounts of azo forms (<5%) are
also very probably present, because of small temperature dependences of
"J(”N, 'H) and ("N ).

1 INTRODUCTION

In previous papers we have studied the 'H, *C and "N NMR spectra of
azo dyes derived from phenolic and naphthoic coupling components.'!!
The aim of this present work was to measure and assign 'H, '*C and "N

* To whom correspondence should be addressed.
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NMR spectra and to determine azo-hydrazone tautomeric equilibria in
anthracene analogues.

2 EXPERIMENTAL

1,2-Anthraquinone-1-phenylhydrazone'? (1), 1,2-anthraquinone-2-phenyl-
hydrazone'? (2), 1,4-anthraquinone-4-phenylhydrazone'? (3) and 9,10-
anthraquinone-9-phenylhydrazone'* (4) (Scheme 1) were prepared as
reported in the literature. "N (15% "N, 95% '°N,) isotopomers of
compounds 1, 3 and 4 were prepared analogously using '"N-aniline and
Na'’>NO, (Isocommerz Berlin). *N (95% *N,, 95% '*N,), the isotopomer
of compound 2, was prepared using CqH;'’NH'*NH, (Isocommerz Berlin)
and 1,2-anthraquinone.

The 'H and '3C NMR spectra were recorded at 300 K on a Bruker

AMX 360 spectrometer equipped with 5 mm broadband probe and 5 mm

Scheme 1. Formulae of compounds measured.
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broadband inverse probe, and an X32 computer using the UXNMR
software (Version 940501.3).

One-dimensional (1D) '"H NMR (360-13 MHz) and '*C NMR (90-566
MHz) spectra were recorded with 64 K data points and a spectral width
of 7246-4 Hz and 22 727-3 Hz, respectively. Compounds 1, 2 and 4 were
dissolved in deuterochloroform. 'H and '*C chemical shifts were referred
to internal TMS (8 = 0-00). Compound 3 was measured in hexadeutero-
dimethyl sulfoxide and chemical shifts were referred to the central signal
of the solvent (8 = 2-55 ("H) and 39-60 ('*C)).

Experimental conditions of 2D NMR measurements'” have been
reported for compound 2. Other compounds were measured analogously,
retaining digital resolution approximately.

H,H-COSY: d,-90°-d;-90°-Acq. Spectral width in both dimensions
796-2 Hz, d, = 2 s, 512 data points in F,, 128 experiments in F, 8 scans.
Apodization with a squared sine-bell function in both dimensions, pro-
cessing with zero-filling giving a matrix of 256 X 256 points.

NOESY: d,-90°-d;-90°-d,,-90°-Acq. Spectral width in both dimensions
7962 Hz, d, = 5s,d,, = 1:0 s, 512 data points in F,, 128 experiments in
F,, 32 scans. Apodization with a m/2-shifted squared sine-bell function in
both dimensions, phase-sensitive processing with zero-filling giving a
matrix of 256 X 256 points.

H,C-COSY: d,-90°(*"H)-dy~180°("*C)-d-d,-{90°('H)/90°(*C)]-d;-[decoupling/
Acq]. Spectral width 73529 Hz in F; and 7962 Hzin F,, d;, =25, d, =
3-3ms, d; = 22 ms. 1 K data points in F,, 128 experiments in F,, 4 dummy
scans, 32 scans. Apodization with a 7/2-shifted squared sine-bell function
in both dimensions, zero-filling giving a matrix of 1 K X 256 points.

H,C-COSYLR: d,-90°("H)-d,-180°('*C)-d,-d,-[90°("H)/90°(**C)]-d;-[de-
coupling/Acq]. Spectral width 7 3529 Hz in F, and 7962 Hz in F,,
d, =2s,d, = 60 ms, d; = 40 ms. 1 K data points in F,, 128 experiments
in F,, 4 dummy scans, 1024 scans. Apodization with a =/2-shifted
squared sine-bell function in both dimensions, zero-filling giving a matrix
of 1 K X 256 points.

HMQC ('H detected heteronuclear correlation, with low-pass J-filter
to suppress one-bond correlations)'®: d,-90°('H)-d,-90°(*3C)-d;-90°('3C)-
dy-180°("H)-d-90°(1*C)-Acq. Spectral width 18051 Hz in F, and 9 056-4
Hzin F,,d, = 15s,d, =31 ms, d; = 60 ms. 1 K data points in F,, 256
experiments in F;, 4 dummy scans, 256 scans, no decoupling during
acquisition. Apodization with a 7/2-shifted squared sine-bell function in
both dimensions, zero-filling giving a matrix of 1 K X 512 points.

One-dimensional "N NMR (10-095 MHz) spectra were recorded in 10 mm
NMR tubes on a JEOL-FX 100 with 8 K data points and a spectral
width of 5000 Hz using gated and inverse-gated decoupling. '*'N chemical
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shifts were referred to external nitromethane (6 = 0-0) placed in a coaxial
capillary.

Positive values of chemical shifts denote down-field shifts with respect
to standards.

3 RESULTS AND DISCUSSION
3.1 'H and '3C NMR spectra

Protons and carbons (except for signals of NH and CO groups) of
compounds 1-4 resonate in very narrow ranges of chemical shifts.
Application of two-dimensional NMR techniques is thus necessary.'!”'®
'"H and '’C chemical shifts were assigned after analysis of H,H-COSY,
NOESY, H,C-COSY, H,C-COSYLR and HMQC spectra. The results
are given in Tables 1-4.

H,H-COSY spectra revealed proton—proton connectivity patterns.

TABLE 1
'H and "C Chemical Shifts and "J('’N,, '*C) Coupling
Constants in Compound 1 in Deuterochloroform

H/C no. 8('H)* 8(5C) “JN, Bc) X
1 — 129-55 20 9
2 — 181-01
3 6-55 12747
4 7-58 14251 10
4a — 127-10 9
5 7-76 128:25 10
6 7-38 12576
7 7-44 127-11
8 7-86 128:39 9
8a — 133-54 10
9 859 120-40 46
9a — 130-64 89 10
10 7-81 12860
10a — 131-64 9
I —_ 14251 60
2 7-52 116:52 2.5
3 7-39 129-51
4 7-15 12524
“ §(NH) = 1591.

b X denotes numbers of protons for which correlations
were found via long-range couplings.
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NOESY" spectra showed through-space proximity of appropriate protons.
In compounds 1, 2 and 3, correlations of proton H-9 with H-8, and of
H-10 with the proton in position 5 were found, as well as correlations of
H-4 and H-10 in compounds 1 and 2. A correlation of the NH proton
with proton H-1 was observed in compound 4.

On the basis of known 8('H), *C chemical shifts were assigned using
H,C-COSY and H,C-COSYLR spectra. A much more sensitive 'H de-
tected heteronuclear correlation technique (HMQC; with low-pass J-filter
to suppress one-bond correlations),'¢ optimized for long-range couplings
(c. 8 Hz), was used for the assignment of quaternary carbon signals in
compounds 2 and 4.

3.2 SN NMR spectra

"N chemical shifts and coupling constants in compounds 1-4 are shown
in Table 5.

Compounds 1 and 2 possess strong intramolecular hydrogen bonds.
Small temperature dependences of 'J(**N, 'H) coupling constants and

TABLE 2
'H and "*C Chemical Shifts in Compound 2 in Deuterochloroform
H/C no. 8('H ) s(c) X’
1 — 180-37 9
2 — 13269 4
3 6-99 128-18
4 6-99 12222 10
4a — 13356 3,9
5 7-85 127-87 7,10
6 7-54 128-56 8
7 7-47 126-22 5
8 8-00 130-01 6,9
8a — 131-58 5, 10
9 891 129-44 8
9a — 129-81 4, 10
10 7-86 126-06 4,5
10a — 135-88 8,9
I' — 142-48 3
2! 7-50 116:36 4
3 7-39 129-81
4 7-15 12518 2
« §(NH) = 15-66.

® X denotes numbers of protons for which correlations were
found via long-range couplings.
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8("°N) were found in compounds 1 and 2 (Table 5), and these values
were very close to those typical of model hydrazone compounds of this
type'® (J(N, 'H) = 96 Hz; 8('°N,) ¢. —205, &"°N,) ¢. —17). Calculated
contents of hydrazone forms in compounds 1 and 2 are 94-6-98% using
'J("*N, 'H) (eqn (1)), and very similar results were obtained using &('°N,)
(eqn (2)):

IJ ISN , H
% hydrazone form = ~(——§6—)ei X 100 (1)

8°N(5)] — §["°N(x)]
AN(S)] — 8[°N(6)]
where §['°N(x)] is an appropriate N chemical shift in compounds 1 or 2,
8['*N(5)] is the '°N chemical shift in 2-hydroxy-5-tert-butylazobenzene (5,
model azo compound with an intramolecular hydrogen bond), and
8['*N(6)] is the "N chemical shift in 3-methyl-1-phenylpyrazole-4,5-dione-
4-phenylhydrazone (6, model azo compound with an intramolecular

100 )

% hydrazone form =

TABLE 3
'H and "C Chemical Shifts and "J("*N, '*C) Coupling
Constants in Compound 3 in Hexadeuterodimethy! Sulfoxide

H/C no. 8 H ) 8¢ Xt
1 — 184-30 3,9
2 678 127-32
3 8-35 128-10
4 — 128-12¢ 2,10
4a — 131-94 3,9
5 820 128-55 10
6 7-58 126-64 8
7 766 12855 5
8 818 129-65 9
8a — 131-51 5,10
9 874 126-64
9a — 130-64¢ 2, 10

10 9-03 121-55 5
10a — 134-68 8,9
I — 144-00 3
2 7-69 114-62 4
3 7-48 129-55
4 715 122:43

4 NH) = 11:55.

b X denotes numbers of protons for which correlations
were found via long-range couplings.

“ The assignment can be opposite.
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TABLE 4
'H and '3C Chemical Shifts and "J(°N, *C) Coupling
Constants in Compound 4 in Deuterochloroform

H/C no. 8('H)*  &"c) r"JPN,PC) xb

1 822 125-25 10 2
2 730 13278 1
3 748 129-13 4
4 834 12882 3
4a — 132:57 12 2,4
5 816 12641 7
6 7-43 127-66 8
7 762 132:98
8 833 12413 44 6
8a — 13871 99 6,8
9 — 13153 67 4, NH
9a — 129-88 21 1,3
10 — 183-46 1,8
10a — 130-04 31 5,7
t — 14418 62 3, NH
2 732 11431 24 4
3 732 12938
4 698 122:16
« §NH) = 9-18.

» X denotes numbers of protons for which correlations
were found via long-range couplings.

TABLE 5
Temperature Dependence of >N Chemical Shifts, 'J(**N, ®N) and “J("*N, 'H) Coupling
Constants in Compounds 1-4

Compound Temperature 8(°N,} &(”°N,) 'J("N,'H) Z2J("°N, N/H) 'J(®N,”N)

1 240 ~198-7 —20-9 93.8 19 113
270 ~1967 —189 932 21 113
300 ~-1950 —174 925 20 113
330 ~193-5 —162 90-8 20 113
2 240 ~197:5 —11-0 94.1 20 114
270 ~196:1 —10-0 93-8 20 114
300 1953  —9:3 93.5 20 114
330 1943  —88 933 20 114
3t 300 —219-8° —42:6°
350 —220-0° —41.5¢
4¢ 300 2328 514 89-8 22 116
330 ~2331 512 898 22 116
*CDCl,.
IMSO-d,.

adened signals.
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hydrogen bond).? Chemical shifts of N, at 240 and 270 K in compound
1 are shifted even more upfield than those in the model compound
3-methyl-1-phenylpyrazole-4,5-dione-4-phenylhydrazone  (6).>'*  Exact
calculation of the hydrazone content is difficult in the cases where the
content is rather close to 100% (and, analogously, close to 0%) when
model compounds are used, because substituent effects are comparable with
the influence caused by very subtle changes of tautomeric equilibrium.
Annelation of the phenyl ring resulted in ¢. 10-20% increase of the
hydrazone contents in compounds 1 and 2 with respect to those in 1,2-
naphthoquinone-1-phenylhydrazone and 1,2-naphthoquinone-2-phenyl-
hydrazone* (as prevailing tautomeric forms) in deuterochloroform.

A much more dramatic shift in the azo-hydrazone equilibrium can be
seen for compounds 3 and 4 (Scheme 2). While 4-hydroxy-azobenzene®
and 1-hydroxy-4-phenylazonaphthalene* exist in DMSO-d, as true azo
compounds, compounds 3 and 4 are almost completely in the phenyl-
hydrazone forms.

Compounds 3 and 4 have no intramolecular hydrogen bonds, and SN

OH OH
124.2 119.4
- > N —_—

110.2 Ny Tos 0 Ny
0 0
-42.6 ~51.4
N\ ~.
-219.8 “NH -232.8 _“NH
e e e

Scheme 2. N Chemical shifts in 4-hydroxyazobenzene’, 1-hydroxy-4-phenylazo-
naphthalene* and 1,4-anthraquinone-4-phenylhydrazone measured in DMSO-dg, and
in 9,10-anthraquinone-9-phenylhydrazone measured in CDCl; at 300 K.
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chemical shifts must not therefore be compared with the data for com-
pounds 5 and 6, but e.g., with the values in benzaldehyde phenylhydrazone,
in which 8('*N) of the —NH— group is —237-0 and &**N) of —N= is
—54-0 in DMSO.%

The results are in agreement both with theoretical considerations and
with practical results based on methods other than NMR, i.e. that the
hydrazone tautomeric form becomes progressively more stable as the size
of the ring system bearing the oxygen atom increases.'>?'-?’

The conclusion, based on our NMR results, is that anthraquinone
phenylhydrazones exist in hydrazone forms to more than 95%, but that
small amounts of azo forms are also very probably present.

ACKNOWLEDGEMENT

This work was supported by the Grant Agency of the Czech Republic
(Grant No. 203/93/2065).

REFERENCES

1. Lycka, A., Snobl, D., Machacek, V. & Vecefa, M., Org. Magn. Reson., 15

(1981) 390.

Lycka, A., Snobl, D., Machacéek, V. & Vedera, M., Org. Magn. Reson., 16

(1981) 17.

Lycka, A., Collect. Czech. Chem. Commun., 47 (1982) 1112.

Lycka, A. & Machacek, V., Dyes and Pigments, 7 (1986) 171.

Hansen, P. E. & Lycka, A., Magn. Reson. Chem., 24 (1986) 772.

Ly¢ka, A. & Jirman, J., Dyes and Pigments, 8 (1987) 315.

Lycka, A., Jirman, J. & Podstata, J., Dyes and Pigments, 8 (1987) 465.

Lycka, A., Jirman, J., Schneider, B. & Straka, J., Magn. Reson. Chem., 26

(1988) 507.

9. Fedorov, L. A., Ly¢ka, A. & Jirman, J., Izv. Acad. Nauk SSSR, Ser. Khim.,
11 (1989) 2530.

10. Ly¢ka, A., Necas, M., Jirman, J., Straka, J. & Schneider, B., Collect. Czech.
Chem. Commun., 55 (1990) 193.

11. Lycka, A., Jirman, J. & Necas, M., Dyes and Pigments, 15 (1991) 23.

12. Ospenson, J. N., Acta Chem. Scand., 5 (1951) 491.

13. Morgenstern, J., Tontscheff, N. & Mayer, R., J. Prakt. Chem., 315 (1974)
1099.

14. Kaufler, F. & Suchannek, W., Ber. Dtsch. Chem. Ges., 40 (1907) 518.

15. Ernst, R. R., Bodenhausen, G. & Wokaun, A., Principles of Nuclear Magnetic
Resonance in One and Two Dimensions. Clarendon Press, Oxford, 1987.

16. Bax, A. & Summers, M. F., J. Am. Chem. Soc., 108 (1986) 2093.

17. Ly¢ka, A. & Jirman, J., In Colour Chemistry., eds A. T. Peters & H. S.
Freeman. Elsevier Applied Science, London, 1991, Ch. 10.

N

PN R W



216

18.
19.
20.
21.
22.
23.
24.
25.

27.

A. Lycka et al.

Lycka, A., Annu. Rep. NMR Spectr., 26 (1993) 247.

Neuhaus, D. & Williamson, M. P., The Nuclear Overhauser Effect in Struc-
tural and Conformation Analysis. VCH Publishers, New York, 1989.

Botto, R. E., Westerman, P. W. & Roberts, J. D., Org. Magn. Reson., 11
(1978) 510.

Kuder, J. E., Tetrahedron, 28 (1972) 1973.

Berhnstein, 1. Y. & Ginsburg, O. F., Usp. Khim., 41 (1972) 177.

Cox, R. A. & Buncel, E., In The Chemistry of the Hydrazo, Azo and Azoxy
Groups, ed. S. Patai. Wiley, London, 1975, p. 838.

Kostyuchenko, E. E., Traven, V. F., Mhkitarov, R. A., Menshikova, N. F.
& Stepanov, B. 1., Zh. Org. Khim., 15 (1979) 884.

Ball, P. & Nicholls, C. H., Dyes and Pigments, 3 (1982) 5.

Mustroph, H., Z. Chem., 27 (1987) 281.

Fedorov, L. A., Usp. Khim., 57 (1988) 1643.



