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The 13C and '°F NMR spectra of fifteen 4-fluoro-(3’ or 4’-substituted (azobenzenes have been
measured. The 6(1 9F) values correlate with the corresponding Om,p CONStants (6(19F) = 3'600',“,p
—30-78). The 15N NMR spectra have been measured of six compounds, and additivity of the
15N substitution chemical shifts has been proved. The measured coupling constants are
5J(*°F'SN) = 2:1 Hz and "J(*°F'3C) == 07 Hz.

The '3C and N NMR spectra of cis- and trans-azobenzenes and 4-mono-
and 4,4'-disubstituted trans-azobenzenes have been measured recently!. In the
4-substituted azobenzenes the substitution affects mostly the chemical shifts of C4,
atom, the slope ¢ in the equation 6(**C) = go + c being positive. In the same com-
pounds the '’N substitution chemical shifts (**N,—SCS and '’Ng—SCS) were
determined which, however, show no simple dependence on the ¢ constants. The
'SN—SCS values were used for prediction of the N chemical shifts in the 4,4'-di-
substituted-trans-azobenzenes.

The aim of the present work was to measure and assign the !*C, *°N, and '°F
chemical shifts and to determine the "J(*°FX) coupling constants in a series of 4-floro-
(3’ or 4’-substituted) azobenzenes and, furthermore, to study the substituent effects
of the *°F chemical shifts.

EXPERIMENTAL

The preparation method of 4-fluoro-(3’ or 4’-substituted)azobenzenes Ia— Io is given in Scheme 1.
4-Fluoronitrosobenzene was prepared by reduction of 4-nitrofluorobenzene with zinc and by sub-
sequent oxidation of the 4-fluorophenylhydroxylamine formed with ferric chloride?. The com-
pounds Ia—Io were prepared by reaction of 4-fluoronitrosobenzene with the respective 3- or
4-substituted anilines in acetic acid medium?. The products were purified on an alumina column
using cyclohexane or benzene aselucnt. (1 SNB)-4-Fluoroazobenzene was prepared from 15N-ani-
line (94-8%, ISN, Isocommerz Berlin). The condensation gave 4,4’-difluoroazoxybenzene (II) as a
side product unless 4-fluoronitrosobenzene was purified by steam distillation.

The 13C, 19N, and 1°F NMR spectra werc measured at 25:047, 10-095, and 93-708 MHz,
respectively, using a JNM-FX 100 (JEOL) apparatus equipped with tunable multinuclear probe,
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quadrature detection, and working in FT mode. For the measurements of 13C and 1°F NMR
spectra we used 5—10% (W/V) solutions in deuteriochloroform, and the measurements were
carried out in 10 mm (o.d.) NMR test tubes at 300 K. For the measurements of 1°F NMR
spectra we also used more diluted solutions, but the found differences in chemical shifts were
within experimental error. Deuteriochloroform was used as an internal lock substance. The
NMR spectra were measured in the standard way; the measurement of n.I(I9F13C) and 6(1°F)
was carried out at digital resolution of 0-6 Hz/point and 1 Hz/point, respectively, (4-0:011 ppm).
For the measurements of 13N NMR spectra we used the solutions prepared by filtration of solu-
tions or suspensions of 400 mg azo compounds and 50 mg Cr(acac); in 2 ml deuteriochloroform.
The measurement parameters were the same as in ref.l. The 13 C, 15N, and 1°F chemical shifts
are related to internal tetramethylsilane, external neat nitromethane (25%; 15 N) or external neat
trifluoroacetic acid, respectively. Positive values denote the downfield shifts.

RESULTS AND DISCUSSION

The compounds Ia —Io were prepared according to Scheme I. 4-Fluoronitrosobenzene
must be steam-distilled, otherwise the residual 4-fluorophenylhydroxylamine reacts
in acid medium with 4-fluoronitrosobenzene to give 4,4'-difluoroazoxybenzene I1.
5(*°F) of compound II have the values 29-30 and 29-82. The values of *3C chemical
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shifts of compound I are given in Table 1. The assignment of signals was carried
out with the help of !3C substitution shifts for fluorine* and '3C chemical shifts
in trans azoxybenzene (C(1_4): 143-91, 125-48, 128:65, 129:57, C(ji_4,y: 148:28,
122-26, 12865, 131-51) which were assigned on the basis of comparison of the chemical
shift in trans azoxybenzene, 4-bromoazoxybenzene, and 3-nitrocazoxybenzere®, the
assignment of the '3C chemical shifts being different from the published values*.
The '*C chemical shifts of compounds Ja—Io were assigned on the basis of com-
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parison with other azo compounds' with the use of the !3C substituent chemical
shifts (SCS), and the assignment was checked by the appearance of the proton-
-coupled spectrum. The values of '>C chemical shifts of compounds Ia—1Io are
given in Table 1. The 3'- and 4’-substituents exert the largest influence on the fluor-
-substituted nucleus in the '*C chemical shifts of C(4, atom which correlate with the
Om.p COnstants according to Eq. (I).

8Cea)) = (112 £ 0:08) 5, , + (16416 + 0:03) , n =15, r=0968 (1)

The "J(*°F'3C) values were obtained from the '*C NMR spectra. 'J(*°F*3C) values
are given in Table II and these values correlate with the o, , constants of the substi-
tuents according to Eq. (2).

J(*F13C) = (331 + 033) 6, + (25170 £ 0-14), n =15, r = 0940 (2)

TABLE 1
The 13C chemical shifts (6 scale, +0-10 ppm) in the compounds Ia— Io and II in deuteriochloro-
form

Compound  C1y Cpy Cay €@ Can €2y Cey Cuy Csy Cen

Ia° 149-59 123-85 115-60 16321 143-28 124-80 111-38 15228 111-38 124-80
P 149-13 124-43 115-81 163-84 146:66 124-64 114-12 16195 114-12 124-64
Ic 149-13 124-62 11591 164:12 150-49 12278 129-72 141-58 129-72 122-78
1d° 149-00 124-25 115-84 16418 152-44 122:96 13879 131-67 128-75 120-37
Ie° 149-08 124-83 11597 164:32 152:40 122-81 12905 131-00 129-05 122-81

(55  (41) (<05) (06) (1:2) (39) (1'6) (<05 (1:6) (3'9)
If 148-92 124:73 11599 16429 148:92 124-73 115-99 164-29 11599 12473
Ig 148-80 124-96 116:07 164-45 151-64 124-35 13828 97-66 13828 124-35
Ih 14893 124-89 116:04 164-42 150-69 124-02 129-28 136:88 12928 124-02
Ii 14887 12499 116:06 164-43 151-05 121-25 132:25 12534 13225 121:25
il 14875 124:98 11599 164-45 152:29 122:66 137-91 130-11 12924 12675
Ik 14878 12504 116:06 164-57 153-17 122:30 13508 130-64 130-06 121-67
j7d 14897 12515 11608 16465 154-77 122:49 130-53 131-69 130-53 122:49
Im" 14897 12520 11610 16470 154-67 122:76 129-29 13825 12929 12276
In 148-34 12520 116:03 16476 152-40 116:61 148-69 124-64 129-71 128-89
Io 148-81 125-53 116:28 165-08 155-39 123-30 124-63 148-58 12463 123-30
11 140-19 127:92 11560 162:43 144-10 124-44 11560 164-38 115-60 124-44

4 5(N(CH3),) = 40-20, ® §(OCH;) = 55-41, € 6(CHj) = 21-52, 9 5(CHj) = 21-26, © the values
in brackets give |"JAN'3C)|, /8(CO) = 19717, 8(CHs) = 2666, ¢ 6(COO) = 166-31,
5(OCH;) = 52:25, * 6(CO) = 197-22, 8(CH,) = 26-76.
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However, in this case the correlation is affected by still greater relative experimental
error than that in Eq. (I). The "J(*°F'3C) values (n = 2, 3, 4) are, within experi-
mental error, independent of the substitution and are equal to 23-0, 9-2, 3-0, respecti-
vely, (in Hz, +0-5Hz). The "J(*°F'3C) values agree well with analogous values
of fluorobenzene®” (—245-07, 21-02, 7-79, 3-20). For compounds Ia—Io we also
measured 7J(**F'3C ,,)) = 0-7 £ 0-2 Hz. From the proton coupled *°’F NMR spectra
we read the values *J('°F'H) = 8-2 + 0-2 Hz and “J(*°F'H) = 52 + 0-2 Hz for
all the measured compounds I (ref.” gives 9-13 and 5-72 for fluorobenzene).

The '*N chemical shifts of the substituted fluoroazobenzenes I were obtained
by '*N NMR measurement at natural abundance. Unambiguaous assignment of N,
and N in 4-fluoroazobenzene was achieved by the measurement of the '*Nj iso-
topomer. The calculated *°N substitution chemical shifts are ’N,—SCS = —5-2
and '’Nyg—SCS = —29 related to trans azobenzene' for 4-fluorosubstitution:
Refs®:? give a rather small number of "J(**F'°N) coupling constants, mainly for
n = 2—5. The "J(*°F'*N) values (n = 2—35) of fluoroanilines and their derivatives
vary within the limits 0 to 1:9 Hz (ref.'®). No SJ(*°F!*N) coupling constant was
observed in 4-fluoroazobenzene (<0-7 Hz), but from both the !*N and '°F NMR

TasLE 11
The values of 1°F chemical shifts (4-0-02 ppm), 19F substitution chemical shifts, coupling
constants *J(1°F'3C) (4-0-6 Hz), and the & values used in the correlations

Compound  6(*°F) Yr.scs J(I°F'3c) O p”

Ia —33:37 271 2490 —0-63
b —31-70 1-04 2510 —0-28
Ic —31-16 0-50 251-8 —0-14
Id —30-86 0-20 251-5 —0:06
Ie —30-66 0-00 252-7 0-00
If —30-49 —0-17 2515 0:06
Ig —29-83 —0-83 2523 0-21
Inh —30-00 —0-66 2529 0-22
Ii —29-87 —0-79 2521 0-22
n —29-65 —1-01 2527 0-36
Ik —29-60 —1-06 2529 0-37
Il —29-24 —1-42 2529 0-44
Im —29:06 —1-60 2527 0-47
In —28-41 —225 2539 071
Io —27-82 —3:04 254-8 0-81

% The values were taken from ref.°.

Collection Czechoslovak Chem. Commun. [Vol. 49] [1984]



62 Ly¢ka, Kavalek :

spectra of (*°N)-4-fluoroazobenzene it was possible to obtain for the first time the
value ®J(*°F'°N) = 2-1 + 0-2 Hz. Table III gives the experimental and calculated
values of !*N chemical shifts of compounds I, the calculation being carried out
with the use of '*N-SCS of the respective substituents' and with the use of 5(*°N)
in trans azobenzene' under the corresponding experimental conditions. From the
point of view of *>N NMR spectroscopy a very good agreement was reached between
the measured and the calculated values of !*N chemical shifts.

The 6(*°F) and/or '?’F—SCS values are often used in studies of substituent ef-
fects'?*12, because the '°F NMR spectra are obtained very easily, are simple and
measurable with high accuracy with respect to favourable relation of experimental
error to the span of values of the chemical shifts. As early as in 1952, Gutowsky
and coworkers observed'? a correlation between '°’F—SCS and o, , for 4- and 3-sub-
stituted fluorobenzenes. Ager and coworkers!*'!3 correlated *°F—SCS in 4-fluoro
-(3'- or 4’-substituted)trans-stilbenes and found a dependence of '*’F—SCS according
to Eq. (3).

19F__SCS = 26770,,, = 0992 3)

In the azo compounds measured the obtained dependence between 5(19F) and o, ,
is given by Eq. (4).

5(*°F) = (3-60 + 0-11) 0, , — (3078 — 0:04), n =15, r =099 (4)

TABLE II1
The measured and calculated values of 1N chemical shifts (4-0-2 ppm) in the compounds I

6(15Na) J(ISNB)
Compound ————— —
found calculated found calculated
Ie° 123-8 — 1261 —
Ieb — — 126-2 —
1a° 92-0 90-0 115-2 114-0
I 109-5 108-5 119-7 1189
Ic€ 117-4 117-0 123-6 1232
If¢ 121-1 120-8 121-1 120-8
104 139-1 1388 1186 1180

% Measured at natural abundance of '>N isotope; b selectively 15N-labelled compound; € mea-
sured at natural abundance level of !N isotope with addition of Cr(acac); (25 mg/ml); ¢ 6(NO,)
—12-8.
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Comparing the slope values of the substituted fluorobenzenes!® with those of com-
pounds I, we find the slope value of the azo compounds about five times smaller,
which is connected with the much greater distance between fluorine atom and the
substituent. Furthermore, the substituent effects were compared, the distance between
fluorine and the substituents being maintained the same. Using the '°’F NMR spectra,
Ager and coworkers!? studied the transfer of electronic effects of a group X through
a group Z in the compounds type 4-F—C¢H;—Z—C,H,—(4-X) (111), where Z means
substituted carbon, oxygen or sulphur atoms. The '°F—SCS values of compounds 111
were correlated with respect to the '?’F—SCS of 4-fluoro-4'-X-trans-stilbenes (Z =
= CH=CH), and the obtained slope values varied within the limits 0-20 (Z = CH,-

N
-CH,) to 3-70 (Z = C=0—H). The same correlation was carried out for the substi-
tuted fluoroazobenzenes I to give the slope value about 1-3 which is almost equal
to that observed for substituted 4-fluorobiphenyls'® (1:36 + 0-20).

To explain the difference between the slopes of trans azobenzenes I and trans
stilbenes 111 (Z = CH=CH), we carried out a calculation using the F and R values
by Swain and Lupton'”. The correlations for the compounds I and for the substituted
4-flucro-trans-stilbenes (the '*’F—SCS values measured in chloroform were taken
from ref."®) are given in Eqs (5) and (6), respectively.

9F—SCS = (=201 + 0:09) F + (—3-60 + 0-23) R %)
n = 10, the F test value = 431-6

19F—SCS = (— 145 + 0-12) F + (=219 + 0'18) R (6)

n =9, theF testvalue = 209-2

The negative values of the coefficients are given by the calculation method of '*F—
SCS and choice of the standard in the measurement of '°F chemical shifts. The larger
numerical values of **’F—SCS of the azo compounds I are due to both the increased
significance of the field constants F and increased significance of the resonance con-
stants R, the participation of the resonance effect being relatively more important.

REFERENCES

. Ly¢ka A.: This Journal 47, 1112 (1982).

. Olah G., Pavlath A., Kuhn O.: Acta Chim. (Budapest) 7, 67 (1955).

. Kavdlek J., Benes J., Socha J., Brtnik F., Ve&efa M.: This Journal 34, 2092 (1969).

. Ewing D. F.: Org. Magn. Resonance /2, 499 (1979).

. Ly¢ka A., Krajtl S.: Unpublished results.

6. Exner O.: Korela¢ni vztahy v organické chemii, p. 75— 76. Published by SNTL, Prague 1981.
7. Brey W. S., Jaques L. W., Jakobsen H. J.: Org. Magn. Resonance 72, 243 (1979).

L S

Collection Czechoslovak Chem. Commun. [Vol. 49] [1984]



Lyc¢ka, Kavalek

12.

13.

14.
15.
16.
17.

. Martin G. J., Martin M. L., Gouesnard J.-P.: >N NMR Spectroscopy, p. 307. Springer,

1981.

. Witanowski M., Stefaniak L., Webb G. A.: Ann. Rep. NMR Spectr. /1B, 468 (1981).
10.
11.

Sibi M. P., Lichter R. L.: Org. Magn. Resonance 14, 494 (1980).

Tribble M. P., Traynham J. G. in the book: Advances in Linear Free Energy Relationships
(N. B. Chapman and J. Shorter, Eds), p. 143. Plenum Press, London 1972.

Ewing D. F. in the book: Correlation Analysis in Chemistry — Recent Advances (N. B. Chap-
man and J. Shorter, Eds), p. 357. Plenum Press, New York 1978.

Gutowsky H. S., McCall D. W., McGarvay B. R., Mayer L. H.: J. Amer. Chem. Soc. 74,
4809 (1952).

Ager 1. R., Phillips L., Tewson T. J., Wray V.: J. Chem. Soc., Perkin Trans. 2, 1972, 1979.
Ager 1. R., Phillips L., Roberts S. J.: J. Chem. Soc., Perkin Trans 2, 1972, 1988.

Ager 1. R, Phillips L.: J. Chem. Soc., Perkin Trans. 2, 1972, 1975.

Swain C. G., Lupton E. C.: J. Amer. Chem. Soc. 90, 4328 (1958).

Translated by J. Panchartek.

Collection Czechoslovak Chem. Commun. [Vol. 49] [1984]



