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3C NMR chemical shifts and '3C-'3C
couplings for six specifically labeled [**C)
azobenzenes are reported. Coupling mag-
nitudes depend on the position of labeling
and the nature of the substituents.
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INTRODUCTION

During studies of heavy-atom kinetic isotope
effects in benzidine rearrangements over the
last few years,' it was necessary to prepare
some specifically-labeled [**CJazobenzenes.
13C NMR spectra of the labeled compounds
confirmed the positioning of the label. We
have now been able to use the compounds
for the measurement of *3C—*3C couplings.

MATERIALS

The six specifically labeled azobenzenes and
their *3>C enrichments are listed in Table 1;

syntheses have been reported earlier, as
noted. Samples were sublimed before record-
ing the spectra, with the exception of 2,2'-
dimethoxy[4,4'-13C,]azobenzene, which was
crystallized from absolute ethanol.

The stable form of an azobenzene is the
trans isomer. The cis isomer can be obtained
by ultraviolet irradiation of the trans
isomer.® The compounds listed in Table 1
were predominantly the trans isomers, but
each contained a small amount of the cis
isomer. The cis isomer content of {1,I-1>C,]-
and [4,4'- '3C,Jazobenzene was augmented
by irradiation of their solutions in hexane.

RESULTS AND DISCUSSION

Chemical shift assignments and couplings are
shown in Table 2 (trans isomers) and Table 3
(cis isomers). Data for a cis isomer were
obtained from the spectrum of a mixture of
the cis and trans isomers. In such a mixture
the trans isomer and its '3C signals were
dominant. Because the cis isomer was present
in such low concentration some of its '3C
signals were too weak to be detected, as
noted in Table 3. This applied particularly to
the signal from the C-1 position. The chemi-
cal shifts of azobenzene itself were in good
agreement with literature data.” Assignments
of shifts in enriched azobenzenes were made
by comparison with spectra of the
corresponding  unenriched  compounds.
Assignments for 2,2'-dimethoxy[4,4 -
13C,Jazobenzene were made, in part, by
analogy with data for anisole.!°
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Table 1. Labeled azobenzenes: synthesis and '>C enrichment

Azabenzene
[1,17-73C,;)
[4,4-13C,]

4,4'-Dichloro[4,4’-"3C,]
4,4'-Diiodo[4,4,"-'3C ]
2,2"-Dimethoxy[4,4-'3C,]
[2,2,6,6°-13C,]

['3C,] enrichment (%) Lit.

98*
84°
95°
98°
4b
580

NO O WN

a Calculated from enrichment of precursor [2-'3C] acetone.
b |sotopic enrichment determined by whole-molecule mass spec-

trometry.
¢ ['3C,] enrichment.

© 1991 by John Wiley & Sons, Ltd.

The !3C signals of the carbon atom in
position 1 were weak (except for [L,1-
13C,Jazobenzene), because of the long relax-
ation times of quaternary carbon atoms. The
chemical shifts of the carbon atom in position
4 depended on the nature of the substituent
at that position. Iodine atoms in trans-4.4'-
diiodo[4,4'-13C,Jazobenzene  caused an
upfield shift of the signal of the C-4 atom
from ca. 131 ppm (for unsubstituted
azobenzene) to ca. 98 ppm. This upfield trend
is attributable to the heavy atom effect {a
large diamagnetic shielding contribution).!*
Chemical shifts of carbons in positions 2 and
3 in symmetrical azobenzenes were spaced
closely together, with the exception of trans-
4,4'-diiodo[4,4'-*°C,]azobenzene.  Shifts in
2,2'-dimethoxy[4.4'-!3C,Jazobenzene  were
different from those in the other compounds
owing to o-methoxy substitution. Where a
multiplet occurred in a spectrum, a signal
appeared at its center, arising from the atom
in the corresponding naturally occurring
compound. The relative intensity of this
central signal depended on the extent of
enrichment. Enrichment of an azobenzene at
a specific carbon atom caused small (up to
0.16 ppm) upfield shifts in the signals from
other carbon atoms in the molecule, as com-
pared with the corresponding signals in the
naturally occurring compound. This effect
was discernible even three bonds away.

Although !°C couplings can be measured
with the low natural abundance of unen-
riched compounds and INADEQUATE
experiments, the procedure is laborious and
extremely time consuming. With specifically
enriched compounds, particularly with the
highly enriched compounds such as we have
used (Table 1), spectra and coupling con-
stants can be obtained with relative ease.

In benzenoid aromatics, J couplings vary
from 50 to 65 Hz!%!2 and generally increase
with the replacement of a hydrogen atom
with an electronegative group. In our series
of 44'-disubstituted-[4,4'-*3C,Jazobenzenes,
1J(43) increases from 56 Hz (unsubstituted)
through 61 Hz (4,4-diiodo{4,4'-13C,]Jazo-
benzene) to 65 Hz (4,4'-dichloro[4,4'-
13C,Jazobenzene). Also, a change of the
labeling position in unsubstituted azoben-
zenes from the 4-['J(43) = 56 Hz] to the 1-
position (electronegative azo group) causes
an increase in 'J [1J(12) = 67 Hz]. Labeling
in the 2-position ([2,2',6,6'-'3C,Jazobenzene)
leads to two different 'J couplings,
1J(21) = 64 Hz and 'J(23)=57 Hz, the
higher *J(21) being attributable to the pre-
sence of the electronegative azo group at the
1-position.

Geminal '*C-*3C couplings (i.c. through
two bonds) have small values of up to ca. 3
Hz.!%'2 In the labeled azobenzenes we did
not always observe these couplings; in some
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Table 2. '*C NMR shifts (ppm) and '*C-">C couplings (Hz) of trans-azobenzenes*

Azobenzene Cc-1 Cc-2 c-3 c-4
Unlabeled 152.51 122.78 128.93 130.84
s 3 s s
[1,1°-13¢C,] 152.67 122.83 129.07 130.97
s dd s b
'J(12) =67
4J(1'2) =4
[4,4'-3C,] 152.67 122.83 128.98 130.97
d d d s
3J(41)=9 2J(42) =2 1J(43) =56
4,4’-Dichloro[4,4’-13C,)] 153.24 124.18 129.35 137.22
d s d s
3J(41) =9 'J(43) =65
4,4'-Diiodo{4,4'-'3C,] 151.73 124.53 138.42 98.12
d d d s
3J(41) =10 2J(42) =2 1J(43) =61
2,2'-Dimethoxy[4,4’-'3C,]° 156.94 143.05 112.64 132.28
s [ d S
1J(43) =58
[2,2,6,6-'3C,] 152.61 122.81 129.06 130.96
t s d-d t
'J(21)=64 1J(23) =57 2J(24)=3
3J(63)=8

2 Resolution for the {1,1°-'3C,] and [2,2",6,6'-'3C,] cases was 0.2 Hz per point. Resolution for
other cases was 0.9 Hz per point.

® AA'X triplet with spacing 4.4 Hz.

©Qthers: 120.64, d, 'J(45) =56 Hz, C-5;117.62, s, C-6;56.41, s, OCH,.

Table 3. '3C NMR shifts (ppm) and '*C-"3C couplings (Hz) of cis-azobenzenes*

Azobenzene c-1 Cc-2 c-3 C-4
Unlabeied® 153.6 120.5 128.7 127.3
s [ s [
[1.1°-13C,] 153.41 122.48 128.69 127.32
s dd s ¢
1J(12) =64
4J(1’2) =3
[4,4-'3C,) 120.49 128.72 127.31
d d d s
2J42)=2 1J(43) =52
4,4-Dichloro[4,4'-'3C,] 121.92 13352
a s ¢ s
4,4'-Diiodo[4,4'-3C,] 122.24 138.06 93.14
d d d s
2J(42) =3 1J(43) =61
2,2'-Dimethoxy[4,4'-'3C,]* 111.42 128.52
d d Ss s
[2,2°,6,6-'3C,] 120.48 127.45
d s d br.s

* Resolution for the [1,1°-'3C,] and [2,2',6,6’-'3C,] cases was 0.2 Hz per point.
Resolution for other cases was 0.9 Hz per point.

®Ref. 9.

° AA'X triplet with spacing 4.4 Hz.

9 Not seen.

°This should be a doublet but only a singlet was found from the unlabeled com-
pound (low '3C enrichment).

* Others: 120.18, 5%, C-5; 118.88, s, C-6; 65.55, 5, OCH;.
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cases we observed a broad signal instead of
the expected doublet. Vicinal 13C-'3C coup-
lings (through three bonds) have magnitudes
varying up to 16 Hz'®!'2 and approximating
9 Hz in aromatics. Our results agree well
with this.

An  interesting case is trans-[1,1-
13C,Jazobenzene. Because of the close dis-
tance between the identically labeled carbon
atoms, this spin system can be described as
AA’X, where the AA’ parts are the labeled
carbons at the 1- and {’-positions. The *3*C
signal of the C-4 atom (X part) is a triplet
with a spacing of 4.4 Hz (this spectrum was
recorded with a resolution of 0.206 Hz per
point). Theoretically, this spacing should be
equal to (1/2)J,x + Jox),'? where J,y is
3J(14) and J .5 is J(14). From the spectrum
of [44-'3C,Jazobenzene, where 3J(41) =9
Hz, we can speculate that J,, will have a
similar value and that °J(1'4) in [1,1-
3C,Jazobenzene is therefore small (not
larger than 0.1 Hz) and presumably of
opposite sign to 3J(14) (presumably negative,
because *J in aromatics is generally
positive).'2 The '3C signal of C-2 in [1,1-
13C,Jazobenzene is the X part of another
AA'’X system but, in contrast, is a dd, in
which 'J(12) = 67 Hz and *J(12)=4 Hz
The contrast between this coupling and the
X pattern for C-4 arises from the sizes of the
coupling constants ['J(12) and *J(1'2)],
which apparently do not fit the condition
for an AA’X triplet, namely that
[J(12) — J(1'2)] € J(11)'? [we were unable
to determine 3.J(11)].

EXPERIMENTAL

!H-decoupled '3C NMR spectra were
recorded for solutions of ca. 10 mg of com-
pound in 0.8 ml of CDCl; in S-mm tubes at
room temperature, with a Bruker-IBM
AF-300 (75469 MHz) Fourier transform
NMR spectrometer equipped with an Aspect
3000 computer and using DISNMR version
87 from the Bruker Software Library. Spectra
were recorded in the Fourier transform mode
using a deuterium lock. Chemical shifts are
expressed in ppm relative to TMS, but were
measured to the central solvent peak at 77.00
ppm. Typical conditions were as follows:
64 K data points, spectral width 29412 Hz,
digital resolution 0.898 Hz per point, pulse
width 4.4 us (90°), acquisition time 1.114 s,
pulse delay 1-20 s and 200-4000 scans.
Spectra of [1,1,- *3C,]Jazobenzeneand [2,2'6,
6'- 13C Jazobenzene were also recorded with
a sweep width of 6757 Hz, resulting in a
digital resolution of 0.206 Hz per point.
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A series of ten (F)-stilben-4-ols,
HOPhCH=CHPhX, with X=H, 4'-Cl, 4'-F,
4'-Me, 4'-OMe, 3'-Me, 3'-OMe, 3'-OH,
3'-F and 3',4-diOMe, were studied using
one- and two-dimensionai NMR tech-

niques. Interpretation of these spectra ted
to definitive assignments of all carbon and
hydrogen chemical shifts. '"H chemical shift
increments were quantitatively determined
for the five substituents studied, and the
para A, value of the styry! group was found
to be more deshielding than those recorded
in previous reports.
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INTRODUCTION

Stilben-4-ols have been studied for their role
in the natural durability of wood,! for growth
inhibitory activity in liverwort gemmaling
assays? and for their anticonvulsant proper-
ties.> Very few 'H NMR data have been
reported on stilben-4-ols because of the com-
plexity of the aryl region. Wyrzykiewicz et
al* assigned the '3C NMR chemical shifts
for a large number of (E)-hydroxyazastilbenes
and included stilben-2-, 3- and -4-ol in the

study. In this study the complete 'H and '*C
chemical shift assignments for a series of ten
4’- and 3'-substituted-stilben-4-ols are report-
ed. The use of various two-dimensional (2D)
NMR techniques allowed definitive assign-
ments to be made.

EXPERIMENTAL

The synthesis and physical properties of
stilben-4-ols 1-7 and 9-10 were reported pre-
viously,' and 3-hydroxystilben-4-ol (8) is also
a known compound.® All spectra were
obtained on a General Electric QE-300 spec-
trometer at 22 + 1°C, observing 'H and !'3C
at 300.67 and 75.61 MHz, respectively. NMR
samples contained ca. 40 mg of each stilbenol
in 0.5 ml of acetone-d; containing 1% of
TMS. 'H spectra were collected into 32K
data sets over a spectral width of 6 kHz using
a 30° pulse. *3C spectra were collected into
32K data sets over a spectral width of 20 kHz
using a 40° pulse and were processed using



