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The proton magnetic resonance spectra of several acylamino biphenyls were determined. Evidence was
obtained that the proton adjacent to the acylamino group was shifted to lower field relative to the re-

maining ring protons.
Canadian Journal of Chemistry, 47, 1151 (1969)

In a recent paper, Ribera and Rico (1) de-
scribed the deshielding of the ortho proton in the
nuclear magnetic resonance (n.m.r.) spectra of
N-(2-substituted-phenyl)amides. A low-field shift
of the signal corresponding to the ortho proton
was observed only for those compounds which
simultaneously had one free (H) and one occupied
(F, Cl, Br, I) position. The magnitude of the chem-
ical shift in this series varied from 0.86 to 1.04
p.p.m. relative to benzene.

The deshielding effect of a proton adjacent to

an N-acetyl group had been described previously -

in a number of publications. For instance, it was
shown by Carter (2) that the resonance for the
ortho protons in the spectrum of acetanilide was
shifted 0.89 p.p.m. downfield from the correspon-
ding resonance in the spectrum of aniline, by
determining the residual proton spectra of the
partially deuterated compounds. The low-field
shift was attributed primarily to the fact that the
anisotropic carbonyl group in acetanilide points
towards the aromatic ring, with the plane of the
acetamido group and the benzene ring making an
angle of approximately 38° (3). A lowering for the
ortho proton signal was also reported for several
para-substituted acetanilides (4).

A low-field shift arising from the anisotropic
shielding of a neighboring N-acetyl group was
observed in a number of pyridine derivatives.
Briigel (5) showed that acetylation of 2-amino-
pyridine markedly influenced the resonance of
the 3-proton. The chemical shift difference ex-
pressed as Av;—v, relative to pyridine between
2-aminopyridine and 2-acetamidopyridine was
approximately 1.1 p.p.m.

Similar effects have been observed for other
heterocyclic acylamines in which the N-acylamino
group is adjacent to a ring hydrogen atom. In the
n.m.r. spectra of the N-acetyl derivatives of ben-
zimidazoles and purines (6), a constant down-
field shift of about 19 c.p.s. (40 Mc.p.s.) of the
proton adjacent to the acetyl position had been
noted. In 4-N-acetylpyrimidine all the remaining
ring protons are shifted to lower field relative to
the signals for the corresponding 4-amino deriv-
ative; however, by far the most striking effect was
noticed for the adjacent proton (H-5), which was
shifted by 1.5 p.p.m. to low-field (7).

The situation where one of the ortho positions
is occupied exists also in N-acylindoline and com-
pounds related to it. Some years ago it was shown
by Anet (8) that the aromatic proton in strychnos-
permine nearest to the N-acyl grouping (H-12)!
appeared as a doublet at 2.35 T when the spectrum
was taken at about —20°; this corresponded to
that conformation in which the carbonyl group
was preferentially oriented towards the phenyl
ring. The band of the same proton in the opposite
conformation was at about 3.25 1. The low-field
position was ascribed to the strong, magnetic
anisotropy of the carbonyl group. A similar
effect was observed in the n.m.r spectrum of
fruticosin (9), and depended on the steric arrange-
ment of the N,-carbomethoxy group. At —30°
two doublets of different intensity at 8.00 p.p.m.
and 7.55 p.p.m. (100 Mc.p.s.) for H-17* were
observed. In fruticosamin the N-COOCH, group
is conformationally fixed through hydrogen

'This corresponds to H-7 in indoline.



use only.

Can. J. Chem. Downloaded from www.nrcr%archpl):ress.com %3{ UNIVERSITY OF NORTH TEXASLIBRARY on 11/09/14
or person

1152 CANADIAN JOURNAL OF CHEMISTRY. VOL. 47, 1969

bonding; this compound shows a normal doublet
at 7.54 p.p.m. More recently a detailed study by
Nagarajan et al. (10) on the configuration of the
amide bond in N-acylindolines and N-acyltetra-
hydroindolines, clearly indicated that the car-
bonyl group was oriented towards the phenyl
ring as in the case of the low temperature n.m.r.
spectrum of strychnospermine; the proton at C-7
was seen as a broad doublet at 8.22 p.p.m. as
compared to 6.45 p.p.m. in indoline (AS = 1.77
p.p.m.!). In compounds in which the carbonyl
group is rigidly held in the vicinity of a nearby
proton, as in hexahydropyrrolo[l,2-a]Jquinox-
aline (11, 12), a pronounced low-field shift was
again observed.

In connection with some other studies we had
prepared a number of acylamino biphenyl

derivatives:

N
7N
H (|Z‘=O
R

la, R=CH~N O 1f, R =CClL

15, R = CH—N] 1¢, R = CH,F
1c, R = CH, 14, R = CH,I
1d, R = CH,Cl 1i, R = CH,Br
le, R = CHCIZ
CH;3 Br
CH; R R Br

2, R = NHCOCH,(Cl1 3, R = NHCOCH,Cl

4, R = NHCOCH;

The n.m.r. spectra of the various amides were
determined at 60 Mc.p.s. in chloroform-d solu-
tion. It was found, that the resonance for one of
the protons in compounds (1a—i) was shifted
downfield from the corresponding spectrum in 2-

amino biphenyl, ranging from 1.40-1.95 p.p.m.,
(corrected for the diamagnetic anisotropy effect
of the vicinal phenyl ring, see below), represen-
ting a downfield shift of 1.23-0.68 p.p.m. relative
to benzene. Our results are summarized in
Table I. The partial n.m.r. spectrum of compound
1a is shown in Fig. 1.

TABLE I

Nuclear magnetic resonance data for
the ortho proton in N-acyl biphenyls*

Compound T4t T'ul A§
1a 1.28 1.40 1.23
16 1.39 1.51 1.12
1c 1.45 1.57 1.06
1d 1.45 1.57 1.06
le 1.56 1.68 0.95
1f 1.54 1.66 .97
ig 1.70 1.82 0.81
14 1.73 1.85 0.78
1 1.83 1.95 0.68

*Spectra were determined at 60 M c.p.s., using -
0.66 M solutions in CDCl;.

TWith reference to internal TMS, (tTMS 10
p.p.m.).

fAdjusted for adjacent ring current effect: 1’y
=1y 1 0.12.

§S‘:lhift to low field with reference to the chemical
shift of benzene, (t p.p.m. 2.63).

Except for compounds 3 and 4, all derivatives
have one free and one occupied ortho position.
With regard to the orientation of the carbonyl
group, it is clear from our results that this group

" is oriented towards the aromatic ring as in

acetanilide (3), but not necessarily coincident
with it and that the adjacent proton lies in the
deshielding zone of this group. The a priori pos-
sibility that the ortho position in the neighboring
ring might be deshielded because its proximity
(cf. 13), wasruled out by the following facts:

a) The spectrum of the mesityl derivative (2)
clearly showed that the position and the intensity
of the low-field signal had not been altered.

b) In the spectrum of 3 the low-field C—H
proton signal was absent.

¢) In 2-nitro-1-acetamidobiphenyl (4) the N-
acetyl carbonyl group is probably oriented to-
wards the neighboring phenyl ring because of
intramolecular hydrogen-bonding between the
amido proton and the nitro group.? However, the
characteristic low-field signal observed for com-

2The deshielding of aromatic protons in ortho-nitro
substituted acetanilides was recently described in great
detail (14, 15).
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FiG. 1. Partial nuclear magnetic resonance spectrum of 1a, R = CH,-N 0O, in CDCl; at 60 Mc.p.s. (num-

bers are in p.p.m. (7)).

pounds (1a—i) was absent in the n.m.r. spectrum
(CDCl; and (CD3),S0).

It may be concluded, therefore, that it is the
proton next to the N-acetyl group which reso-
nates at lower field.

In order to correct for the influence of the
phenyl substituent on the chemical shift of the
protons in ring A we have used the data given in
the literature. A correction for the contribution
of the halogen atoms to the chemical shift of the
ortho proton was made by Ribera and Rico (1)
using the Smeta values given by Diehl (16). Mayo
and Goldstein (17), who have carried out a de-
tailed proton resonance investigation of biphenyl,
showed that the anisotropic shielding of a given
proton is a function of the dihedral angle be-
tween the two benzene rings. From their work as
well as from a variety of independent evidence
cited in their paper these authors suggested, that
““the chemical shifts in biphenyl are most plausibly
accounted for by a model involving free, or nearly
free, rotation of the rings (in solution) and very
weak interactions between the phenyl groups”.
The diamagnetic anisotropic shielding at each
position was calculated as a function of the
dihedral angle; the corrections were +19.1,
+7.2,and +6.0 c.p.s. at 60 Mc.p.s. (determined

in CHCI,;) for the o- , m-, and p-positions, respec-
tively.?

The freely rotating model may not be strictly
applicable in our series of biphenyl derivatives
since one of the ortho positions is occupied by a
relatively large group. However, since the shield-
ing of the meta protons varies only slightly with
the change in dihedral angle as shown by
Mayo and Goldstein (17), we have taken the
average values of 7.2 c.p.s. for our biphenyl deriv-
atives (1a—i). The correction was not applied for
the mesityl compound (2), since the values for
biphenyl are not necessarily applicable for this
case. However, the general trend for the low-
field shift was clearly observable (cf. Fig. 2).

The methyl protons in compound 2 give rise
to two signals at 2.35 p.p.m. (3 protons) and 2
p-p-m. (6 protons) respectively. The introduction
of three large ortho substituents in 2 widens the
dihedral angle to 70° or greater (18). The effect
of twisting the two phenyl rings almost out of
plane brings the protons of the ortho methyl
groups under the influence of the induced field of
the adjacent ring which accounts for the observed

3An Sm-value of —11+2 p.p.h.m. 40 Mc.p.s., CCl,)
was given by Smith (4).
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Fic. 2. Partial nuclear magnetic resonance spectrum of 2 in CDCl; at 60 Mc.p.s. (numbers are in p.p.m. (1)),

upfield shift of approximately 0.3 p.p.m. For
comparison, the signals for the methyl protons in
2,2’,4,4’-tetramethyl biphenyl, occur at 2.37 and
2.03 p.p.m., respectively (19). On the other hand,
in 4,5-dimethyl-9,10-tetrahydrophenanthrene the--
methyl protons give rise to only-one signal at 2.29
p.p.m. (20). o
From an inspection of Table I, it can be seen
that there is a noticeable change in chemical shift
values within this series of compounds. This is
diagrammatically shown below:

N
VAN
H Cl=0
CHz—'X
O
x={J\/
N N
| | H,Cl FI Br
Lol b
e —_—
downfield upfield

The observed downfield shift of the ortho
proton is due to a combination of the anisotropic

deshielding by the N-acetyl carbonyl group as
well as to electric and field effects of the amide
group, in accord with the general observations
cited in this text. This effect is then further modi-
fied as shown above. Although there is no observ-
able change for the mono-chloro derivative (1d),
additional o-halogenation causes an upfield
shift. However, a direct correlation between this
upfield shift and the size or the number of the
halogen atoms does not exist as shown in Table I;
substitution by fluorine, bromine, or ijodine
results in a noticeable shift to higher frequencies.
On the other hand, a shift to lower fields was
observed for the two compounds with nitrogen-
containing substituents, (la) and (16).* This
variation in chemical shift is rather difficult to
assess. Transmission solely through bonds can-
not alone account for it; both inductive effects
and changes in the magnetic anisotropy of the
C—X bond as well as steric differences and

4Zanger and co-workers, in a recent publication on the
nuclear magnetic resonance spectra of N-acylanilines, (21
and cf. ref. 1) also found no change for the monochloro-
acetyl derivative, and concluded that the nature of the
group attached to the acyl carbon atom has relatively
little effect on the chemical shift of the aromatic protons.
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changes in bond angles are likely contributing
factors and are probably interdependent.®

Experimental

Elemental microanalyses were provided by Dr. C.
Daesslé, Montreal, Quebec, and Dr. A. B. Gygli, Toronto,
Ontario. The nuclear magnetic resonance (n.m.r.) spectra
were determined as 0.66 M solutions in CDCl; using a
Varian Associates model A60-A.

Materials

Compounds (1c-f) and (1i) were obtained by reacting
2-aminobiphenyl (Aldrich Chemical Company) with the
corresponding acetyl halides in DMF at 5-10 °C in the
presence of K,COj;. The mono-iodo compound, (1),
was prepared from the mono-chloro derivative, (1d), by
halogen exchange (Nal-acetone).

Monofluoroacetyl chloride was prepared by the method
of Truce (22). The fluoroacetyl compound (1g), was then
prepared by the method indicated above.

We used the method of Smolinsky (23) for the prepara-
tion of 2,4,6-trimethyl-2’-aminobiphenyl; the latter was
converted into the monochloroacetyl derivative (2) by the
previous procedure.

According to the procedure of Scarborough and Waters
(24) we obtained 3,5-dibromo-2-aminobiphenyl, which
was subsequently converted into the monochloroacetyl
compound (3) in the usual manner.

For the preparation of 2-nitro-1-acetamidobiphenyl
we employed the procedure given by Stepan and Hamilton
(25).

The morpholino- and aziridino-compounds (1a) and
(16) were- prepared by reacting the monochloroacetyl
derivative (1d) with the respective amines.

Characterization data for all compounds are given in
Table II.

SA correlation with other substituent parameters was
not established, because the data are too limited to evalu-
ate the relative importance of these factors accurately.
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