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Dipole moments of nine aromatic hydroxamic acids Ja—I/i and of nine N,O-diacylhydroxylamines
Ila-—IIi were measured in dioxan solution. The results for hydroxamic acids are interpreted
in terms of the Zsp conformation (A) with an intramolecular hydrogen bond contributing con-
siderably to the total dipole moment; the conformation is similar to that of peroxy acids but the
hydrogen bond is weaker. A similar interpretation is possible for N-phenylbenzhydroxamic
acids using the dipole moment data from the literature. New data for N,O-diacylhydroxylaminc
agrce with the previously established nonplanar conformation (L). If axially unsymmetrical
aryl groups are present, they take one of the two coplanar positions independently of the other
moiety; hence the effective dipole moments do not differ too much from the assumption of a sta-
tistical population of all conformations.

Within a broader programme!'? devoted to synthesis and physical properties
of hydroxamic acids I and their O-acyl derivatives I, we have proceeded to reinvesti-
gating and extending the dipole moment data. Previous studies on hydroxamic
acids®* need a reexamination for several reasons. The experimenta) data are scanty
and the original value for benzhydroxamic acid® was in error*. This is why even
the interpretations in terms of conformation were inexact: Either a nonplanar
conformation® intermediate betwcen B and A, or the hydrogen bonded form 4
with strong liberations around the N—O bond* were preferred. However, the meso-
meric moment within the O=C—N grouping was not properly accounted for in the
calculations, and a possible moment originating in the hydrogen bond was completely
neglected. Therefore, the agreement of experimental and calculated values was
only fair’**. We are now able to resume these calculations since the mesomeric
moment has been studied in more detail on amides and NN-dxmethyalnudes

* Part XXIII in the series Acyl Derivatives of Hydroxylamine; Part XXII: J. Chem. Soc.
Perkin Trans. 2, 1980, 1051.
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while the effect of the hydrogen bond has been proven on a-hydroxy ketones® and
on peroxy acids’.

In the case of N,O-diacylhydroxylamines (I7), the solution conformation (L)
was established from dipole moments relatively reliably®, mainly due to the pos-
sibility of introducing substituents from either side. It agrees well with the principle
of relative conformational independency on individual bonds®: since the conforma-
tions of esters, monosubstituted amides and peroxides reappear in the three moieties
of L. The same conformation was also found more recently in the crystalline state'®
and agrees essentially with the *H-NMR investigation'' of N-alkyl derivatives
of 11. Hence we see no reason why this conformation of N,O-diacylhydroxylamines
should be revised and use in this paper these compounds merely as a further example
to demonstrate the independent behaviour of two remote groups.

(o]
R—c?’ R—cZ
“NH—OH NH—0—CO—R’
p 7

EXPERIMENTAL

Materials. Most of the compounds (Table 1) were the same as used previously''2, the re-
maining ones were prepared by standard methods: pyridine-4-carbhydroxamic acid!'? (1h).
furane-2-carbhydroxamic acid'? (Ii), N-(3-Nitrobenzoyl)-O-(4-chlorobenzoyl)hydroxylamine
(Ile), m.p. 155°C (ethanol); for C;4HgCIN,O4 (320'7) calculated: 8-74%; N, found: 8-:83%; N.

Physical measurements. The procedure of mcasurement® and the constants of the dioxan
solvent” were reported previously. Molar refractions were calculated from standard increments!®
with an exaltation'® of 0-7 cm® for the conjugation of each CO group with the aromatic nucleus.
The results are assembled in Table I.

Calculations. The dipole moments anticipated for individual conformations were calculated
from the following bond moments'® (1073¢ C m): H.—C,; 1, H—C,, 0, C—0 2:47, C=0 8:33,
C--N 15, H—0 5-0, H—N 4:37, C,,—Cl 5-33, C,-—Br 5:23, C,—NO, 13-33, in addition a meso-
meric correction of 0:83 for the conjugation CgHg--COO; the conjugation within the CONH
group and the conjugation of this group with the benzene ring are discussed in the next part.
For the pyridine and furan rings the valucs of 74 and 2:3, respectively, were adopted, equal
to the experimental dipole moments' S of pyridine and furan. The moment of an aromatic me-
thoxy group was reassessed to 4-17 (at an angle of 74° to the C,,—O bond) according to experi-
menta] dipole moments! ¢ of methoxybenzene and its 4-methyl, 4-chloro, and 4-bromo deriva-
tives; compare the preyiously used'” values 3-33 and 74°, The moment of an aromatic hydroxy
group ® (5:17) is practically perpendicular to the C,—0 bond!8,

The following bond angles were used: O=C—N 123°, C—C—N 115°, C—N—O 117°,
C—N—H 125°, N---O—H 105°, N---O—C 113°, 0=C—0 123°, C.~C—O 111°. Thecse figures
are based mainly on X-ray data' %1% the difference against the standard values used prcviously3
is not essential.
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RESULTS AND DISCUSSION

The dipole moments of hydroxamic acids (Table I) can firstly serve to determine
the group moment of the —CONHOH grouping by means of axially symmetrical
substituents with known moments. In geometrical terms it means to construe a triangle
given its three sides, this is done for each substituent separately. We obtained a good
coincidence with substituents H, 4-Cl, 4-Br, 4-NO, (compounds Ia —Id), the resulting
vector amounted to 12-1 at an angle of 67° to the C(;;—C bond. (All the dipole
moment values are given in units 1073° C m.). The remaining derivatives Ie, Ih, Ii
are less important for determining the group moment since the substituent dipoles
are not known with a sufficient reliability. In addition, the unsymmetrical substitution
in Je and Ii gives rise to two conformations the population of which must be estimated.
On the whole, the compounds Ie, Ih, Ii are only in rough agreement with the above
group moment.

C%O lil —C¢0 __C/O —C’//O
—cZ 4 “~ ~
—0 N—O, N— N—
- < H H—0
~H
Zsp Zuap Esp Eup
A B C D

In Fig. 1 the experimental moment of the CONHOH group is compared with those
anticipated for the individual conformations. Like in previous studies®* we took
into consideration first only planar forms A— D which differ in the conformation
around the partial double bond C—N (Z or E) and in the conformation around
the N—O bond (sp or ap). In the calculations according to the bond moment sche-
me'’ two mesomeric moments were included: one (m,) representing the conjugation
C4Hs—CONH, the other (m,) the conjugation N—CO within the functional group.
The same value of m, (0-83) was used as previously®>; it is substantiated by com-
parison® of aliphatic and aromatic amides. For final conclusions this small value is
not significant. Much more critical is the mesomeric moment m, since it is by far not
constant in differently substituted amides®. Regarding the electron attracting substitu-
tion on N, we used tentatively the value m, = 1, lower than in unsubstituted amides®
and much lower than in N,N-dimethylamides®. Inspection of Fig. 1 reveals a marked
divergence between the experimental point and all the calculated points, which
cannot be remedied by modifying the value of m,. There is only one solution viz.
the Zsp-conformation (4) with a significant supplementary moment (k) arising from
the intramolecular hydrogen bond.

In two similar molecules with a five-membered chelate ring, significant but variable
contributions of the hydrogen bond to the gross dipole moment were found, viz. 4-5
in a-hydroxyacetophenone® and 8-3 in peroxybenzoic acid’. However, the direction
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TABLE I

Polarization and Dipole Moments of Hydroxamic Acids 7 and N,O-Diacylhydroxylamines I/
(Dioxan, 25°C)

No e P‘;’ N on 5) 10
Substituents Vd Rp? ™ mol  (15)° 107°°Cm

Hydroxamic acids X—C4H,CONHOH

la H ’ 12:45 312 12:24
0202 366 121
b 4-Cl 860 284 14
015 as 113
le  4-Br 662 271 111
—0-398 444 11:0
1d  4NO, 12:56 41 141
—0316 429 141
Je 4-OCH, 11-56 353 12:9
—026 435 12:8
If 2-OH 15:56 425 145
—024 383 144
lg 2-0CH, 17-30 510 15:9
—0272 435 158
Ih 4-(CsH,N)CONHOH 770 206 96
0202 346 95
li 2-(C,H,;0)CONHOII 12:42 277 116
—0-504 28-7 11-5

N,O-Diacylhydroxylamines X—CgH,;CONHOCOC H,—Y

Ila H 135 691 183
3-NO, : —0-31 72:6 18-2
b H 5-70 316 11-4
4’-OCHj —0-194 732 11-2
Ile 3-NO, 7-10 391 131
H —0:29 72:6 13:0
Ild 4-OCH, 5-98 313 11-4
H —0-388 732 11-2
Ile 3-NO, 8:36 512 153
4-Cl —0-21 775 152
11/ 3-NO, 20-3 1153 24-2
3-NO, ’ —0:49 789 24-1
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TapLe I
(Continued)
No o P9 3 1 ou(5F 10-3°¢
Substituents p° Rp? ™ mol u(15)¢ m

1llg 4-NO, 504 312 112

4-NO, —0-59 789 11-0

1Ih  4-NO, 13-30 760 192

4'-CH, —023 795 191

1li  C4H;CH,CONH 526 264 102

|
CgH;CO0 —0-394 70-2 100

“Slopes of the plots e,, vs w, and dlz US Wy, respectively; ? calculated from incrcmcnts, see

Fxpenmcntal € correction for the atomic polarization 5%, or 15, of the Ry v(\]ue previously

we reported® an erroneous value of 151, the new determination agrees with ref.%; €in ref.>*

the values 14-4 and 13-3, respectively, are given.

of the vector was the same in either compound (— 164° with respect to the H—O
bond). A vector of this dircction and of an intermediate absolute value (6-4) has been
plotied in Fig. 1 (denoted h’) and bears near to the experimental point. An acceptable
hypothesis would be that the hydrogen bond contribution has actually a similar
value (h = 61, Fig. 1) but a somewhat divergent direction at an angle of —140°"
to the H—O bond. This interpretation seems rather arbitrary but we believe that
it is the only possibility how the agreement with experimental results can be reached.
Note that two assumptions were necessary concerning the values of m, and h
which are known to vary considerably with the structure. By a lucky chance, however,
these two vectors are almost of the same direction giving the result some reliability.
Actually, the mesomeric moment m, might be somewhat higher than our first estimate,
say 2—2-5 and the hydrogen bond term h accordingly lower, viz. 5:1—4-6. Similar
values are quite approximate, nevertheless, the conclusion seems warranted that
the hydrogen bond in hydroxamic acids is weaker than in peroxy acids’.

Previously we discussed® the dipole moments of hydroxamic acids in terms of an
cquilibrium A4 = B, or of nonplanar conformations, transitory between A4 and B.
Besides smaller variations in calculation and in experimental values, the funda-
mental difference compared to the present work was ncglecting of a possible effect
of the hydrogen bond. Barassin, Armand, and Lumbroso* neglected this effect,
too, and calculated the anticipated dipole moment by an alternative formal procedure
based on model compounds instead on bond moments. They preferred the form 4
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with librations around the equilibrium position, but the agreement with experiment
was very bad. In fact a decision is relatively difficult on the basis of dipole moments
alone. In a conventional graph®® (Fig. 2) are plotted the squared dipole moments
of compounds Ja—Id, calculatcd and found. Evidently the experimental points
do not match any of the calculated ones. An equilibrium of the forms 4 (Zsp) and
B (Zap) would require the experimental point lying on the connecting line; this
hypothesis cannot be rcjected with an absolute certainty, taking into account the
inaccuracy of the calculation and several assumptions made. The theoretical values
based on model compounds* do not work better and in fact suggest a conformation
between Esp and Eap, rather than Zsp. If the possibility of an intramolecular hydro-

M\
= x{_¢

W

FiG. 1
The Dipole Moment of the —CONHOH.
Group and its Analysis in Terms of Con-
formation

Shown are the experimental group moment
(hatched circle), moments calculated for the
conformations Zsp, Zap, Esp, and Eap
(A—D), the bond moments including the
mesomeric moments (m,, m,) and contri-
bution of the hydrogen bond (h — actual,
k" — anticipated with respect to perbenzoic
acid).

Fre. 2

Comparison of Squared Dipole Moments
of Hydroxamic Acids Ja—Id, Calculated and
Experimental

Full points calculated (this work), empty
points calculated (ref.%), hatched circle expe-
rimental, dashed arrows-effect of the hydro-
gen bond; on the x-axis bsnzhydroxamic
acids la, on the y-axis substituted benz-
hydroxamic acids 1b—-Id.
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Dipole Moments of Hydroxamic Acids 135

gen bond is considered, an additional uncertainty enters the calculation. The sup-
posed effect within the limits of values 4:5—63 (—164° + 25° to the H—O bond)
is shown in Fig. 2 by broken arrows. A coincidence with the experimental can be
reached but the arbitrarines is of consequence. Therefore, an independent proof
of the hydrogen bond would be advisable. The infrared spectra of benzhydroxamic
acid arc difficult to study in less polar solutions?!2? but evidence was obtained with
dodecanhydroxamic acid in tetrachloromethane solution®. The spectrum of benz-
hydroxamic acid in dioxan?? suggests that the intramolecular hydrogen bond could
persist even in this solvent; this view is corroborated by the behaviour of peroxy-
benzoic acid in benzene and in dioxan’. In conclusion, there is at least an important
supporting evidence of the hydrogen bond.

Comparison to peroxy acids enables us to deal with the effect of solvent even on the dipole
moment values themselves., Barassin, Armand, and Lumbroso® applied a correction of 2.
.1073% C m to account for the effect of dioxan. This is not warranted in our opinion since substi-
tuted peroxybenzoic acids show equal dipole moments in dioxan as in benzene’. Even with
N-phenylhydroxamic acids?3 the solvent effect is negligible in most cases. Hence we used the
system of bond moments'S, derived essentially from measurements in benzene, without any

particular correction. It is true that this reasoning assumes the presence of an intramolecular
hydrogen bond in all the compounds considered.

H,C\0
0 H O
~ C,
— N—O . \ |
' —0
O H
CH;,
u=112 u=16.1
F G

The two ortho-substituted benzhydroxamic acids, If and Iy, present additional problems
concerning the conformation of the substituent. It follows that their dipole moments are com-

O—H o o
0

7 A T Y S
C\ | . \ | \, o
= N—O N—0 N

H H /0 H

H
u=137 u=12.6 u=16.5
H J X

patible with the conformation 4, but add only little evidence in its favour. In Ig two coplanar
positions of the methoxy group are sterically admissible: F or G. The experimental data favour
clearly G, stabilized possibly by another hydrogen bond which, however, does not make itself
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felt in the dipole moment value. The hydroxyl group of If can takc three coplanar positions
H—K. Again the form with the second hydrogen bond (/) seems most probable. The agreement
with experiment is not perfect and we can hardly estimate to which extent one hydrogen bond
weakens another one on the same acceptor atom?*,

In the light of the results obtained we can attempt a reinterpretation of the dipole moments
of substituted N-phenylbenzhydroxamic acids?? (111). The merit of these compounds is their
better solubility allowing the measurement in benzene. An intramolecular hydrogen bond has
been well evidenced by IR spectroscopy in the case of N-phenylacethydroxamic acid in tetra-
chloromethanc?’ and can be rcasopably assumed in other N-phenyl derivatives in benzene. Note
that the hydrogen bond of N-methylformhydroxamic acid is partly broken already in chloro-
form2®. Four substituents (H, 4’-CH,, 4-Cl, 4’-Br) in the molecule of /I/ allowed us to construe
a graph (Fig. 3). The experimental group moment (11-5 at an angle of 35° to the Ciy—C bond)
differs mainly in dircction from that of the unsubstituted —CONHOH group). When calculating
the dipole moments of individual conformations, the mesomeric moment m, is to be further
reduced with respect to the crossed conjugation on nitrogen. We believe that it can be taken
as zero. Similarly as in Fig. 1, none of the calculated vectors matches the experimental result.
This finding again does not depend on a particular value of m, and allows the only explanation:
the form A4 with an extra dipole moment (k) of the intramolecular hydrogen bond. Even the
absolute value of the latter moment (5'7) is similar as in Fig. 1 but differs in the direction (163°
to the H—O bond). Regarding the inhcrent inaccuracy we do not give too much credit to similar
differences. We can only concludc that the intramolecular hydrogen bond in hydroxamic acids
and N-phenylhydroxamic acids as well as in a-hydroxy ketones® and peroxy acids” gives rise
to a dipole moment oricnted roughly in the O—H direction, with the negative end toward hydro-
gen. z‘he disagrecement of this orientation with current theoretical concepts was already noti-
ced®7.

o}
cai—c”
o “N—oH
/
X— CH;
1

As mentioned in the introduction, the conformation L of aromatic N,0O-diacyl-
hydroxylamines is well established'°+!1, The dihedral angle t has a value of 70° +
+ 10° according to our treatment of dipole moment data® (in dioxan) while the X-ray
analysis'® of three derivatives rcvealed 80°, 79°, and 88°, respectively. Therefore,
our new results (Table I) will be discussed in terms of this conformation and atten-
tion will be only paid to the independence, or possible dependence of groups at-
tached to each benzenc nucleus. We can assume as a reasonable approximation
that each benzene ring is coplanar with the adjoining C=0 bond. The deviations
from planarity are small even in the crystalline state unless an ortho substituent
is present'®, Hence there are two possible conformations of a meta derivative (e.g.
1lc,I1e) viz. with the substituent in the position 3 or 5, respectively; similatly the
substituent in the second moiety (e.g. in I1a) can take the position 3’ or 5.
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If meta substituents are present in either nucleus (/If), the number of possible
conformations is four. A methoxy group in the para position is assumed coplanar
with the ring and in this case gives risc to the same number of conformations as a

Esp X
F1G.3

The Dipole Moment of the —CON(C4Hg).OH Group and its Analysis in Terms of Conformation
See Fig. 1 for descriptive details.

30 ? -

FiG. 4 ; lagy ®4-NO, 1
fh

Comparison of Experimental and Calculated ‘o ”’-’*) ./ iih
Dipole Moments of N,O-Diacylhydroxyl- 9 NG,
amines d. g /Q cl !

® Axially symmetrical substituents with /| ‘ ‘
one conformation only, © angular sub- g H" ! I
stituents, statistical populations of con- 10 pER | T
formations, © angular substituents, indi- | Q

vidual conformations. The straight line has
unity slope, the dihedral angle 7 == 70"
assumed always. : :
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meta substituent. In all the cases the rotating groups are rather apart and their electro-
static interaction? is negligible. Hence one can anticipate that their conformations
are populated almost equally.

We have calculated the expected dipole moments for the molecules Ila—11i,
with the dihedral angle = = 70° and in the respective conformations, in addition
also for the four derivatives studied previously® (N,O-dibenzoylhydroxylamine
and its 4-nitro, 4’-nitro and 4'-chloro derivatives). The results are compared with the
experimental values in Fig. 4. Good agreement is found for the five para derivatives
(ful] points) which do not allow any conformational equilibrium. For the remaining
compounds the assumption of equally populated conformations (halved points)
is not far from the reality but is mostly not fulfilled exactly; thc agreement is worse
than in structurally similar dibenzoylperoxides®®, Nevertheless, the experimental
value in Fig. 4 is always situated between the limits for the possible conformations.
In addition to many inaccuracies inherent in the whole procedure, one can admit
that even the dihedral angle 7 need not be quite constant in all the derivatives. This is
particularly probable in the case of the compound IIi not included into Fig. 4,
but a more exact determination would require still further arylaliphatic derivatives.
‘We conclude that the principle of conformational independency of remote groups
can be confirmed only roughly on the basis of compounds I1.

Thanks are due to Mrs M. Kuth i for skilful technical assi. e.
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