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STRUCTURAL STUDIES BY NUCLEAR MAGNETIC
RESONANCE—XV
CONFORMATIONS AND CONFIGURATIONS OF OXIMES!

G. J. KARABATSOs and R. A. TALLER
Department of Chemistry, Michigan State University, East Lansing, Michigan

(Received in USA 21 September 1967, accepted for publication 6 November 1967)

Abstract- Conformations and configurations were assigned to oximes of several aldehydes and ketones
from analysis of their 60-Mc. NMR spectra. Interpretation of the spin-spin coupling data from the cis
isomers (hydroxy ¢is to hydrogen) of the aldoximes in terms of rotamers I and I, whereby a single bond
eclipses the double bond, led to the following : For-a-monosubstituted acctaldoximes, when R was changed
from methyl to t-butyl, AH® for I # II varied from +3500 to +4,500 cal/mole. The a,a-disubstituted
acetaldoximes behaved similarly. 1nterpretation of the analogous data from the trans isomers led to the
conclusion that, whereas the eclipsing conformation XII is the most stable conformation of the a2~
disubstituted acetaldoximes, both eclipsing X1II and bisecting XIV conformations, or other conformations
in-between the two, are important. From the chemical shift data, the s-cis conformation about the N-—QO
bond is excluded as the equilibrium conformation of the oximes.

ReCeNTLY? 3 we investigated the effect that Z has on the relative stabilities of I and II
and found that AH®,..;; becomes more positive as the electronegativity of Z increases.

N/Z N/Z
NG N
R
I 11

Our interests in problems arising from restricted rotation about single, double
and partial double bonds, and particularly in the general problem of the relative
stabilities of I and 11 as functions of Z and R, have led us to examine the NMR spectra
of oximes (Z = OH). We wish, therefore, to present our results and compare them with
those of oxime O-methyl ethers.?

RESULTS

Chemical shifts. In Table 1 are summarized the chemical shifts of few representative
oximes. The rotation used to distinguish the various protons is shown in IIl. Each

proton is referred to as cis or trans with respect to the OH group. Assignments of
hydrogens as cis and trans are based on arguments given previously.* The chemical
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shifts, calculated from first order spectral analysis, are accurate to +0-03 ppm,
except those of ethyl, isopropyl and cyclopentyl groups, whose accuracy is less.

In Table 2 are listed the differences in the chemical shifts of cis and trans protons,
Aé, which are accurate to +0-001 ppm. A positive Ad means that cis protons resonate
at higher fields than trans, a negative the reverse. The pertinent points are: (a) H,
resonates at lower fields when cis to the hydroxy than when trans (A ~ —0-7 ppm).
(b) Whereas a-methine protons resonate at appreciably lower fields when cis than
when trans (A ~ —0-8), a-methylene protons do so to a smaller extent (Ad ~ —0-2)
and a-Me protons show insignificant differences. The same trend was observed with
the oxime O-methyl ethers.? In all cases Ad values are more negative in benzene
than in neat solution.

In Table 3 are summarized several Av (vVi,cm, — Vincal) Values. A negative Av
means that a proton resonates at a lower field in benzene than in carbon tetrachloride,
a positive reverse. The most striking feature of the data is the lower field absorption
of several protons in benzene, which generally causes upfield shifts, than in carbon
tetrachloride. The features pertinent to subsequent discussion are: (a) Whereas both
cis and trans a-methyl and a-methylene protons are shifted upfield, cis a-methine,
but not trans a-methine, protons are shifted downfield. Notable exception is the
cis a-methine of the isopropyl t-butyl ketone derivative. (b) Whereas both cis and
trans B-methyl protons are shifted upfield, the cis isopropyl methyls of the isopropyl
t-butyl ketone derivative and the cis t-butyl methyls of the di-t-butyl ketone derivative
are shifted downfield.

Figure 1 shows how benzene dilution affects the chemical shifts of the various
alkyl protons of butanone oxime. It is noteworthy that trans protons are shifted
further upfield than cis protons. Thus, in this respect, oximes behave like those

0-25

A5 015
PPm

0-10

0-05

0-00

Mole % butanone oxime

FiG. 1 Effect of benzene on the chemical shifts of butanone oxime.



3352 G. J. KARABATSOS and R. A. TALLER

TABLE 4. syn AND anti PERCENTAGES AND AGj, FOR syn & anti OF OXIMES*

R,R,C=NOH
R, R, o, syn® % anti AG?,o (Kcai/moie)

H CH, 39 61 -027
H CH,CH, 56 44 +015
H CH,CH,CH, 54 46 010
H CH,CH(CHS,), 52 48 005
H CH,C(CH,), 61 39 027
H CH,C¢H* 54 46 010
H CH(CH,), 73 27 061
H CH(CH,)CH,CH, 70 30 051
H CH(CH,)XCH,),CH, 67 33 043
H CH(CH,CH,), 67 33 043
H CH(CH,CH,XCH,);CH, 67 33 043
H CH[CH(CH,),], 7 29 055
H 64 36 035
H <:> 70 30 0-51
CH, CH,CH, 74 26 064
CH, CH(CH,), 91 9 141
CH, C(CH,),* 100 0 >27
CH, CH,CH,* 74 26 064
CH, CHy 94 6 168
CH,CH, CHy 92 8 1-49
CH(CH,), C(CH,),* 100 0 >27

4 Data from neat liquids. b syn is the isomer having the hydroxy cisto R,. ¢ Data

from 109 solns in MeCN and CCl,. 4 Data from 10% solns in CCl,. ¢ Data from
50% solns in CCl, tetrachloride.

compounds that bear no acidic proton in Z, e.g. nitrosamines,* oxime O-methyl
ethers? and N-methylphenylhydrazones, rather than like those that do contain an
acidic proton in Z, such as phenylhydrazones.” On dilution with benzene the OH
resonance also shifts downfield by more than 0-5 ppm.

syn and anti Isomers. In Table 4 we have summarized syn and anti percentages,
whose accuracy is about + 5%, and free energy differences, AG®, between these isomers
at 40°. As observed with oxime O-methyl ethers, IV is less stable than V by about
270 cal/mole.

H
OH OH
\/=N/ >=N/
CH, v H

Freshly prepared solutions of the solid, m.p. 98-5°, phenylacetaldoxime show only
the low field methylene and high field H; resonances. When the solutions are let to
stand at room temperature, the high field methylene and low field H, resonances
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begin to appear. Equilibrium between the two isomers is slowly reached at room tem-
perature after two (benzene solution) to five (acetonitrile solution) days, with the
new resonances being more intense than the initial ones. The initially formed solid,

therefore, is the thermodynamically less stable anti isomer V1.

Spin-spin coupling. In Table 5 is shown the effect of temperature (—30° to 90°)
on Jy,u,, whose precision from several measurements is about +003 c/s, of several
cis H;-hydroxy isomers, to which we will henceforth refer as the syn isomers. All

# CH,

/—N
H

Vi

OH

TABLE 5. SPIN-SPIN COUPLING CONSTANTS OF NEAT® LIQUID

H,
\—N _OH
i
R,R,CH,
H,
OH
N/
R;R,CH,
Ju m,(c/ s)
R, R, ~30° 0° 36° 50° 70° 90°

H H 6-00 593 594 589 5-88 5-86
H CH, 615 601 5-85 579 579
H CH,CH, 642 631 610 608 607 600
H CH(CH,), 655 653 642 637 636
H CgH, 669 653 6-49° 646 6:39°
H C(CH;), 7-30 719 710 696
CH, CH, 680 664 633 618 607 597
CH, CH,CH, 790 7-55 719 700 6-87 679
CH, (CH,),CH;4 7-95 779 7-38 7-09 697 6-86
CH,CH, CH,CH, 872 848 8-08 7-90 7-72 7-56
CH,CH; (CH,),CH, 875 859 815 795 7-79 773

Q 7-89 7-51 7-12 693 676 666

O 650 632 615 600 587 576

? Values at —30° and 0° were taken in 50%, CCl, soins.

CCl,. ¢ Value at 60°.

® From 10% solns in
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Ju,n,'s decrease with temperature, inciuding—aithough to a smaiier extent—Jy y_
of acetaldoxime. Figure 2 shows the peculiar effect that solvent dilution. produces
on Jy,g, of acetaldoxime (2A) propionaldoxime (2B) and isobutyraldoxime (2C).
These effects are explained, vide infra, in terms of disruption of the strong hydrogen
bonding existing in the neat liquid.

5-94
5-80
JryH,
c/s c
6-30

% (V/V) oxime in solvent

FIG. 2 Dependence of Jy, 4, of acetaldoxime (A), propionaldoxime (B) and isobutyraldoxime
(C) on concentration in pentance (7]), acetonitrile () and dimethyl sulfoxide ( A).

In Table 6 is shown the effect of temperature (—30° to 90°) on Jy,y, of the trans
H,-hydroxy isomers, to which we will henceforth refer as the anti isomers. Several
features of the data are worth noting and comparing with those of the data for the
syn isomers. Firstly, there is an abrupt increase in Jy,y, in changing from mono-
substituted to disubstituted acetaldoximes to the extent that Jy 4 ’s of the disubsti-
tuted derivatives are larger than those of the monosubstituted. Secondly, whereas
Ju,n, of all syn isomers decreases with increasing temperature, Jy,y, of the anti
isomers behaves irregularly.
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TABLE 6. SPIN-SPIN COUPLING CONSTANTS OF NEAT® LIQUID

\—"N _OH
H,
R, R,CH,
OH
H,
J 1, (€/5)
R, R, -30°  0° 36° 50 70° 90°
H H 5-56 5-49 5-51 5-54 5-53 5-50
H CH, 533 5-38 5-49 543 5-47 5-46
H CH,CH,; 536 550 5-47 5-45 5-52 553
H CH(CH,), 541 5-47 5-52 5-53 5-57 559
H CeH, 5455 550 550
H C(CH,), 584 592 582 592 591 590
CH, CH, 722 735 733 711 720 712
CH, CH,CH, 770 778 780 755 761 159
CH, (CH,),CH, 751 778 783 762 764 765
CH,CH, CH,CH, 830 816 822 810 808 8:07

CH,CH, (CH,,CH, 830 830 831 I8 816 815

725 7-26 720 702 700 693

O 7-36 7-15 7-27 717 712 709

¢ Values at — 30’ and 0° were taken in 50% CCl solns.
® From 10% soln in CCl,.

DISCUSSION

Conformations of the syn isomers. Assuming that the stable conformations of the
syn isomers are eclipsing (I and II), the relative stabilities of the various rotamers can
be calculated from the temperature dependence of Jy, .. Equation (1) expresses the
coupling of acetaldoxime, where J, is the

‘Iobs = %(Jr + 2‘13) (1)
Jobs (tBU) = 3(J, + J,) 2)

trans coupling and J, the gauche. From Eq. (1) and Eq. (2), which expresses the coupling
of t-butylacetaldoxime,® and by applying the appropriate 04 c/s alkyl correction,®
J, =130 c/s and J, = 24 ¢/s. From Eq. (3),

Jobu = p(‘lt + Jg)/z + (1 - P) Jg (3)

which expresses the coupling of monosubstituted acetaldoximes, where p is the
fractional population of VII and (1 — p) that of VIII, the relative populations of VII
and VIII can be calculated. Similarly, from Eq. (4),

Jobs=p‘1l+(1 —p)"g (4)
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OH H OH
I C i
H, H, R
H;}) H R 52 H Hﬁ) H
R H, H,
Vila Viip VIII
~OH ~OH N~OH
H R, R
o N o N 7
R; H R,
IX Xa Xb

which expresses the coupling of disubstituted acetaldoximes, where p is the fractional
population of IX and (1 — p) that of X, the relative populations of IX and X can be
calculated. These results are summarized in Table 7.

TABLE 7. ROTAMER POPULATION OF

R OH
\_
R,R,CH
OH
H N~
\ /OH H k
N - H, %
/ R
R,R,CH
R, R, -30° 0° 36" S0° 70°  90¢
H CH; 78 76 72 71 71
H CH,CH, 83 81 77 71 16 75
H CH(CH,), 86 85 83 82 81
H CeH, 88 85 84 84 83
H C(CH,), 100 98 96 94
CH, CH, 49 48 45 43 42 41
CH; CH,CH, 60 56 53 51 50 49
CH, (CH,),CH, 60 S8 sS4 S2 51 50
CH,CH, CH,CH, 67 65 61 60 S8 56
CH,CH, (CH,),CH, 68 66 62 60 S8 57

O 59 S6 52 S0 49 48
<:> 46 4 43 42 4 39

In Table 8 we have summarized the enthalpy differences, AH®, between the various
rotamers. These differences were calculated from reasonably linear plots of log
K4 vs. 1/T, where K, for the monosubstituted derivatives is equal to 2(1 — p)/p and
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TABLE 8.
_OH _OH
AH°for H — R
Rﬁ) KH Hﬁ/“\ﬂ
R,R,CHCH=NOH Ra Ry
1082 = °
R, R, AHP (cal/mole)
H CH, + 500
H CH,CH, + 700
H CH(CH,), +700
H C¢H, +700
H C(CH,;), +4500
CH, CH, + 500
CH,CH, CH,CH, + 800

O 100
S 400

for the disubstituted (1 — p)/2p. For reasons already discussed®> the AH® values are
probably reliable to +30%,. As anticipated, these values closely parallel those of the
oxime O-methy] ethers.?

In previous investigations we have used the effect that the dielectic constant of
the solvent has on Jy 4, as complimentary evidence to support the eclipsing over
the bisecting conformations. In oximes, the highest Jy _is the one of the neat liquid ;
it decreases in all other solvents, regardless of their dielectric constants. The most
reasonable explanation for this observation is the disruption with dilution of the
strong hydrogen bonding that is known to exist among oxime molecules. For the
sake of brevity we will use the data shown in Fig. 2 and the dimeric species Xla and
XIb to illustrate our point (trimers and polymers instead of dimers can be used as

g g
i '
uflﬂ @

R H
Xl, Xl

well). In the hydrogen-bonded species, the ratio XIa/XIb is increased over the normal
ratio VII/VIIIL, as a result of stronger nonbonded repulsions (R « H) in XIb than in
Xla (H « H). As dimethy] sulfoxide is far more efficient than pentane or acetonitrile
in disrupting these hydrogen bonds, the coupling constants in dimethyl sulfoxide

G
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decrease sharply at high concentrations of the oximes and eventually level off. The
coupling constants in the less efficient solvents pentane and acetonitrile decrease
slowly with decreasing oxime concentration and change sharply only when the con-
centration of the oxime is quite low. It is interesting to note that at concentrations
below 57, the coupling constants of propionaldoxime and isobutylaldoxime are
higher, as expected, in acetonirtile (high dielectric constant) than in pentane (low
dielectric constant). Above that concentration, however, the less efficient disruption
of the hydrogen bonding by pentane results in higher coupling constants in the less
polar solvent pentane than in acetonitrile,

Conformations of the anti isomers. The peculiar behavior of Jy y_of the anti
isomers precludes any quantitative conclusions to be drawn regarding the stable
conformations of these isomers. The same comment was made? in our studies of
oxime O-methyl ethers. On the basis of steric considerations and the large coupling
constants of the disubstituted acetaldoximes it is reasonable to conclude that the
predominant conformation of the disubstituted derivatives is XII. For the same

HO_
H
RQ/ KH
R
X1l

reasons advanced in our discussion of oxime O-methyl ethers, both conformations
XIII and XIV appear to be significant in the cases of monosubstituted acetaldoximes.

HO_ HO_
H H
H’))KH H?/ l\H
R
XIII X1v

The erratic behavior of Jy 5 of these compounds when the temperature changes is
consonant with a low barrier of interconversion between XIII and XIV. This
interpretation agrees with the recent finding” that the barrier to rotation of the methyl
group is 1840 cal/mole in XV and 350 cal/mole in XVI.

O HO_
cu” en”
XV XVI

Chemical shifts. As in so many other compounds of the general structure XVII,
region A is deschielded with respect to region B (both A and B in the plane of the

N’Z
BilA
R)kR

XVl
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molecule). The interpretation that XII is the most stable rotamer of the anti disubsti-
tuted acetaldoximes finds further support in the fact that, whereas cis and trans o-
methyl protons resonate at about the same field, cis a-methine protons resonate at
appreciably lower fields than the corresponding trans.

Interpretation of solvent effects. The most striking feature of the chemical shifts is
the effect of benzene on them; i.e. the downfield, instead of upfield, shift of several
resonances. Any interpretation of this effect requires specific orientation of benzene
by interaction with the oxime. The data are adequately accommodated in terms of
XVIII and XIX, which were used? to interpret the similar chemical shifts of the

#y sy
J )
N N~
ll \N
{ A .
. DA
Aj,@\(" AT@\‘/
/| Moy /)
) a8 8’4 B
XVIH X1X

oxime O-methyl ethers, whereby the benzene is attracted by the positive charge on
the sp>-hydridized carbon and is closer to the group that is trans to the hydroxy
group. The data exclude XX as the conformation of the hydroxy group, as in this

N/O\H\
"k

XX

conformation the cis R, group would suffer a greater upfield shift than the trans R,
group.*® The s-trans conformation about the N—O bond conforms to the structure
of formaldoxime® and to the idea of p — p lone electron pair repulsions.!® The down-
field shift of the resonance of the hydroxy proton in benzene also agrees with the
s-trans conformation. It should be pointed out, however, that the data do not differenti-
ate between the s-trans conformation and any other conformation where the hydroxy
proton is out of the plane of the molecule by less than 90°.

EXPERIMENTAL
Preparation of oximes. Oximes were prepared by reacting freshly distilied aldehydes or ketones with
hydroxylamine hydrochloride and a suitable base.*?
NMR spectra were determined at 60-Mc on a Model A-60 Spectrometer (Varian Associates, Palo Alto,
Calif). Undegassed solutions were used with TMS as internal reference.
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