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"HNMR spectra have been recorded for cis- and trans-2,6-diphenyltetrahydrothiopyran-4-ones (1 and 5), cis- and
trans-2,6-diphenyltetrahydropyran-4-ones (2 and 6), 3-methyl- and 3-ethyl-2,6-diphenyltetrahydropyran-4-ones (3 and
4) and their oximes (7 — 12) at 270 MHz. For the oximes, '*CNMR spectra have also been recorded. The coupling
constants suggest that the oximes 7, 8, 9, and 10, which have the phenyl groups in cis orientation, largely exist in chair
conformations with equatorial disposition of the substituents. Analysis of the vicinal coupling constants of trans-2,6-
diphenyltetrahydrothiopyran-4-one oxime (11) suggests that boat forms 11c¢ and 11d must make significant contributions
to it. Moreover, chair conformation 11a, which has the axial phenyl group in the syn-side, should be more populated than
chair conformation 11b, which has the axial phenyl group in the anfi-side. These conclusions are corroborated using *C
chemical shifts. The NOESY spectrum of 11 gives definite evidence for the contribution of 11¢. The coupling constants
of 12 suggest that the chair conformation 12a with axial phenyl group in the syn-side should be more populated than chair
conformation 12b with the axial phenyl group in the anti-side. By analogy boat form should contribute to 12 also.

NMR spectroscopy has been widely used in stereo-
chemical studies. For example, the conformation of bicylo-
[5.2.1]1decane-2,6-dione has been investigated” using NMR
techniques. Recently, from the vicinal coupling constants of
1,2-ethanediol, it has been found that in solution anti rotamer
should be an important contributor to this molecule.?

Considerable work has been carried out on the NMR spec-
tra of ketoximes®>™® and the configurations and conforma-
tions of the oximes have also been determined using NMR
techniques. It has been found* ™ that in ketoximes the a-
carbon syn to the OH group is shielded relative to the anti a-
carbon and the magnitude of this shielding, denoted as Ad ,
has been used for determining the conformations of oximes.
Indeed a twist-boat conformation has been assigned to trans-
2,6-di-t-butylcyclohexanone oxime, based on a small Ad,,
for this compound.”

Conformations of several 2,6-diarylpiperidin-4-one ox-
imes have been studied” using 'H and '*CNMR spectra.
For the oximes of 2,6-diarylpiperidin-4-ones and their 3-
alkyl derivatives, chair conformation has been assigned and
for the oximes of 3,5-dimethyl-2,6-diarylpiperidin-4-ones
with cis methyl groups an asymmetric non-chair conforma-
tion has been assigned.” In continuation of the study on 2,
6-diarylpiperidin-4-one oximes, we thought that it will be
worthwhile to investigate the corresponding oxygen and sul-
fur analogues. This is because in such cases cis- and trans-
diphenyl compounds are available, whereas in the case of
piperidin-4-ones only the cis-diphenyl compounds have been
synthesized. For the trans-2,6-diphenyl compounds, in ad-
dition to two different chair conformations, boat forms also

may contribute and it is worth finding which ones are more
important. Study of these oximes is particularly advanta-
geous in that these compounds give well separated signals
for the heterocyclic ring protons. Such data enable one to
measure the vicinal coupling constants to a desirable accu-
racy. In this paper we report a detailed 'H and *CNMR
spectral study of ketones 1-—6 and their corresponding ox-
imes 7—12 (Chart 1).

Experimental

The ketones were prepared according to the procedures described
in the literature: 1, 2,19 4,12 5, and 6.'¥ The oximes were pre-
pared according to the procedure of Baliah et al.'¥ The compounds
were recrystallized from suitable solvents and the melting points

of the ketones®'* and oximes'> were in excellent agreement with
the reported values.
NMR Measurements. 'HNMR spectra: Proton NMR spectra

at 270 MHz were recorded on a Bruker WH-270 NMR spectrom-
eter operating at a field of 6.35 Tesla. Samples were prepared by
dissolving about 10 mg of material in 0.5 ml of chloroform-d con-
taining 1% TMS. About a hundred FIDs were accumulated for
each sample. Spectral width was 3000 Hz and the data points were
16 K. For 12 the spectrum was also recorded at 400 MHz on a
Bruker AMX-400 NMR spectrometer with 4000 Hz spectral width
and 16K data points.

BCNMR spectra: Proton decoupled *C spectra were recorded
on a Bruker WH-270 NMR spectrometer operating at 67.89 MHz for
13C nucleus using 10 mm sample tubes. Samples were prepared by
dissolving 0.5 g of the material in 2.5 m! of chloroform-d containing
a few drops of TMS. The experimental parameters were as follows:
spectral width, 18600 Hz; data points, 32K; pulse angle 45°; and
number of transients, 5000.
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Chart 1.

2D spectra: C—H HETCOR and NOESY spectra of 11 were
recorded on a Bruker AMX-400 spectrometer using standard ex-
perimental parameters.

Results and Discussion

For 1, 2, 5, and 6, ABX spectra were obtained for the
heterocyclic ring protons, the benzylic proton being the X-
part and the methylene protons forming the AB part. The
vicinal coupling constants could be readily obtained by a
second-order analysis.'®

In the cases of 3 and 4, the signal due to the proton at
C-3 overlapped with those due to the methylene protons at
C-5 and therefore, Jsa6, and Jsesa could not be evaluated.
However, the value of Jy,3, and the sum of Jsau6, and Jseqa
were obtained.

In all the oximes studied the syn-side protons formed an
AMZX system and the coupling constants could be readily ex-
tracted. For the oximes 7, 8, and 11, anti-side protons formed
an ABX system and the vicinal coupling constants were de-
termined by a second-order analysis. For oxime 12 the anti-
side methylene protons appeared only as a doublet and the
anti-side benzylic proton appeared only as a triplet even at
400 MHz, due to a very small chemical shift difference be-
tween the anti-methylene protons. Therefore, only the sum
of the vicinal coupling constants could be determined. For

oximes 11 and 12, the assignments were confirmed by selec-
tive decoupling of the benzylic protons.

The proton chemical shifts of ketones and oximes are fur-
nished in Table 1. The coupling constant data are given in
Table 2. The measured coupling constants may have 2—
20% error depending on the broadening of the lines.'” The
error would be within 2% when the spectral lines are sharp.
In the present study, very sharp spectral lines were observed
in all cases and the reported coupling constants should be
accurate to within 2%. The coupling constants are given to
three significant figures. For 12 the coupling constants and
chemical shifts obtained from 270 and 400 MHz spectra are
in excellent agreement.

The 3C chemical shifts were assigned as follows; the
signal in the range 155—160 ppm could be readily assigned
to the hydroxylimino carbon C-4. The signals in the range
125—142 ppm must be due to the aromatic carbons.

The aromatic carbons except ipso carbons should be ex-
pected to absorb around 128 ppm, at which benzene absorbs.
Therefore, the signals in the range 125—129 ppm were as-
signed to these carbons. The weak signals around 140—
142 ppm could be assigned to ipso carbons. The signals in
the range 25—90 ppm could be assigned to the heterocyclic
ring carbons and those in the range 10—20 ppm could be

Table 1. Proton Chemical Shifts (6/ppm) of Ketones and Oximes

Compd Hz H3a H3e H5a HSe Hg A]_kyl Aryl N*OH
1 430  3.02 294 302 294 430 — 7.22 10 7.39 —
2 484 273 269 273 269 484 — 7.32 t0 7.47 —
3 4.34 a) — a) a) 4.82 0.87 7.13 to 7.45 —_
4 445 b) — b) b) 480  1.18,1.58,°0.79  7.23 to 7.47 —
5 431 3.139  3.019 3.13Y 3019 431 — 7.20 to 7.31 —
6 505 2.84Y 2769 284Y 2769 5.05 — 7.17 to 7.36 —
7 420 277 292 237 396 4.14 — 7.26 to 7.48 8.04
8 472 246 271 212 367  4.66 — 7.26 t0 7.55 8.12
9 429 265 — 219 379 467 0.96 7.26 t0 7.49 9.44
10 444 257 — 219 381 468  1.36,1.62,°092  7.26t07.49 9.39
11 412 3.01Y 2989 3529 3109 434 — 7.24 to 7.49 8.27
12 479 2739 2739 3399 2869 5.16 — 7.26 to 7.54 8.23

a) Peaks overlap and were in the range 2.69 to 2.86. b) Peaks overlap and were in the range 2.61to02.87. c¢) Forthe

methylene protons of the ethyl group. d) Hydrogen cis to phenyl.

e) Hydrogen trans to phenyl.
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Table 2. Vicinal Coupling Constants (Hz) of Ketones 1—6 and Oximes 7—12

About C(2)—(3) bond

About C(5)—(6) bond

31

Compd
cis J trans J, total J cis J trans J total
1 2.86 12.6 15.5 2.86 12.6 15.5
2 2.56 11.7 14.2 2.56 11.7 14.2
3 — 104 — — — 14.3
4 — 10.4 — — — 14.4
5 4.46 8.19 12.7 4.46 8.19 12.7
6 5.07 6.74 11.8 5.07 6.74 11.8
7 241 12.2 14.6 2.36 12.3 14.7
8 2.11 11.6 13.7 242 11.8 14.2
9 — 10.2 — 2.53 11.8 14.3
10 — 10.3 — 2.33 11.7 14.0
11 3.59 10.0 13.6 4.54 7.32 11.9
12 — — 12.6 5.52 5.03 10.5
— — 12.79 5.53% 5217 10.7%
a) Values from 400 MHz spectrum.
assigned to the side chain alkyl carbons. Among the four Table 4. *C Chemical Shift Difference between the
signals for the heterocyclic ring carbons, two upfield signals a-Carbons (A ) in Oximes 7—12 and Ketones® 1—6
could be assigned to the a-carbons (carbons « to the C=
N—-OH group). Among these two signals, the upfield signal Oxime Ketone (Oani — Osyn)/ppm
could be assigned to the syn a-carbon.>—>¥ Oxime Ketone (Oxime — Ketone)
In the 3-alkyl substituted oximes 9 and 10, C-2 should 7 1 7.8 0 7.8
appear at a lower field than C-6 due to the S-effect of the 8 2 6.6 0 6.6
alkyl group. Since it has been shown® that in cis-2,6-di- 9 3 9.6 L5 8.1
phenylpiperidin-4-one oxime the syn 3-carbon appears at a 10 4 15.8 7.5 8.3
slightly higher field than the anii f-carbon, in oximes 7, 8, }; 2 ;; 8 ;g

11, and 12, among the two signals for the benzylic carbons
the upfield signal was assigned to the syn benzylic carbon.
For 11 the assignments were confirmed using C-H HETCOR
spectrum. The '*C chemical shifts of the oximes are given
in Table 3. The '3C chemical shift differences between the
a-carbons are listed in Table 4.

Oximes of cis Ketones. In oximes 7 and 8, the vicinal
coupling constants in the syn-side are very nearly the same as
those in the anti-side. One vicinal coupling constant is about
five times that of the other. The larger value must correspond
to Ja, and the lower value must correspond to J,.. Hence,
these compounds should largely exist in chair conformations
with equatorial orientations of the phenyl groups. The cou-
pling constants in 8 are lower than those in 7, probably due
to the electronegativity of oxygen being greater than that of
sulfur.

In oximes 9 and 10, the J,, value in the syn-side is about
1.5 Hz higher than that in the anti-side. A similar observation
has been made in the case of 2,6-diarylpiperidin-4-ones.

18)

This has been attributed to a flattening of the ring about
the C(2)—C(3) bond, which probably occurs to decrease the
gauche interaction between the phenyl and methyl groups.

The vicinal coupling constants of 7 and 8 are slightly
lower than those of the corresponding ketones. In the ox-
imes the ring torsional angles about C(2)~C(3) and C(5)—C(6)
bonds may be slightly lower than those in the corresponding
ketones.

For oximes from symmetric ketones, the Ad, value in-
creases with the decrease in the torsional angle between the
C=N and C,—H bonds.>~® In the chair conformations of six-

Table 3. "*C Chemical Shifts (8/ppm) of the Oximes

Aromatic carbons

Compd C-2 C-3 C-4 C-5 C-6 Alkyl
ipso Carbonx Others

7 494 410 158.6 332 479 — 140.3, 1404 128.8, 128.0, 1274

8 79.7 39.6 156.5 33.0 784 — 141.6, 141.8 128.6, 127.9, 125.9

9 86.8  43.1 1592 335 787 11.1 140.4, 141.8 128.5,127.8, 127.5, 125.9
10 853 497 1577 339 78.6 18.5 (CH>) 1404, 141.8 128.5, 128.3,127.7, 127.6

11.6 (CH3) 125.9

11 436 389 157.7 312 431 — 141.0, 1414 128.7, 128.6, 127.7, 127.5
12 73.1 36.8 1557 289 729 — 140.3, 141.1 128.6, 127.9, 127.8, 127.0

126.6
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membered ring oximes, the torsional angle between C=N and
C4—H, bonds is nearly 0°. For such oximes the Ad, value
is around 7 ppm. The Ad, value of 7 and 8 do not devi-
ate much from 7.0 ppm, suggesting that these compounds
largely exist in chair conformations.

Oximes of trans Ketones. For oxime 11, two non-
equivalent chair conformations, 11a and 11b, are possible
(Chart 2). In addition we consider boat forms 11¢, 11d,
11e, and 11f, and twist-boat form 11g (Charts 3, 4, and 5).
Among the two vicinal coupling constants in one side the
larger one is taken as J;,,; and the smaller one is taken as
J.is. The reverse assignment could be ruled out as follows: In
a reverse assignment, the J;; values in the two sides should
be 10.0 and 7.3 Hz. These values should correspond to
conformation 11e or 11f, with a greater distortion at the syn
side. However, the two Jy,,,s values are not much different
and such a conformation could thus be ruled out. Recently,'”
it has been shown that 5 exists in boat conformation 5c
analogous to 11¢, from its vicinal coupling constants, taking
Jirans to be larger than J,,. A reverse assignment would
suggest conformation 5e for 5 (Chart 6). However, such
a possibility could be ruled out since the dipole moment
of § (5.54 aCpm) is only slightly higher than that of 12
(4.87 aCpm). In Se the angle between the directions of the

N
“~OH

x.Ph

H H Ph H

H3
H-7? H
><6H5

Ph H

1, X =8
2b, X =0

Chart 2.

e, X=5 f1d, X =5
12¢, X =0 12d, X =0
Chart 3.
—_ N—OH
on N—OH
X X
Ph
6 5
N 5 Ph
Ph
i1e, X=S 11f, X=S
12e, X =0 12f, X = 0

Chart 4.
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Chart 5.

moments due to the carbonyl (9.77 aCpm)*® and sulfide (6.17
aCpm)®” functions should be acute. If this angle is taken as
90°, the calculated dipole moment is 11.56 aCpm. Therefore,
the dipole moment of Se should be greater than 11.56 aCpm.
Since the observed moment of 5 is considerably lower than
that expected for Se, Se cannot be the major conformation
of 5. This conclusion must apply to 11 also. Therefore,
the higher values could be assigned to the coupling constants

“between trans protons and the lower values could be assigned

to those between cis protons.

Using the equation of Haasnoot et al.,*” we found that
a 5° degree variation in the torsional angle in the range
180° cannot significantly alter the vicinal coupling constant
whereas a similar change in the torsional angle in the range
60° markedly affects the value of the coupling constant. Be-
cause of this, though 11a and 11b are likely to be more
flattened than the chair conformation of 7, their J,, value
may be taken as 12.3 Hz (average of the two J,, values of
7) but their J,. value may be considerably less than 2.4 Hz
(observed J,. of 7). Thus, for 11a and 11b the value of
Jiransiotaly Should be somewhat less than 14.7 Hz (12.3+2.4).
The observed Jyunsotary value of 11 is 17.3 Hz, which is con-
siderably higher than that expected for chair conformation
11a or 11b. However, the observed J,;, values are not too
high. Indeed Jotary Of 11 is less than that of the correspond-
ing ketone 5 but Jyan(iorary Of 11 s higher than that of 5. This
suggests that boat forms with high Jiasotany Values but not
too high Jeisoray values should contribute to 11 in solution.
Only 11c and 11d meet these requirements.

Moreover, for 11 the observed Jins(syn) value is very much
lower than the Jy4n5(ans) value. Only in the chair conforma-
tions 11a and 11b the two J;,,,, values could differ largely.
Therefore, the lower Jyqng(syn) value should be due to a lower
contribution of J,, and a greater contribution of J. to it. In
other words, conformation 11a should be more populated
than conformation 11b. Thus we conclude that 11 exists in

0
Ph Ph SN

5¢ 5e
Chart 6.
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solution as an equilibrium mixture of 11a, 11b, 11¢, and 11d.

The vicinal coupling constants in 11c¢ should be almost
equal to the corresponding vicinal coupling constants in 11d.
Thus, in 11c and 11d J;445(ni) value may be taken as the same
and this may be designated as J5o% . Let X,, Xp, and Xpou
be the mole fractions of 11a, 11b, and boat forms. If we
assume reasonable values for Jpor - and Jbow . and take
Jaa as 12.3 Hz and J,, as less than 2.4 Hz, X, X}, and Xpoa
could be calculated using equations 1 and 2, since the sum

of X,, Xy, and Xy, should be one.

b b:
XaJee + XoJaa + XboarJ, tr(;a:l[s(syn) =7.3[ tmsns(syn)] ot 17
b b:
Xa-l aa + XbJee + Xboat-] 1r(zz:rs(ami) = 10-O[J;)rasnx(ami)] s 2.

Calculations were made assuming Je. as 2.0, 1.5, and 1.0

Hz. Various values were assume for J}’r?j,‘fs(anﬁ). The value of
Jboat

iranssyny Was taken as one Hz less than the assumed value

of Joo& iy since the observed Jysyn is higher than the

observed J isaniy by 0.9 Hz. When Je. was taken as 2.0 Hz

and J,br‘;*,‘fs(an,i) was taken as 12 Hz the calculated values of

Xa, Xp, and Xpoae are 0.45, 0.21, and 0.34, respectively. Use
of lower values for Je. and J{oa, ) couplings was found to
decrease the values of X, and X}, and increase the value of

K
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Xboat- Moreover, the value of X, was found to be more than
twice that of X;. Though it is not possible to obtain the
relative populations more precisely, it is certain that the boat
forms should contribute significantly to 11, and 11a should
be more populated than 11b.

Using the 5 -effects of axial and equatorial phenyl groups®
on the C-13 chemical shifts, the Ad , values for 11a and 11b
were computed as 12.1 and 3.1 ppm, respectively. The Ad,
value for the boat forms may be taken as that of trans-3,
5-di-#-butylcyclohexanone oxime, i.e., 3.5 ppm.¥ The ob-
served Ad 4 value of 11, is 7.7 ppm, which is consistent with
the conformational equilibrium suggested by the vicinal cou-
pling constants.

The NOESY spectrum of 11 is shown in Fig. 1. From the
signals in the vertical direction, five NOEs could be identified
between protons not involved in direct coupling. NOE-1
is between H-6 and the ortho protons of the (C-6)-phenyl
group. Such an NOE could occur in 11b, 11¢, and 11d. In
11b, 11c, and 11d the (C-6)-phenyl group should be almost
coplanar with H-6. Two such equivalent conformations are
possible. However, such conformations have been shown to
be interconvertable at a fast rate.?” In each conformation, one
of the ortho protons will experience NOE with H-6. NOE-2

H-3S

(1%

— e
‘,_;5} . -3
H-35 —— = (6] 4 51%1 $ @ 'ﬁ
Hs——:) of & B
. + 4
H =2 = [e] 2 .. L.
H~6 -% (o] 1
-5
-6
-7
_..——-—-—_:L; 2 ° . °
‘- i i e e ———————————
L e —— [ T
5 5 b 3

porm 7 6

Fig. 1. Phase-sensitive NOESY spectrum of 11. The spectrum was recorded with a mixing time of 400 ms.
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(11a)
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(11b)

Fig. 2. Nonbonded interactions involving the equatorial methylene hydrogens in the chair conformations of 11 and 12.

is between H-2 and the ortho protons of (C-2)-phenyl group.
Such an NOE could occur in 11a, 11¢, and 11d.

It is seen that the ortho protons of the (C-6)-phenyl group
have significant NOE with H-5, which has large coupling
with H-6 (NOE-3). Similarly, NOE-4 is between the ortho
protons of (C-2)-phenyl group and H-3 which has a large
coupling with H-2. If the larger vicinal coupling constants
are taken as J;, the possible conformations are only 1le
and 11f, in which the ortho protons of the axial-like phenyl
group should have NOE with the adjacent proton cis to the
phenyl group. However, the cis proton should then have only
a smaller vicinal coupling, which is not the case. Therefore,
11e and 11f could be ruled out and the large coupling must
correspond only to Jygps.

The NOEs 3 and 4 could be accounted for as follows: In the
chair conformation the ortho protons of an equatorial phenyl
group have significant NOE with the adjacent axial protons
(proton cis to the phenyl group) but only a negligible NOE
with the adjacent equatorial proton (proton trans to the phen-
yl group).”® In 11c¢ and 11d, the phenyl groups are adopting
equatorial-like orientations. Therefore, in 11c and 11d also
the ortho protons of the phenyl groups must have significant
NOE only with the adjacent proton cis to the phenyl groups.
It is easily seen that the ortho protons of the axial phenyl
group in 11a and 11b must have significant NOE with the
adjacent equatorial proton, which is cis to the phenyl group.

NOE-5 is between H-6 and H-3, which has large coupling
with H-2. Such an NOE could occur in 11¢. Similarly, in
11d there should be NOE between H-2 and H-5 which has
large coupling with H-6. However, such an NOE is not ob-
served. Therefore, 11d could be only a minor contributor.
This should be expected since in 11d the N-O bond should
be almost eclipsing the bond between the syn-a-carbon and
bowspirit hydrogen, whereas in 11¢ the N-O bond lies be-
tween two C-H bonds.

For 12, the sum of the vicinal coupling constants in the
anti side is much greater than that in the syn side, suggesting
that 12a should be more populated than 12b. Since the
coupling constants in the anti side could not be determined
independently, it is not possible to get reliable evidence for
boat form contribution to 12. However, by analogy the boat
form should be expected to contribute to 12 also.

The greater stability of 11a over 11b and of 12a over 12b
can be explained as follows. If one considers chair conforma-
tions 11a, 11b, 12a, and 12b there are two steric interactions,

one between the OH group and the syn-equatorial methylene
hydrogen and the other between the ortho-hydrogen of the
phenyl group and the adjacent equatorial methylene hydro-
gen (Fig. 2). In 11a and 12a both these interactions could
be relieved by either a change in the torsional angle about
C(5)-C(6) bond or by a small change in H-C-H bond angle.
However, in 11b and 12b, such a kind of distortion has to
occur at both sides to decrease the two interactions. Thus, in
11b and 12b there could be more internal strain than in 11a
and 12a, and this makes 11a more stable than 11b and 12a
more stable than 12b.

Conclusions

Oximes 7—10, having the phenyl groups in cis orienta-
tion, exist largely in chair conformations. However, for the
trans-oximes 11 and 12, boat forms must make significant
contributions in solution. Moreover, for 11 and 12, chair
conformation with an axial phenyl group in the syn side is
more populated than that with an axial phenyl group in the
anti side. For 11 boat form 11c seem to be a significant
contributor. The greater stability of 11a over 11b and of
12a over 12b suggests that change in stereochemistry at one
center may influence the conformational preference at a re-
mote center significantly. Since 11¢ seems to be more stable
than 11d NO---CH eclipsing interaction should be repulsive.
For 11 the conclusions reached from vicinal coupling con-
stants have been corroborated with '3C chemical shifts as
well as NOESY spectrum. This adduces further evidence
for the versatility of NMR as a powerful tool in studying
conformational equilibria. ’

The authors are thankful to SIF, Indian Institute of Science,
Bangalore for recording the NMR spectra. Thanks are also
due to Annamalai University for providing the necessary
facilities and for sanctioning study leave to one of the authors
(V. Gurumani).
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