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Abstract—The low resolution and high resolution microwave spectra of 4.4-difluoropiperidine and the N -deutero
analog have been recorded. Based on a low resolution microwave adaptation of Kraitchman's equations, the
species giving rise 1o the single observed low resolution band series is seen to be the N-H equatorial conformer.
This result is verified by oblaining the principal axis coordinates of the amine hydrogen atom via an assignment of
the high resolution microwave spectra of the normal and N-D compounds. Consideration of the least intensity of
the N-H axial conformer’s spectrum that would be necessary for it to be observed. leads to the result;
AG 2 0.89 kcal/mole for the equatorial #¢ axial equilibrium.

The main interactions influencing the conformation of
6-membered cyclic compounds are generally accepted to
be 1.3 diaxial and gauche-vicinal. Because these interac-
tions are small in the case of piperidine, efforts that
would have been more than ample in most cases were
required to determinc its conformation. With the wealth
of inconclusive and sometimes conflicting data, it is not
surprising that the preference for N-H equatonal in
piperidine itself took almost twenty years 1o gain ac-
ceptance.’

The piperidine situation was the subject of intensive
investigation because it is a simple case wherein, it was
hoped, some differentiation might be made between the
relative sizes of the hydrogen atom and the lone pair on
nitrogen. Now., it is believed that such a concept has only
limited validity and that, in any event, the interpretation
is dependent on the compound in question.’

A number of compounds closely related 1o piperidine
have been examined with the intent of shedding more
light on the preferred conformation of the parent com-
pound. Among these, 4.4-difluoropiperidine was studied
by Yousif and Roberts by ""F NMR.' They were unable to
ascertain the identity of the major conformer but did
conclude. from variable temperature studies, that the
magnitude of the conformational free energy in acetone
solution is 0.42 kcal/mole. We have concluded in the
present study that the N-H equatorial conformer is
predominant in the gas phase at 25°C.

It has been venfied previously that piperidine itself
prefers the N-H equatorial chair conformation in the gas
phase.* Further evidence bearing on the problem at hand
includes the observation that morpholine exhibits a chair,
N-H equatorial preference in the gas phase’ and tetra-
hydropyran® and 1,l-difluorocyclohexane” exist exclus-
ively in a chair conformation.

Stowlow et al.” have observed that the substitution of
fluorine atoms in a polar flexible molecule may sig-
nificantly alter the conformational preference relative to
the unsubstituted compound. Thus, it is not entirely
obvious that the conformational preference of 4,4-diflu-
oropiperidine should be the same as that of pipendine.

tBased on E. M. Bellott. Jr.. Ph.D. INsscrtation, Harvard
University {1976).

Low resolution microwave spectroscopy is often able
to furnish useful approximate structural information for
large, nearly prolate gas phase molecules.” It is known
that most such molecules exhibit rotational spectra con-
sisting predominately of a-type, R-branch (AJ=~1)
transitions that occur in clusters or bands of nearly the
same frequency. The frequencies of these low resolution
absorption bands, whose widths at half height are typi-
cally 50 to 150 MHz, occur at integral multiples of B + C.
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A, B and C are the rotational constants retated as shown
to the inverses of the three principal moments of inertia
and hence to the molecular structure.”

We had expected to observe two secries of a-type,
R-branch low resolution absorption bands arising from
the N-H axial and N-H equatorial conformers of 4,4-
difluoropiperidine, based on model structural and dipole
moment calculations. In fact, the low resolution mi-
crowave spectrum of 4,4-difluoropiperidine. recorded
under standard low resolution conditions, exhibits only a
single series of absorption bands attributable to only one
conformer. Assignment of the observed low resolution
band series to the chair N-H equatonial or axial con-
former is by no means clear cut. Rotational constants
calculated for energy-minimized chair structures of the
N-H equatorial and axial conformers are presented for
companson o the observed value in Table 1.

The standard microwave spectroscopic technique for
the determination of molecular structure is isotopic
substitution. When the rotational constants are obtained
by the assignment of high resolution microwave spectra
of several isotopically enriched derivatives, Kraitch-
man’s equations'' permit the determination of the prin-
cipal axis coordinates a, b and ¢ of the atoms in question.

One advantage of low resolution microwave spec-
troscopy is the ease of interpretation of the spectra in
terms of various conformers or geometric isomers. But
in certain cases, where a conformational interconversion
does not lead to a significant change in B+ C or when
only one conformer can be observed, a low resolution
version of Kraitchman's equations may be useful.
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Scheme 1. A scheme for the preparation of 4.4-diffucropiperidine.

Table 1. Calculated rotational constants
for 4.4-difluoropiperidine and comparison
of calculated and observed B+ C

Calculated rotational constants
from a postulated structure

N-H Equatonial N-H Axial
A - 3313 MH:2 A - 3227 MHz
B=1735 B-1744
C=152§ C= 1540

B +( = 3261 B~ C-3284

Observed

B+C=330425

Given the values of B + C for two isotopic species, it
follows from Kraitchman's equations {sce Appendix)
that

kB+C)-(B+C) 5 12 ’i
b (B-C) (B-C) e <
Where u is the reduced mass of the isotopic substitution

=.AmM
BT Am+M

3)

Am is the mass change on isotopic substitution, in AMU,
M is the molecular weight of the normal compound in
AMU, and k = 505379.1 AMU A’ MHz.

N-Deutero 4.4-difluoropiperidine is conveniently pre-
pared in the waveguide cell of the microwave spec-
trometer by exchanging the amine hydrogen atom for
deuterium on the D,O saturated waveguide walls. A
value of the principal axis coordinate ellipsoid may be
determined for the amine hydrogen atoms by substituting
the values of (B+ )y and (B~ C), tn eqn (2). Table 2

Table 2. Determination of the prefered
conformation of 4,.4-difluoro-piperidine
from  low resolution micro-
wave specira by isofopic substitution

‘B + (.')"
'B ¢ ("n

1304+ SMH2
3210~

Coordinates of Amine
Hydrogen (2a° + b* + ¢¥)

observed 81224
calculated FQ. 18.00
calculated AX. 11.14

shows how cffectively eqn (2) is employed in this case.

On the basis of the isotopic substitution experiment we
conclude that it is the N-H equatorial conformer which
is giving rise to the observed low resolution microwave
spectrum. The N-H axial conformer, which must be the
minor one. is not evident due to its low concentration.

The conformational free energy of 4.4-difluoropiperidine

Examination of Fig. | shows that the strongest ob-
served feature of the microwave spectrum is a single low
resolution type-I band series. The spectrum of the N-H
axial conformer. were it to be seen, would be quite
similar. Careful consideration shows that the weakest
band of the N-H axial species that could be seen would
be about (.07 times the intensity of the N-H equatorial.
Taking into account the a-dipole moments of 1.33D and
242D, respectively, calculated from bond moments, a
practical lower limit is 0.89 kcal/mole for the confor-
mational free energy” of 4.4-difluoropiperidine at 25°C.

Molecular mechanics calculations using  Allinger’s
molecular mechanics program’ indicate that the N-H
axial conformer of 4.4-difluoropiperidine experiences a

LA MATA | W

Fig. 1. The low resolution microwave spectrum of 4. 4-difluoropiperidine.
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Table }. 4.4-Diffuoropiperidine microwave spectral assignments

Transition Obs. frequency Calc. frequency Difference
Normal compound
Sov— B 19160.3 MH» 19160.230 MH 0070 MH7
Srembi 18968.3 18968.167 6.133
$a—=by, 202918 20291439 0.261
Sy—hy, 197203 1972113 -0.833
Buoe = For 22208 4 23208372 0.028
6,7, 220786 22074540 0.060
[ 238332 23533283 -0.033
60— 7o 238667 23866.49%0 0210
.6:! s ?:A 14T R 22947 446 0.054
Tor = 8ce RARASIN PARARE TS 0.036
T, =8 707 28170640 0.060
T8, 261488 6148 897 0.097
A~ 33080720923
B -~ 1770.409 = 0.022
C=1535.082+ 0018
Coordinates of N-H Coordinates of N-H Experimental
Equatorial, calculated Axial, calculated coordinates |
a 3oeA a= 21914 a- 3.003+0.006 A
b-0 b~0 b-0
¢ - 0.064 R 3 1 ¢ = 0082038
Transition Obs. frequency Calc. frequency Difference
N-Deutero compound
Sov = e 18663.2 MH~ 18663 162 MH2 0.038 MHz
Sie=bi 1B458 8 18458 644 0.156
bon = 7o 21633.6 21633.646 0.046
6,07 228867 22886.773 0.073
6,.—7,. 21486 3 21486.171 0.129
610 T 231430 23142 644 0.35
6,,=7. 2733 22734964 ~1.644
Tar— B RIS 24599 922 -0.022
T8, 24991 2 25991 358 ~0.158
T8, 15019 24501 804 0.096
Tae 8 2649319 26493.827 0373
Tnr8;e 2429 28429 24 0.
T—8. 260937 26093118 0.585
Tre o8y 29R08.1 26807 86 0238
A - 3308979« 1.1%
B=1716.309 = 0.031
C - 1494.3%6 > 0.029
steric energy destabilization of 0.29 kcal/mole relative to EXPERIMENTAL

the N-H equatorial one. Furthermore, a dipole-dipole
interaction term, calculated by classical interaction of
dipoles in a medium of dielectric constant 1, adds a
further 1.61 kcal/mole to the relative instability of the
N-H axial species. Professor Allinger considers the
dipole portion of the conformational energy 1o be exag-
gerated and suggests that the actual conformational
energy difference is on the order of 0.5-1.0kcalimole ™

High resolution microwave spectral assignments

It was possible, furthermore, to make an assignment
of the spectrum of 4.4-difluoropiperidine under high
resolution conditions. Only a-type. R-branch transitions
could be observed. Table 3 presents a least squares fit of
the observed ftransitions to three rotational constants
without centrifugal distortion terms, for both the N-H
and N-D species. Determination of the rotational con-
stants of both isotopic species leads to the principal axis
coordinates of the amine hydrogen atom. from which it is
seen that the low resolution microwave spectral results
are vindicated,

Low resolution microwave spectra were recorded in the K-
and R-bands (18-26.5 and 26.5-40 GHZ, respectively) on a Hew-
lett-Packard B460 A microwave spectrometer al room lem-
perature (24-25°C). The spectra were recorded at a scan rate of
10 MH2z per sec with a Isec recorder time constant. 1600V
base-to-base Stark voltage was found to modulate the transitions
sufficiently for a strong spectrum to be recorded at —50dB gain
with tofal gas pressures of S0-100 mTorr pressure in the cell.
High resolution spectra were recorded on the same instrument at
slow scan rates with 10-20 mTorr total gas pressure.

NMR spectra were obtained using Varian Associates A-60 and
X1.-100 instruments. All spectra were obtained as CDCL, solu-
tions. Proton chemical shifts are reported in ppm downfield from
internal TMS (8 scale). "°F chemical shifts are reported in ppm
from external trifluoroacetic acid.

IR spectra were recorded on a Perkin-Elmer 137 iastrument.
IR frequencies are reported th wavenumbers (cm ')

4 4-difluoropiperidine, 1. was prepared via a sequence of reac-
tions outlined 1n Scheme 1. All chemicals and solvents are
reagent grade, used as received

N-Trfluorcacetsi-4 - diflucropipendine &
In chloroform (10mb at 20°C, S%0mg (282 mmole) of the
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ketone, 8. were treated with a stream of SF,, bubbled vigorously
through the reaction mixture via a stainless steel hypodermic
needle. Sufficient SF, was bubbled into the reaction flask in this
manner to inflate a rubber balloon o approximately 8 inches in
diameter. Stirring was continued for 3 days under the SF, at-
mosphere. The SF, was replenished occasionally when the
balloon became limp."”

Solvent was removed and the residue was chromatographed
(0.25 x 200 x 200 mm silica plate, ethyl acetate eluent) to give ca.
400 mg of the amide 6. R, = 0.6 (65% yield).

IR (NaCl): amide, 1700cm ' gem difluoro, 1100-1200; CF,,
754, 758. NMR (DCCy): 3.5-CH,, 2.11 (4H. m); 2.6-CH,, 3.80 (4H,
m); CF,, 6.64 ppm downfield from external TFA (3F, S); CF,,
22.85 ppm upfield (2F, quintet, JHF = 12 H2). Mass Spectrum:
mie 217, 48%, Parent; mfe 148, 50%. P-CF,, mie 120, 16%,
P-CF,.CO.

4.4-Diflucropiperidine |

The volatile amine, obtained by ether extraction of the basic
aqueous hydrolysate and gas chromatographic purification has
the following spectral propertics:

IR (NaCl): Amine, 3240cm ', 780; CF,, 1120, 1147. NMR
(DCCL,): 3.5 CH,, 1.93 (4H, m); 2.6 CH,, 2.98 (4H. m, broad).
N-H, 1.61 (1H, S); CF,, 19.84 ppm upfield from external TFA,
(2F. m, broad). Mass spectrum: mje 121, 67%, P; m/e 120, 100%.
P-H; mie 100, 38%. 120 - HF: m/e 80, 35%, 100 - HF.
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Appendix. Derivation of isotope rule

In case the substitution of onc nucleus by an isotope has
negligible effects due to the rotation of the principal axes,
Kraitchman's equations'' lead immediately to the result:

2a' + b +¢* = (kiu XAL » AL)

where a. b, ¢ are the coordinates of the substituted nucleus in the
principal axes of the unsubstituted molecule. Here

Am-M

- ——

M+am

where M is the total mass of the original molecule and Am is the
change in mass of the isotopically substituted nucleus. Al, =
I, - .. the change in the a pnincipal moment of inertia on isotopic
substitution at one nucleus.

But I, =kiA where k=(h/8#°} and A is the A rotational
constant in frequency units.

In near prolate molecules B~ C so if we let x={I/2kB~C).
8 = {1/2XB - (). 8x will be relatively small. Then

l( s & )
+-l+-4+=---
X X X

? b
=2(lr%~-)aiwithncglccl
of (B-C/B +C) compared with unity.

: ! !
2 2 2 _ - —
b “‘”‘”(ewc 84;)

B+C-B (

“WWEroese @

With near prolate rotors, substitution of an isolope may well
cause little change in the direction of the s axis but, because Ba C,
the band ¢ axes are very likely to be turned appreciably around the
a axis. However, with assumption of a fixed a axis, the diagonal sum
rule makes I, « I, independent of the orientation of b, ¢ around a.
Therefore, eqn (2) is correct even if substitution causes a large
reorientation of b, ¢ around a.



