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Absurd-The low resolution and high resolution microwave spectra of 4.MiAuoropipcrtdme and the $.dcufero 
analog have been recorded Based on a low rcsoluuon microwave adaptation of Kraifchman’s equations. IIW 
spcc~s giving rise to UK single observed low rcsolutlon band scrwzs is wcn IO be the S-H equatorial conformer 
This result is v&cd by obtaining the principal axis coordinates of the amine hydrogen atom via an atslgnmcnt of 
the high resolution microuavc spectra of the normal and N-D compounds Consideration of the least intensity of 
the N-H axial conform~r’s spectrum that would be necessary for it to be observed. leads to the result: 
A5G t 0.89 kcailmolc for the equatorial P axial equilibrium. 

The main interactions influencing the conformation of 

o-membered cyclic compounds arc generally accepted to 
be 1.3 dianial and gauche-vicinal. Because these intcrac- 

tions are small in the tax of pipcridine, efforts that 
would have been more than ample in most cases were 

required to determine its conformation. With the wealth 
of inconclusive and sometimes conflicting data. it is not 
surprising that the preference for N-H equatorial in 

pipcridine itself took almost twenty years to gain ac- 
ceptance.’ 

The piperidinc situation was the subject of intensive 

investigation bccausc it is a simple case wherein, it was 
hoped. some differentiation might bc 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 intcrprctation 
is dependent on the compound in question.’ 

A number of compounds closely related to pipcridinc 

have been examined with the intent of shedding more 

light on the prcfcncd conformation of the parent com- 
Round. Among these, 44difluoropipcridine 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 conformations free energy in acetone 
solution is 0.42 kcallmolc. 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 verified previously that pipcridinc itself 

prefers the N-H equatorial chair conformation in the gas 

phase.’ Further evidence bearing on the problem at hand 
includes the observation that morpholinc exhibits a chair, 
N-H equatorial prefcrencc in the gas phase’ and tttra 
hydropyran” and 1.1.difluorocyclohexane~ exist cnclus- 
ivcly in a chair conformation. 

Stowlow er a/.’ have observed that the substitution of 
fluorine atoms in a polar flexible molecule may sig- 
ni~cantly alter the ~unformati~~l preference relative to 
the unsubstitutcd compound. Thus, it is not entirely 
obvious that the conformational preference of 4.4diflu- 
oropipcridinc should be the same as that of piperidinc. 

‘Bared on E M Hellott. Jr.. Ph.1). Dissertation. Harvard 
Unrvcrstfy t19761. 

Low resolution microwave spectroscopy is often able 
to furnish useful approximate structural information for 

large, nearly prolate gas phase molecultss It is known 
that most such molecules exhibit rotational spectra con- 

sisting predominately of a-type, R-branch fAJ = -1) 
transitions that occur in clusters or bands of nearly the 

same frequency. The frequencies of these low resolution 

absorption bands, whew widths at half height are fypi- 
tally 50 to I50 MHz, occur at integral multiples of B A C. 

A. B and C arc the rotational constants related as shown 
to the inverses of the three principal moments of inertia 

and hence to the molecular structure.” 
We had expected to observe two series of a-type, 

R-branch low resolution abso~tion 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 44difluoropipcridine. 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 equatorial 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 arc presented for 

comparison to 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, Krditch- 
man’s equations” permit the determination of the prin- 
cipal axis coordinates a. b and c of the atoms in question. 

One advantage of low resolution microwave spec- 

troscopy is the ca.u of intc~rctation of the spectra in 
terms of various conformers or geometric isomers. Rut 

in certain cases, where a conformational interconversion 
does not lead to a significant change in H + C or when 
only one conformer can be obscrvcd. a low resolution 
version of Kraitchman’s equations may be useful. 
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Table 1. 4.4.f~fluclropiperldine mtcrouar-c spectral assignments 

1709 

Transition 

5oi+4 
5,t*6,. 
L-6,, 

Ohs, frequcnij Calc frcqucncy 
.Vormul c ompound 

19160.3 Ii(H) 1916o.?u, MHI 
lRwx3 IR968.16? 
202YI x 2@91.‘39 

Difference 

0.070 MHI 
0.133 

0.261 
!,+6,, 197’0.3 * iY”i.133 *_ -0.x33 
&-.i*. 2D8.4 ???08 372 0.028 
h.47,. 22OY.b ??OX.Sdn 0.060 
h. -+7,, 23533.2 23533.233 -0.033 
6,,+7,, 238M.’ ,‘3u66.490 0210 
6.. -9 f;_ 

;;.+ 

z947.~ !_%7.446 0.054 
vi<< < c -,.. vx< UIJ _. _. 0.0% 

7,.-8,. 2’170.: 2~1’0640 0060 
7,-n,. Zhl48.X ?hW 89: OOY? 

__.I 

A -: 3.NJ.O: IC 0 9’1 
I3 - 1770.409: o.oI2 
C = 105.0!? z 0.01x 

~~rd;naIc~ of N-H Cuurdinrtes of 9-H Experimental 
Eqtquatorial. calcul~led Axial. calculaIcd coordmafes 

a 3.01tl .i a ” 2 iv1 A a- 3.003+0.006.~ 

h-0 h-0 b-0 

c:.o.lW i 13x c 2 -0.OJ2 zo.31 

Transition Oh*. frcqucnrj- Calc. frequent) Difference 
.V ~l)r?utcnt ~~~rnpoKnd 

L+tb 1x663.2 MHz 1X&3 162 MHI 0.038 MHz 
L-6,. I84~X.X I%458 644 0 1.56 
&+7,. 21633.6 !I633 f&6 0.046 

q 
6,. - I,,. “wt.: _I 3nh7:3 0073 
6,,+?,. !I& 3 ‘I486.lil 0 I29 

- 
h:,-. ;:. !3l43.0 !314! 644 0.3-M 
6,,+7, ‘2:3,x3 “‘I4 964 __. -164d 
7,,~% !.iCr)c) 9 24% Y?? 0.0x? 
:,,-•W,. ?!9Yl! YYI 3:s -0.1 sr 
7,.+x,. 24cot.9 !4%18O4 O.&S 

A - 33OtLY7Y * I.l’6 

B = 1716.109~0.031 
C i 14943;6?0029 

steric energy destabilization of 02Y kcal/mole relative IO 

the N-H equatorial one. Furthermore. a dipole-&pole 

~nleraclion term, calculated by classical inlcra~ti~~n of 
dipoles in a medium of dielectric constant 1. adds a 
further I.61 kcallmole IO the relative instability of the 
N-H axial species. Professor Allinger consider\ the 
dipoie portion of the conformational energy to be exag 
gerated and suggests that the actual ~~~nf~~rrnati~~nal 
energy difference is on the order of 0.S1 .O kcallmole.“ 

High resoluht nricrowa~~e spectrd ussi~nmenrs 

It was possible, furthermore. to make an assignment 
of I/W spectrum of &&difluoropiperidinc under high 
resolution conditions. Only a-type. K-branch transitions 
could be observed. Table 3 presents a lcast squares fit of 
the observed trancitionc to three rotational constants 
without centrifugal distortion trrms, for both the S-H 
and N-D species. ~termination 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. 

Lou- rcsclution microwave spectra wcrc recorded in ~hc K. 

and K-hands I I&26 5 and XL40 GHZ, respccltvcfy) on a Hew. 
lett.Packard 846OA microwave spectrometer at room icm- 

pcraturt 1%25T1. The tpcctra were recorded at a scan rate of 
10 SiH? per \ec with a I c*c recorder rime constant. MO\ 
&c-to-base Stark voltage was found lo modulate lhc lransttionr 

WiLcnil~ for a strong spcclrum to hc recorded at -50dR gain 
uith total gas presures of W-IWmTorr prcssurc tn fhc cell. 
High resolution rpcctrz uere recorded on the urnt in\I~rneni at 
slow- xran rate\ wtth IO-20 mTorr total gas pressure. 

SSIK \pecrra acre obtained uctng Tartan A~~iatc% A&l and 
XI.-IO0 m\trumcnt\ .All rpcrra were obtained as (‘Ix’l, \olu. 
[Ions Proton chemical shifts arc reported in ppm downticld from 
mlcrnal ‘INS 16 scale) Is I- chcmKd shifts arc reported in ppm 
from cxlcrnal tnfluoroaccfic acid. 

IK yxctra s-crc recorded on a Pcrkin-Elmer 137 insirumcnr. 
1H frcqucncxx arc reported m wrvcnumbcrs (cm ‘1. 

4.~di~uoropi~r~dl~. 1. was prepared via a scqucncr of rcac- 
IWIS outhned m Scheme 1. All chemiczdlr and solvcntr arc 
rcrpent grade. uud a\ reccivcd 
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kctonc. 5. were treated with a stream of SF,. bubbled vigorously 
through the reaction mixture via a slainkrs steel hypodcrmrc 
necdk Sufficknt SF. was bubbled tnlo the reaction Aask in this 
manner to n&it a rubber balloon to approximalely 8 inches in 
diameter. Stirring was continued for 3 days under the SF. at. 

mosphcre. T?K SF, was replenished occasionally when the 

balloon became limp.” 
Sdvcnt was removed and the residue was chromatographed 

IO.25 x 200 x 200mm silica plate. ethyl acetate eluentl to give co 

400 mg of the amide 6. & = 0.65 (6.1% yield). 
IR (NaCIl: amide. l?OOcm I; gem dilluoro. 110&1200; CF,. 

7.X 758 SMR tDCCI,I: 3,SCH,. 2.1 I (4H. ml; 2.6-CH,. 3.88 t4H. 

ml; CF,. 6.64 ppm downfield from external TFA t3F. Sl: CF,. 
22.85 ppm uplicld IZF. quintet. JHF = I? Hz!. Mass Spectrum: 
m/c 217. 48%. Parent; mlr 148. SOLX. P-CF,; mfe 120, I@& 
P-CF,CO. 

The volatile amine. obtained by ether extraction of the basic 

aqueous hydrolysare and gas chromatographic porificatton has 
the following spectral properties: 

IR (NaCIl: Amme. -324Ocm ‘. 780; CF,. 1120. 1147. NMR 
IDCCI,). 3.5 CH,. 1.93 t4H. ml: 2.6 CH,. 2.98 t4H. m. broad): 

S-H. I.61 IIH. Sl: CF,. 1984ppm upfi;d from external TFA. 
t2F. m. broad) Mass spectrum’ m/r 121.67R. P; m/r 120. 1009~. 

P-H; m/r 100.38’5. 120.-HF: m/c 80,3SR. IOO- HF. 
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Appendix. lkricafion of isotope N/C 

In ca.vz the substitution of one nuckur by an isotope has 
negligible effects due to the rotation of the principaJ axes, 

Kraitchman’s equations” kad immediately to the result: 

2a’ + b’ + c” = tk!~hJI. + Al,) 

where a. b, c arc the coordinates of the substituted nuckus in the 
principal axes of the unsubstitutcd molecuk. Here 

where H is the toral mass of the original mokcule and Am is the 

change in mass of the isotopically substituted nucleus. Al. = 
1: - I., the change in the a principal moment of inertia on isotopic 

substitution at one nucleus. 
But I. = kIA where k = (h18a’l and A is the A rotational 

constant in frequency units. 
In near prolate mokcules B - C so if we kt x = (l/ZhB -Cl. 

8 = (l/Z)(B -Cf. Mx will IX relatively small. Then 

l+i=L+L.! ( f, 6 6’ 
..4 ._... 

R c x.6 x-b x x x’ 

+i ]+f+$... ( > 
=i(Ir$..-)*~withnc&ct 

of (B -C/B + Cl’ compared with unity 

.Za-‘tb’+c*=l4Wal 
I I 

tt;;-C _- B+(: 
) 

Btf-8’ C 
=(4kf@I----- 

IB t ChB’+ Cl. 
I21 

With near prolate rotors, substitution of an isotope may well 
cause littk change in the direction of the a axis but. because B p C. 

the band c 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, c around a. 
Therefore. cqn (21 is correct even if substitution causes a large 

rcoricntation of b, c around a. 


