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Chiroptical properties of several 2 or 3 monosubstituted azetidines, pyrrolidines and piperi-
dines as free bases and N-[2-pyridyl N-oxide] derivatives has been examined. The absolute con-
figuration can be unambiguously established, independently on the nature of the substituent and
the size of the ring, only for 2-substituted N-[2-pyridyl N-oxide Jamine derivatives. This behav-
iour is explained in terms of limited rotational freedom in these compounds.
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where R = H or a chromophoric group

We have long been interested in the chiroptical proper-
ties of some chromophoric derivatives of primary and sec-
ondary open-chain amines with the general formula (A),
containing an asymmetric carbon center attached to the
nitrogen atom (2). It has been established that, when the
amine part contains a chromophoric group in addition to
that carried by the nitrogen, the sign of the Cotton effect
basically depends on the geometry of the homo-conju-
gated chromophore, resulting from the spatial arrange-
ment of two unsaturated groups. When Rj3 is an alkyl
group, however, the sign and the absolute magnitude of
the Cotton effect depend on the presence of a favoured
conformer in the mixture of rotamers.

This regular behaviour has been observed with all the
amino derivatives (A) in which the chromophoric group R
greatly restricts free rotation about the N-R bond. In fact,
it has been found more recently (3) that, if the molecular
structure of R lacks the steric or electronic features needed
for the conformational stability of the compound (A),
then it is no longer possible to correlate the absolute con-
figuration of the amine with the sign of the Cotton effect
in the condensation product.

The work has now been extended to chiral cyclic am-
ines with the general formula (B), containing an asymmet-
ric carbon center in positions 2 and 3 with respect to the
amine nitrogen. The aim of this was twofold: partly to
examine the case of only steric hindrance to rotation about
the N-R bond, caused by substituents in the amine part,
and partly to test the validity of the above-mentioned
semi-empirical rule for compounds different from those
considered before.

Other authors have already examined the chiroptical
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properties of some derivatives of these amines, namely
thiourethanes, dicarbamates, V-chloro derivatives, nitroso
derivatives, etc, (4).

The chromophore in the present work was the 2-pyridyl
N-oxide group, which is the R group we had used most
often before (2a,b). The cyclic amines examined had the
general formula (B), with R = H (see Table I). For many
of these absolute configuration first had to be determin-
ed by chemical correlations (5-10). The data in Tables
I and [1I show the physicochemical characteristics and the
chiroptical properties of the corresponding pyridyl N-ox-
ide derivatives.

The circular dichroism curves recorded in methanot for
the free amine (B) with R = H and without any additional
chromophoric groups in the substituents R4 and Rs (cf.
Table 1) give no indication as to the configuration, because
they have no peaks at wavelengths greater than 210 nm,
and the shape of the dichroism curve in this region cannot
be classified, owing to strong absorption and the low ro-
tational strength in the compounds studied. Better results
have been obtained by using hydrocarbons as solvents (11).

In agreement with previous observations (12), amines
with a carboxyl group in R4 or Rs show a positive Cotton
effect centered on a_position corresponding to an n > n*
transition. Only amines with an aromatic substituent in
R4 next to the amine nitrogen gave a Cotton effect with
a fine structure in the region of 250-270 nm, the sign of
which was reversed on going from 2-phenylpiperidine (XII)
to 2-(2"-pyridyl)piperidine (XIII).

The introduction of the 2-pyridyl N-oxide group on the
nitrogen shifts the absorption maximum of these com-
pounds towards longer wavelengths, thus facilitating the
measurement of the circular dichroism. The data in Table
III show that all the compounds under consideration have
a dichroic maximum around 330 nm. All the compounds
with a substituent in position 2 that is oriented like R4
give a negative Cotton effect, irrespective of the nature of
this substituent and of the size of the ring. If, however,
the substituent is further away from the chromophoric
group, the sign of the Cotton effect is no longer consistent.
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Table |
CD Data for Free Amino Compounds

CcDh Abs, conf.

Compound n X Rq Rs A max (nm) {6]-1072 references
S-(-) o - COOH H 217 +12 (12)
R-(-) -1 -S- COOH H 217 +9 (13)
S-() -1 -CHOH- COOH H 215 + 6 (14)
S-() -1V 1 -CH,- COOH H 215 + 6 (15)
R-(-)-V -CH,- CH3 H SR (16)
S-(-) -Vl -CH;- CeHs H 260 +40 )
R-(+)-vll CH,- H CHy 17)
S-(+)-vil CH,- H CeHs e e (10)
S-()-1X -CHs,- COOH H 212 +13 (18)
R-(-) -X CH,- CH; i — e (12,18)
R-(-) -XI CH,- CHs H e e (19)
S- () -XII CH;- CeHs H 260 +3 (9)
S-(-) -XIII 2 -CH;- g-pyridyl H 260 -42 (a) (20)
R-(-) -X1V -CH,- H COOH 217 +5 (21)
R-(-)-XV -CHy H COOCHs — (5)
R-(-) -XVI -CH,- H CHy e e (5,6)
S-(+)-XVII -CHj- H CeHs e e (8)
BaR-(+) -XVIII CHa- trans-decahydroquinoline — e (22)

(a) Optical purity 65%.

Thus, the compounds substituted in position 3 exhibit a
positive or a negative Cotton effect according to whether
the ring has live or six members, though the chirality re-
mains the same.

This behaviour might be attributed to the fact that the
substituents in position 2 strongly restrict free rotation
about the N-R bond, hence they condition the chiroptical
properties of the pyridyl N-oxide derivatives of the corres-
ponding amines, these properties being connected exclus-
ively with the orientation of the substituent.

When, however, the substituent is in position 3, the
pyridyl N-oxide group has greater rotational freedom, so
that the sign of the Cotton effect of these compounds
depends mainly on the conformational changes in the ring
structure.

T'his hy pothesis was conlirmed by recording the circular
dichroism curve lor the pyridyl N-oxide derivative of 8a-
R-trans-decahydroquinoline (XVIIL), which can be regard-
ed as a piperidine ring substitluted in positions 2 and 3.
The Cotton effect observed for this compound was found
to agree with that expected from the orientation of the 2-
substituent according to the absolute configuration es-
tablished before (22).

It can be concluded from these observations that the
investigation of the chiroptical properties of pyridyl V-
oxide derivatives of cyclic amines substituted in position

2 permits their absolute configuration to be established
unambiguously.

EXPERIMENTAL

Microanalyses were conducted by Dr. R. De Leonardis, Istituto
di Chimica Farmaceutica, with a Hewlett-Packard Model 185 C.H.N.
analyzer. The melting points, determined with a Tottoli apparatus,
are not corrected. CD and uv spectra were recorded in methanol
with a Cary 61 dichrograph and with Cary 15 spectrophotometer,
respectively; cells of 10 mm path length and concentrations about
0.01 mg./ml. were used.

General Procedure for the Preparation of N-[2-Pyridyl N-oxide]-
amino Acid Derivatives.

Amino acid (1 mmole), 2fluoropyridine N-oxide (1.2 mmoles),
sodium bicarbonate (3 mmoles), dissolved or suspended in water
(1-3 ml.) were stirred at room temperature for 48 hours. By care-
ful acidification with diluted hydrochloric acid, solid precipitates
were obtained which were purified, after decoloration with active
charcoal, by crystallization. Physical and analytical data are re-
ported in Table 11.

General Procedure for the Preparation of N-[2-Pyridy! N-oxide]-
amino Derivatives.

The amino compound (1 mmole) was reacted with 2-fluoropy-
ridine N-oxide (1.2 mmoles) in the presence of sodium bicarbonate
(I mmole) in a mixture (1:1) of water-ethanol (5 ml.) at room
temperature for 3 days. The reaction mixture was then concen-
trated under vacuum and extracted with dichloromethane.

The residue obtained from evaporation of the organic solvent
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Table 111

Uv and CD data for N-{2-Pyridyl N-Oxide Jamino Derivatives

N-{2-Pyridyl N-Oxide ] uv

Derivatives of X\ max (nm)
S-(-) -1 330
R-(-)-1I 325
S-(-) - 111 335
S-(-)-1V 335
R-(-)-V 330
S-(-)- VIl 335
R-(+) - VIl 342
S-(+) - Vlll 337
S-()-1 325
R-(-) - X 327
R-(-)- XI 332
S-(-)-Xll 315
S-(-) - X1 315
R-(-) - XIV 325
R-(-)- XV 323
R-(-) - XVI 328

S-(+) - Xvll 325
&1R (+) - XVII 320

CD
log ¢ A max (nm) {6} 1072
3.63 329 -178
3.53 325 -168
3.61 335 172
3.59 335 -142
3.52 337 - 79
3.61 337 - 64
3.61 342 + 37 (a)
3.63 337 + 95
3.53 325 -187
3.49 328 - 79
3.53 332 125
3.36 332 - 71(b)
3.44 330 - 9(0)
3.53 332 - 20
3.51 330 - 20
3.50 323 - 11
3.53 323 - 43
3.08 325 - 10(d)

(a) Optical purity 46%. (b) Optical purity 50%. (c¢) Optical purity 65%. (d) Optical purity 76%.

was purified by column chromatography on silica gel (ratio 1:20).
Liquid derivatives were then distilled twice under vacuum. Solid
derivatives were crystallized or sublimed. Physical and analytical
data are reported in Table I1.
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