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A&&&-The CD spectra of lUteen 2-rubstituted pip&dines 2 md their N-matbyked derivatives 1 have been 
determined. The sign of the Cotton effect observed for the MU* transition of nitrogen is shown IO be conelated. 
for a given absolute co-n. with tbe axial or quatorLl orientation of the nitrogen lone prir. and to be 
detmmioed by the screw sense of the Micity between I& nitrogen lone pair and the 2-substituenf R in I unf 2: for 
compounds of the absolute D con&nation. a positive belicity gives a positive CD md vice versa. 

Tk longest wavekngth transition of saturated aliphatic 
and heterocyclic amines is the n + ti transition involving 
a nonbonding orbital of nitrwn and the u* orbital of the 
C-N bond. This transition, which is kcatal near 200 MI. 
disappears on protonation” Early ORD’ measurements 
on coniinc and 2-tnathylpipcridine showed that the n-+ 
u* transition of pip&dines is optically active, and sub 
sequent work on the absolute configuration of several 
pipcridinc alkaloids5 demonstrated for the llrst time that 
the Cotton effect (C.E.) of the n-u* transition of 
nitrogen could bc observed directly by CD. 

The ptB&?nt study reports the CD spectra of fifteen 
optically active 2-substituted pipcridiues 2a and their 
N-Me derivatives la. and a simple helicity rule. 
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Tk CD data for 15 pip&dines are given in Tables 1 
and 2. Tksc include 8 number of natural products‘ and 
their N-Me derivatives. All the compounds listed in 
Tabks 1 and 2 arc rclatcd to ~pipocohc acid, as shown 

in the Fischer protection lb. Since the n+o* transition 
rquires the presence of a lone pair of electrons on 
nitrogen. the CD in every case vanished completely on 
protoaation. Measurements were made in 95% alcohol 
and (in a few cases) also in cyclohexanc. The alcohol la. 
R- n-(CHz),,OH is derived from the macrocyclic 
spcrmidine alkaloid oncinotin’ 3 and was employed to 
assign the absolute cou6guration of 3 as L by chiroptical 
correlation with I-methylconiinc. It had been demon- 
strated earlier” that the OH function did not interfere in 
this assignment. 

lj 

Lie the n+a* transition of the CO chrDmOphOrC, 
the n + u+ transition of nitrogen shows a prominent blue 
shift of about 20nm on going from a non-polar (cyclo- 
kxane) to a polar (95% alcohol) solvent, with a con- 
comitant dccrcase in intensities (Fig. I). In the case of 
tha n+ w+ transition, the polar solvent tends to stabilize 
the nonbonding orbital more than the antibonding orbital, 
resulting in a blue shift of the spectrum,’ and the same 
argument may k applied to the n + u* transition of the 
cyclic amincs 1 and 2. 

The markedly enhanced CD intensity observed (Table 
2) for Zmcthyl- and 2cthylpipcridinc (Fig. 1) in cycle 
hexanc vs alcohol solution may be due to increased 
intermokcular H-bonding in the nonpolar solvent for 
tksc -NH compounds since this change does not seem 
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T&k 1. Circular dichiim of N-methyl pipdines la 
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H-bonding from the OH of the o-OH substituted side- 
chain R to the amino group is probably responsible for 
the blue shift of the CD maximum (cc. 5 nm). This may 
be caused by the lowering of the ground state energy of 
the nonbondinp orbital of nitrogen. The gteater r@dity 
of the H-bonded structure also results in an increased 
value of the cllipticity for these two compounds. 

The most favored conformation for the 2-substituted 
NH pip&dines 2 will be that with an NH axial pnf- 
crence and an equatorial electron pair (Rig. 3). As in B -moo 
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Fu. 1. CD spean of o-(+)-241ytpip&& in 95% ethanol (---) 
and cycJobcxule (-). 

to occur in the corresponding N-methyl-2cthylpiperidine 
(Table I). 

It has been established by NMR’ and several other 
physical methods” that the pip&d& system exists in a 
nearly perfect cyclohexane chair conformation. Two 
processes may be operative in this system: ring reversal 
and inversion of nitrogen. As the proton NMR spectrum 
of piperid&3JJsd4 consists of two fairly sharp 
peaks at temperatures above -lo”, both processes must 
be fast on the NMR time scale.” 

For 2.alkylsubstituted pip&tines of both types I and 
2, the a-substituents are generally assumed to occupy the 
equatorial position in order to minimixe steric inter- 
actions between the neighboring tin8 sub&tents. This 
has been continned by several studies using both ‘H 
NMR12 and “C NMR,‘%” and the same has been shown 
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methods that the Me group in N-methytpiperidines has a 
decided preference for the quatorial position, with an 
axial lone pair of ekctrons as shown in Fii 2. where the 
Newman projection is drawn looking at the asymmetric 
center and along the C-N bond. 

All the N-methytpiperidines shown in Table 1 have a 
positive C.E. below 20Onm. Although the maximum 
could not be reached in 95% alcohol solution, use of 
cyclohexane as solvent made it possible to observe the 
CD maximum at 204~1 for the I-methyl-241~1 com- 
pound. Assuming a solvent shift of co. 20 nm; this would 
place the CD maximum in alcohol at co. 185nm. in 
ageement with the fact that this CD maximum was not 
reached at 188 run. 

Table 2 gives the CD data for the compounds of type 2 
possessing an NH group. These [with the exception of 
u-(+)-pipecotine (2, R= Me)] show a negative C.E. with 
a maximum at co. 205 run Usb cyclohexane, a similar 
solvent shift (cc. 20 nm) to longer wavelen8ths (227 nm) 
was observed for the 2.Et compound. In the case of 
D4-)-pipecolinol and u+)-conhydrine, intramolecular 
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Fig 2. Newman projection of 1. 
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Fu. 3. Newman projection of 2. 

pip&dine itself’0 this form is favored both by the gauche 
e&P (the axial conformation maximixins the number 
of gauche interactions between the equatorial lone pair 
on N and the vicinal polar C-H bonds) and by attractive 
1,3-axial N-H interactions.” 

However, in ~-MC substituted piperidines. “C NMR 
evidetlcP‘ indicates that both 2,b ad 2,Sdimethyl- 
piperidine, and 2-methylpiperidine, possess an quatorial 
~-MC pup and an axial electron pair, as in quinolix- 
idine.’ 3L No reasonable explanation of this anomaly has 
been advanced. 

The chiroptical properties of u-(+)-pipecoline appear 
to confirm the NMR evidence. Not only does its CD 
have the opposite sign (Table 2). but also the CD maxi- 
mum is shifted to shorter wavelengths (below 190 nm) in 
alcohol solution. This blue shift was also apparent in 
cyclohexane. It therefore appears to be the only com- 
pound in Table 2 which resembks in its CD proper&s 
the 13disubstituted compounds of type 1 (Tabk 1). It 
should be noted that its N-nitroso derivative shows 
similar CD behavior (sign of C.E. apposite to that of all 
other a-substituted N-nitroso compounds of the same 
con6gmation).‘9 If compound 2, R= Me possesses an 
axial electron pair, it thereby falls into the group of 
2-substituted pip&lines shown in Fig. 2. explaining why 
its CD spectrum conforms in sign and wavelength with 
those shown in Table I. 

The CD maximum of 2.alkylpiperidincs with an qua- 
torial electron pair 2 is thus generally found at higher 
wavelength (205nm) than that of those with an axial 
electron pair 1 (<2@I nm). This also applies to 2-methyl- 
pip&dine which from other evidence is thought to have 
an axial electron pair, and in which A, is <2OOnm for 
the CD. Although this means that the energy difference 
behveen the non-bonding orbital of nitrogen and the 
anti-bonding orbital of the C-N bond is gteater for the 
n-, u* transition of that conformation in which the elec- 
tron pair is axial compared with that in which the ekc- 
tron pair is equatorial, no theoretical interpretation of 
this fact is available. 

Comparing Fw. 2 and 3. it can be seen that the 
nlative positions of the lone pair electrons and the 
a-substituent R are opposite for the two cases. In Fu. 2. 
if one draws an arrow from the lone pair to the 0. 
substituent, using the pathway with smaller dihedral 
angle, it traces out a clockwise (positive) screw sense, 
while in Fe. 3, it produces a counter clockwise (nega- 
tive) screw sense. EmpiricaUy, for compounds of 



absolute tbconflguration, these screw senses may be 
correlated with the signs of &e Cotton effect, i.e. a 
clockwise screw sense of the helicily indicating a posi- 
tive Cotton effect, and a counter clockwise screw sense a 
negative Cotton effect. 

Itisof interesttha~inspiteof thefactthatcompounds 
of type 1 and 2 gave oppositely-signed CD maxima for 
the sumc absolute co&uration (IkbIes 1 and 21, aI1 
com~u~s of the L-series give negative plain ORD 
curves below 22Snm in alcohor” whether they are of 
tw 1 or 2. It should be noted that the ORD curve of 
r-(-)-con&e (R) in w&r shows a weak but distinct 
posit&e C.E. in the #K)nm region, ~0~~ the posi- 
tive CD ~ximum found at the same wavekngth.P Thus, 
the absolute configuration of t+-t2-ethylpiperidine (RI 
was correctly estabiished’9 by comparison of its ORD 
spectrum with L_(-)&nethylpiperidine CR) as reference 
compound. The sign of the CD maximum of 1 and 2 in 
the 200 MI region, corresponding to the II + ti transition 
of nitrogen, is therefore governed by the dihedral rela- 
tionship between the lone electron pair on N and the 
a-substituent R, and is related to the screw sense of the 
he&&y in the manner shown above. Therefore, assuming 
the preferred equatorial position of the sidechain R in 
boihland2,itwiUbetheoxiaiorequatorirlna~of 
the lone electron pair (i.e. the colophon) which will 
be the deciding factor in the helicity and hence in the 
sign of the CD. While the CD is conformationdepen- 
dent, the ORD curve is the result of the summation of 
the total (4-b a+) rotational conaibutions below MO nm. 
to which the lone pair of N does not contribute 
significantly, and in alcohol therefore appears to be in- 
dependent of co~o~a~on~ changes. 

The CD and ORD rn~e~a~ were carried out on a Rotis- 
seiJouan Me& II dicbrogaph and on a Jasco ORDCM at room 
temp. CD values are recorded es molecular eilipticity units [S] 
and sre given only for maxima or the lowest wavekogtha 
measWcd. 

‘This PIper forms Part 19 of the series “Gptical Rotetory 
Disprnioa and Absolute ConQumtion”. 
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