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Abstract-Optical rotatory dispersion measurements on pyrrolidine, piperidine, and tetrahydro- 
isoquinoline alkaloids indicate that the absolute configuration of the z-asymmetric center may be 
assigned directly from the dispersion curve, provided either that the nitrogen atom is not protonated, 
ar that the compound contains a chromophore absorbing above 200 rnp. 

IN ORDER to test the general validity of assignment of absolute configuration to 
amines asymmetrically substituted in the a-position, by anomalous rotatory dispersion 
measurements in the 200 to 225 mp region ,z the dispersion curves of nicotine (I), 
anabasine (II), and (-)-cotinine (III; Fig. l)lwere compared with those of L-proline 
and L-pipe&olic acid2 (Fig. 2). 

FIG. 1, Optical rotatory dispersion curves of 
S-(-)-nicotine (-), 
S-( -)-anabasine (- - -), and 
S-( -)-cotinine (a - - -j 
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FIG. 2. Rotatory dispersion curves of 
L-proline (- - -) and L-pipecolic 

acid (-). 

l Supported by research grant HE-5881 from the National Institutes of HeaIth, U.S. Public Health 
Service. 

3 J. C. Craig and S. K. Roy, Tetrukedron 21, 393 (1965). 
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Nicotine has been assigned the S-configuration with reference to both r.,-prolines 
and L-serine ;’ anabasine has been related to L-pipecolic acid,s and (-)-c&mine has 
been reduced to (-)-nicotine6 and therefore also has the S-configuration. The 
dispersion curves in Figs. 1 and 2 are clearly of the same general type, with the 
addition in the first group of the algebraic sum of the partial rotations associated 
with the strong absorption bands (E 25,000) of the pyridine ring at 256,263 and 270 rnp 
(as in 3-methylpyridine’), in place of the smaller Cotton effect due to the more weakly 
absorbing carboxyl group (3,,, 2m210 rnp, E 40-70)* in the a-amino acids. 

The extra shoulder in the dispersion curve of (-)-cotinine is the result of the 
partial rotation due to the lactam group associated with an additional absorption in 
the 20&220 rnp region,a such as that found at 205 rnp (log E 3*46) in I-methyl- 

* 2-pyrrolidoae, but not detectable in the UV spectrum in the present case due to 
intense end absorption. All compounds in Figs. 1 and 2 are configurationally identical, 
and all five show the marked steep descent of the rotatory dispersion below 220 mp, 
previously reported* to be characteristic of the L-configuration in a-amino acids. 

The effect of a chromophore other than the pyridine ring is shown in the dis- 
persion curves of Fig. 3. In Lpelletierine sulfatG* (IV) two Cotton effects, centered 
at 282 and 235 rnp, correspond to an UV maximum at 272 rnp (E 53; C = 0) and a 
shoulder at 230 q (8 24), while in L-proline methyl ester hydrochloride the weak 
carbomethoxy chromophore, * though not discernible in the UV spectrum due to 
rising end absorption, is responsible for the Cotton effect centered at approx. 213 rnp. 
Again both dispersion curves of these L-compounds descend rapidly below 225 rnp. 

In L-alaninol (Zamino-l-propanol, V; Fig. 4), the carboxyl function of alanine 
has been replaced by a primary alcohol group. The compound shows only rising 
end absorption in the UV, and exhibits a plain, steeply descending, rotatory dis- 
persion curve, in agreement with its L-configuration. 

D-Coniine (VI), a naturally occurring piperidine alkaloid, gave a plain dispersion 
curve (Fig. 4) showing a steep ascent below 225 rnp, similar in type to that of D- 

pipecolic acid, but lacking the Cotton effect of the amino acid. Resolution of 2- 
methylpiperidine was effected via the enantiomeric salts with D- and L-tartaric acid, 
respectively. The (+)-base (+)-bitartrate and (-)-base (-)-bitartrate both had 
m.p. 126”, and were dimorphic forms of the same compounds, m-p. 112”, reported 
in the literature. l1 It is interesting that their diastereoisomers,ll the enantiomeric 
(+)-base (-)-b t rt t i a ra e and the (-)-base (+)-bitartrate, also have m.p. 126”. The 
configuration of the (+)-base (+)-bitartrate and its enantiomer were confirmed by 

* P. Karrer and R. Widmer, Web. Claim. Acta 8,364 (1925). 
* C. S. Hudson and A. Neuberger, J. Org. Chem. lS,24 (1950). 

‘5 R. Lukes, A. A. Arojan, J. Kovar and K. Blaha, Coll. Czech. Chem. Comm. 27, 751 (1962) ; 
a R. Lukes, J. Kloubek, K. Blaha and J. Kovar, Ibid. 22,286 (1957). 
o H. McKennis, L. B. Turnbull, E. R. Bowman and E. Wada, J. Amer. Chem. Sot. 81,3951 (1959). 
7 H. V. Daeniker, HetU. Chim. Actu 3!!,1955 (1952). 

8s J. W. Sidman, Chm. Reu. 58,689 (1958); L H. H. JafTb and M. Orchin, 77zeory czd Applications 
of Ultrcruiolct Spectroscopy. J. Wiley, New York (1962); c W. D. Closson and P. Haug, J. Amer. 
Chem. Sot. 6 2384 (1964). 

* F. Korte and K. H. Lohmer, Chem. Ber. 91,1397 (1958). 
IO R. E. Gilman and L. Marion, Bull. Sot. Chim. Fr. 1993 (1961). 
Ita W. Marckwald, Ber. Dtsch. Chem. Ges. 29, 43 (1896); b A. Lipp, Lie&s Ann. 289, 173 (18%); 

c W. Leithe, Mowtsh. SO,40 (1928). 



Optical rotatory dispersion and absolute configuration-111 403 

conversion (ion exchange) into the known (-)- and (+)-hydrochlorides, respectively, 
and thence into the (+)- and (-)-bases. The dispersion curves of these were exact 
mirror images (Fig, 4), and that of the (+)-form agreed closely with the curve given 
by D-coniine.* 
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Fm. 3. Rotatory dispersion curves of L-pelletierine sulfate (- - -) and L-proline methyl 
ester hydrochloride (-). 

Since coniine and 2-methylpiperidine show only rising end absorption in the UV, 
it may be concluded that the steep ascent or descent of their dispersion curves below 
225 rnp is caused by a partial rotation associated with an absorption band located 
below 200 rnp, Saturated aliphatic and heterocyclic amines are, in fact, known” to 
show absorption maxima in the 200 rnp region, which must be due to excitation of 
the lone-pair (non-bonding) electrons of nitrogen since this absorption disappears in 
acid solution. In agreement with this finding, the rotatory dispersion curves of the 
salts of both coniine and 2-methylpiperidine no longer present the steep ascent or 
descent found below 225 rnp in the spectra of the free bases, but are flat and 
featureless. 

We can, therefore, conclude that in any amine so far examined, possessing a 

l A warning may be needed here to point out that the use of the Cahn-Ingold-Prelog convention’* 
makes (+)-coniine a member of the S-series due to the operation of the sequence rule in which the 
n-butyl chain of the ring has priority over the n-propyl sidechain. In fact, it is however clear that 
rxoniine is related to u-pipecolic acid. It has alrcadyW been stressed that the sequence-rule symbol 
R or S refers only to the compound actually in question, since symbolism may be reversed on sub- 
stitution on or near the chiral center, and does not correlate chemical or biogenetic families. To 
deduce absolute configuration from rotatory dispersion, the configurational comparison must 
therefore clearly be based on the D- or L-amino acids. 

1’s E. Tannenbaum, E. M. Coffin and A. J. Harrison, J. Gem. Php. 21,311 (1953); * L. W. Pickett, 
M. E. Coming, G. M. Wieder, D. A. Semenov and J. M. Buckley, J. Amer. Chem. Sm. 75,1618 
(1953). 
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FIG. 4. Rotatory dispersion curves of D-coniine 
(-), 2-methylpiperidine (- - -), and 

balaninol (- - -). 

FIG. 5. Rotatory dispersion curves of 
tetrahydropalmatine enantiomers. 
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FIG. 6. Rotatory dispersion curves of Aaudanidine (- a -), warmepavine (-), 
and L-norarmepavine (. a - -). 



Optical rotatory dispersion and absolute configuration-111 405 

single a-asymmetric center, its absolute configuration may be assigned from the 
direction of the dispersion curve between 200 and 225 mp, provided that at least one 
of the following conditions is fulfilled: either that the amine is not protonated, or 
that the compound contains a chromophore absorbing above 200 rnp. 

The ready applicability of the method to D- and L-tetrahydropalmatine (VII), a 
protoberberine alkaloid of known absolute configuration,13 is shown in Fig. 5. The 
negative Cotton effect of (-)-tetrahydropalmatine at 300 mp has also been corre- 
lated14 with its absolute configuration by comparison with the plain curve of opposite 
sign given by (+)-1,2-diphenylethylamine at that wavelength. 

In the benzylisoquinoline alkaloids, D-( -)-laudanidine (VIII) of knownD*lb~le 
configuration gives a dispersion curve (Fig. 6) with the anticipated positive (ascending) 
“tail” below 225 mp. Although the closeIy related (-)-armepavine (IX)16 and 
(-)-N-norarmepavine (X)17 are both levo-rotatory, their dispersion curves (Fig. 6) 
show clearly that the latter possesses the L-configuration, while the former is a member 
of the D-SetieS. This is in agreement with known chemical transformations which 
have established the correctness of these absolute configurations.1s~17 
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I* H. Corrodi and E. Hardegger, HeZv. Cknr. Acla 39,889 (1956). 
1’ G. G. Lyle, J. Org. Chem. 2!5,1779 (1960). 
1‘ B. Frydman, R. Bendisch and V. Dculofeu, Tetruhedron 4,342 (1958). 
1’ M. Tomita and J. Kunitomo, J. Phurm. Sot. Jupn 82,734 (1962). 
1’ S. M. Kupchan, B. Dasgupta, E. Fujita and M. L. King, J. Phm. Sci. 51,599 (1962). 




