
Tetrahedron Letter8 No.18, pp, 2009-2020, 1966. Pergmn Rem Lfd. 
Printed in Great Britain. 

ABSOLUTE CONFIGURATIONS AND THE C-RING CONFORMATIONS OF 

LYCORINE AND RELATED COMPOUNDS EVIDENCED 

BY NMR AND CD SPECTROSCOPIES 

K. Kotera, Y. Homodo, K. Tori, K. Aono, ond K. Kuriyomo 

Shionogi Research Laborotory, Shionogi & Co., Ltd., Fukushima-ku, Osaka, Japan 

(Received 26 February 1966) 

STEREOCHEMICAL structure of lycorine, which is a main barit component of Lycoris 

rodiota Herb. (HIGANBANA), was elucidated by Takeda ond Kotero on the basis of 

chemical evidences on dihydmlycorine (1,2), while Nakagawa and Uyeo proposed the 

absolute configurations of lycorine ond dihydrolycorine by the application of Mills’s 

rule to some lycorine derivotives, OS shown OS the formulae lo pnd Ilo, respectively (3). 

However, there is no conclusive evidence for supporting their trans-B/C ring juncture, 

ond furthermore, the applicability of Mills’s rule to alkaloids such as lycorine deriva- 

tives has not generally been proved. Therefore, we report here confirmatory evidences 

for the absolute configurations of lo, Ila, caranine (lb)(u), and zephyranthine (llb)(!i) 

and their conformations of ring C by examinotion of nuclear magnetic resonance(NMR) 

and circular dichroism (CD) spectra of their derivatives.*’ 

In general, it is not simple to assign signals of protons on carbon atoms contiguous 

to the nitrogen atom in NMR spectra of quinolizidine and indolizine derivative% as 

demonstrated by several workers (6). Therefore, we firstly examined the spectra of the 

D-ring seco-derivotives (Illa-llld) derived from Ila and a-dihydrocaranine (1,4), next 

*’ The new compounds described in this communication gave satisfactory onolyses and 
bear clear stereochemical relations to the structures of la and Ila. 
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(la) Rj=Ri=OH, R33H2 
(Lycorine) 

(lb) R,=OH, RFH, kH2 
(Coranine) 

(Ic) R,=RFOAC, R3=Hz 

(Id) R,=RrOAc , b= >O 

R2 

(Illa) RI=OAc, RpH, RFH~ 

(I I lb) Rl=OAc , RFH , RF >O 

(Illc) R,=RFOAC, ReH2 

(Illd) R;=RfOAc, RF>O 

(Ilo) R,=OH, Rfi-OH, RFH* 
(Dihydrolycorine) 

(Ilb) R,=OH, RF-OH, l+=H2 
(Zephyranthine) 

(Ilc) R,=OAc, R+OAc, R3=H2 

(Ild) R,=OAc, R+OAc, RF>O 

(Ile) Rl=OAc, RF-OAc, Rf>O 

: . Br_ 

(IVa) RI=R~OH 

(F/b) R,=RpOAc 

(Via) R=H 

(vlb) R=OAc 
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investigated the spectra of derivatives (Ilc-Ile)af Ila and Ilb, and finally proceeded to 

the examination of the spectra of derivatives (Ic and Id) of la. The NMR spectral data 

obtained are listed in TABLE I, and examples of the spectra are shown in FIGS. l-4.** 

As shown in FIGS. 1 and 2, the spectra of lllc and its lactam Illd show not well- 

resolved triplets for the C-l proton signals at ~4.49 ond 4.35(Wt/z=-7c.p.s.), and 

quartets for the C-2 proton signals at T 5.07 and 5.02(J=2.7c.p.s.), respectively, 

which disappear in the spectra of llla and its lactom Illb. These facts indicate that 

the C-l and C-2 acetoxyl groups in Illc and IIId, and the C-l acetoxyl group and the 

C-l lb hydrogen in Illa-llld have all tmns-diaxial configurations on the choir C-ring, 

on the basis of the well-known Karplus correlation (7). In the spectrum of Illd (FIG. 2), 

an AB-type quartet further split into a doublet at ~6.11 (J=l3.0 and 3.7c.p.s.)and a 

quartet at r6.52(J=13.0,2.7, and 0.8c.p.s.). On double irradiation at the C-l 

proton resonance frequency, the C-2 proton signal is reduced to a triplet, and the C-l 1 

proton signal at T 3.36 and the signal at T 6.52 become sharpeti Furthermore, double 

irradiation of the C-l 1 proton makes the signal at T 6.52 into a clear quartet and the 

C-l proton signal into somewhat sharper triplet. These findings demonstrate that the 

signals at T 6.11 and 6.52 arise from the C-l Ic and C-l lb protons, respectively, and 

that the presence of a long-range spin coupling between the C-11 and C-l protons, 

besides the benzylic coupling (8) between the C-l 1 and C-l lb protons is evidently 

recognized. Similarly, the assignments of signals in the spectra of Illa, Illb, and lllc 

were performed by the proton spin-decoupling experiments. The C-7 proton signals in 

** All the NMR spectra were taken with a Varian HA-100 spctrometer operating at 
100 Mc.p.s. field by using about 5% deuteriochlomfonn solutions containing about 
1% tetramethylsilane (TMS) as on internal reference, unless otherwise noted. Protoh 
spin-decoupling experiments were performed by using a Hewlett-Packard 206 ABR 
oscillator in the frequency sweep and TMS lacked made operation. Chemical shifts 
are expressed in s-unit and coupling constants (J, apparent absolute value) and 
half-height signal width (WI/~) in c.p.s. 
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Ilk appear ot t 6.27 and 6.68 as an AB-type quartet. The long-range homobonzylic 

coupling (6) between one of the C-7 and C-l 1 b protons together with the benzylic 

coupling between the C-7 and C-B protons was also obsorvod. As a rosult, from the 

large coupling constants between C-l lb and C-llc protons and the small coupling 

constants between C-llc and C-3a protons, it was confirmed that the compounds Illo- 

llld have tmns-B/C ring juncture, and that the othyl group attached to C-3a has an 

axial configumtion (7). Another ovidence for the 1 &diaxiol rolations among the C-2 

acetoxyl group, the C-l 1 b hydrogen, and the ethyl group can be obtained from the fact 

that the signals of the C-l lb proton and the methylene protons in the ethyl group in 

lllc and llld are shifted downfiold due to the C-2 acetoxyl group whon compared with 

those in llla and Illb. 

The spectrum of Ild shows a more complicated pattern because of the appearance of 

the signals arising from the C-5 protons at relatively lowor fields, but decoupling ex- 

periments confirmed the assignments shown in FIG. 3. Here also, we recognirod tmns- 

B/C and cis-C/D ring junctures from the coup1 ing constants of the C-l 1 b and C-l lc - 

proton signals and the presence of the long-range couplings between the C-11 and C- 

l lb protons and between the C-11 and C-l protons. In particular, a doublet of quartets 

signal at-r 4.97(J=7.8,4.8, and 3.2 c.p.s.) corresponding to the C-2 pmton gives on 

evidence for the conformation of ring C, which is evidently of a twisted form (7). How- 

over, in the spectrum of Ilc, we cannot definitely assign the C-l lc proton signal which 

is shifted upfield because of the benzone ring-current effect and obscured by other 

signals. The C-ring in Ilc is also indicated to have a twisted conformation by the octet 

C-2 pmton signal (TABLE I). On the other hond, the spectrum of Ile, in which the C-2 

acetoxyl group was chemically confirmed to have c+elotion to the C-l acetoxyl 

group, shows on octet ot T 4.94 (J=11.2,6.5, and 2.5c.p.s.)for the C-2 proton and 
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indicates that in this molecule ring C is of a slightly distorted chair. The spectra of 

hydrobromides of Ila and Ilc (IVa and IVb, respectively) in deuterium oxide solutions 

containing DSS as an internal reference show two quartets with small coupling constants 

(TABLE I) for the C-l and C-2 protons. These facts imply that the C-rings of IVa and 

IVb take slightly distorted chair conformations. This conformational change of the C- 

ring might result from conversion of free bases or lactams into quartemory salts in which 

the ring strain might be reduced. 

Finally, spin-decoupling experiments in Id (FIG. 4) provide a complete evidence for 

the trans-B/C juncture. However, we could not clearly find the C-l lb and C-l lc proton 

signals in the lower field region in ths spectrum of Ic, in which these protons can be 

much shielded by the double bond and benzene ring, as suggested by examination of 

CENCO-Petersen models. 

The CRD and CD curves of the ketone V show a conspicuous negative Cotton 

effect (a=-77, [g]~t=-6520 in methanol). *9 Applying the octant rule (9) to the formula V 

and its mirror image, we interprete this fact as an evidence that the absolute configum- 

tion should be V and not its mirror image, irrespective of the C-ring conformations. An 

additioml support fpr this evidence was obtoined from the coincidence in the GRD 

curves of the conjugated ketone Vla ([+)sg=+2330 (pod& Iglfl5770) and B-nor 

cholest-4-en-&one ([9]3+5260 (peak)(lO)). Furthermore, introduction of an ocetoxyl 

group into the C-l of Via results in a large bathochromic shift of the CD maximum 

([gJ&2070 for Vlb), which must be attributed to an ociol chomcter of the ocetoxyl 

group. This fact is in accordance with the NMR results. Therefore, these results con- 

firm the absolute conflgumtions of lycorim, dihydrolycorine, camnine, and zephymn- 

thim as expressed in formulae la, lla, lb, and Ilb, respectively. incidentally, the CD 

*3 The ORD and CD curves were recorded on an automatic recording spectropolari- 
meter GRD/UV-5 of Nihon-Bunko. 
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curve of VII shows two rmgative maxima ([8+13900 ohd [8j*-17400, in methanol). 

If the diena rule (11) is applicable for the prediction of the sign of Cotton effect of such 

a system, a positfvr Cotton effect would be expectad from the rkreochemirtty. The 

discrepancy ktwoon the predicted and observed signs can be explained by homocon- 

jugation of the diene chromophore with the nitrogen atom and the phenyl chromophore. 

Such possibility is testified by the fa@ thot the hydrochloride of VII exhibits a positive 

Cotton bffect ([ 81e27400). 

The pmmnt concluslom about the obvolute configuation and the conformation of 

ring C of IVo have further been confirmed by X-my analysis of a crystal of IVo (12). 

Acknowldgament: We are indebted to Dr. K. T&eda for valuable discussions. 
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