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Abstract: By re-assignment and detailed analysis of the NMR spectra of geissoschizine (1) and its 
derivatives, the hitherto accepted confonner la was revised to another possibility lc that favored the trm- 
quinolizidine form and the D-ring adopting twist boat form, in which the intramolecular hydrogen bonding 
between the enol hydroxyl and Nb function was present. 

Geissoschizine, first obtained as an acidic hydrolysis product of a dimeric indole alkaloid geissosperminel) and 

subsequently isolated from the Apocynaceae plants,z) plays an important role as a pivotal early biogenetic 

intermediates) of many skeletal type of indole alkaloids, such’ as Corynanthe-Yohimbine, Strychnos, 

Aspidosperma, Iboga, Sarpagine, and Picraline groups, etc. By the spectroscopic analysi& as well as the 

synthetic studies9 on this biogenetically important alkaloid, the structure was elucidated to be the formula 1 and 

the stereostructure has been accepted as la that possessed a cis CID ring junction (cis-quinolizidine form) and a 

boat formed D-ring. However, our recent spectroscopic reexamination of geissoschizine and its derivatives led 

to a new conclusion on the stereostructure of 1, which we would like to propose in this communication. 

In 1969 during the synthetic study on corynantheine, van Tamelen et al supposed that the D-ring of 

geissoschizine (1) existed in a boat or twist form and the presence of the hydrogen bonding or twitterionic 

species between the enol hydroxyl and tertiary amine.@ Later, Winterfeldt et al. proposed a cis-quinolizidine 

conformation lad@ on the basis of the absence of Bohlmann bands in the IR spectrum and appearance of a low 

field signal at 6 4.5 1 as assigned to be the C3-H in the tH NMR spectrum. Generally, in the cis-quinolizidine 

type indole alkaloids, C3-H, which lies on the syn position to the Nh electron pair. appears at lower than 6 4.0 

in the tH NMR spectra. Furthermore, they claimed that D-ring adopted a boat conformation which relieved the 

nonbonded interactions that would exist between the equatorial Cl5 side chain and the methyl group in the (190 

ethylidene group (an Al.3 strain) if geissoschizine existed in a D-ring chair form. The conformation la proposed 

above was supported by Zenk group by using high field (270 MHz) tH NMR analysis.4f) They explained that, 

for example, the coupling constant (J 12 Hz) between the C3-Ha and C14-HP agreed with the dihedral angle of 

these protons in the conformer la. Potier et al. independently proposed another conformation lb4d) from the 

l3C-NMR analysis. In this conformer, Cl5H approaches to the i& electron pair so that the chemical shift at 

Cl5 moves to upfield (A 8.7 ppm) compared with that of 2. Goutarel and Wenkert group explained the 13C 

NMR spectrum of 1 by using the conformer la. 4e) Thus, the chemical shift at C3 (6 53.5) reflected the cis- 

quinolizidine type, on the other hand, that of C6 (6 20.4) and C21 (6 59.1). which showed the typical values of 
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rransquinolizidine type,3 could be interpreted by the conformational change of the D-ring into the boat form la. 

The X-Ray data of a dimeric indole alkaloid geissospermine,*) which contained a geissoschizine unit in the 

molecule, was also ground for believing that 1 existed in the cis-quinolizidine form. 

On the other hand, we have isolated geissoschizine methyl ether (2) from Uncuria rhynchophyilu Miq.,g) one 

of the original plant of the important Chinese crude drug, Gou teng, and determined the structure by 

spectroscopic analysis and by chemical studies including the correlation with geissoschizine.10) The 

spectroscopic data of 2 (see Table)lt)* 4d) demonstrated that 2 took a normal rrunr-quinolizidine form as depicted 

in the figure. The wonder was that a structural minor difference in the side chain between geissoschizine (1) and 

the methyl ether derivative (2) caused a significant conformational change. Then, we made a start on the re- 

assignment of the protons and carbons in 1 by applying 2D NMR (500 MHz, CDCl3) techniques, viz, HH- 

COSY, CH-COSY, COLOC, and NOESY spectra. As a result, a signal at 8 4.51 (dd, J 11.3 and 1.5 Hz), 

which was previously assigned as C3-H, proved to be C15-H by the observation of the two or three bond 

heteronuclear connectivities between that proton and ester carbonyl, C16, C17. C20, and C21 in the COLOC 

spectrum.12) In place of that proton, a signal at S 3.85 (dd, J 11.6 and 6.2 Hz) was assigned as C3-H, whose 6 

value was reasonable for the rruns-quinolizidine type compound. The dihedral angles calculated by the observed 

coupling constants (&1_14~o 6.2 Hz, &H-~~HB 11.6 Hz, J15H_14~ 1.5 Hz, J15&14~o 11.3 Hz) as well as the 

NOES [21-Ha to 19-H (10.9%), 15H to 18H3 (11.5%). 21-Ha to 5-Ha (4.0%). 21-Ha to 3-H (5.0%). and 

14Ha to Na-H (4.2%)) implies that D ring adopts a twist boat form lc. Furthermore, the absence of Bohlmann 

band and a relatively stronger contribution from the enolate anion form in the UV spectrum (270 nm) in neutral 

solution suggest the presence of intramolecular hydrogen bonding of the acidic enol hydtoxyl’to the basic tertiary 

nitrogen as supposed by van Tamelen.6) The extraordinary low field shift of the C15-H (6 4.51) can be 

explained by not only in terms of diallylic position but also the anisotropy effect from sp2 plane of the ester 

carbonyl function. Thus, the free rotation of the C15-16 single bond is fixed by the hydrogen bonding so that 

the C15-H lies on the conjugated acrylate plane and closes to the carbonyl oxygen atom. Also by this hydrogen 

bonding the large side chain on Cl5 stands up from the D ring and the steric interaction between the p- 

hydroxyacrylate residue and the 18 methyl group might be relieved In the 13C NMR spectra (Table), the signals 

due to C3 and C21 of 1 were observed upfield 5.3 and 5.5 ppm. respectively, higher than the corresponding 

signals of 2. This phenomena can be interpreted by the elimination of the 13diaxial hydrogen alignmentIs) in 2 

owing to the conformational change in the D ring. The large upfield shift (A 8.7 ppm) at Cl5 from 2 to 1 can be 

explained by the reason as discussed above and additionally the strong y-steric interaction between C15-H and 

C18, as showing by the differential NOE data (11.5%) between C15-H and Cl8-H3. The &methyl derivative 

3t4) prepared in 81% yield by treatment of 1 with ethereal CH2N2 have the trans-quinolizidine type structure.l~ 

That was confirmed by the NOE between the P&-methyl group and ClCHP and by the comparison the chemical 

shift at Cl5 (6 33.0) and coupling patterns of the protons in 2 and 3. Since it is not possible to build up the 

intramolecular hydrogen bonding between the Nb electron pair and the enol hydroxyl in 3, its conformation 

would be resemble to that of geissoschizine methyl ether (2). 

In conclusion, geissoschizine must take a trans-quinolizidine configuration lc including the twist boat D-ring 

and the inrramolecular hydrogen bonding, that is settled to the satisfaction of all the puzzling spectroscopic data 

of geissoschizine in solution.16) 
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OH , 

1 R=H Geissoschizine 
2 R=Me 

2 X=elecmn pair, R=Me 

3 X=Me, R=elecmn pair 

Table tH (500 MHz) and I3 C (125 MHz) NMR spectral data (6) for 1 and 2 in CDCI3 

1 2 

‘H “C ‘H “C 
Btom 

(mult. JWz)) (mult, J(h)) 

6 

7 
8 
9 

10 
11 
12 
13 
14 

15 
16 
17 
18 
19 
20 
21 

ELI3 
ocH3 

7.97 (br s) 

3.85 (dd like, 11.6. 6.2) 
a: 2.72 (ddd. 11.7, 11.7. 4.1) 
B: 3.21 (dd. 11.7. 5.4) 
a: 3.07 (dddd. 15.6. 11.7. 5.4, 
f3: 2.82 (dd like, 15.6. 4.1) 

7.48 (d. 8.0) 
7.11 (td, 8.0, 1.1) 
7.16 (td. 8.0, 1.1) 
7.31 (d, 8.0) 

a: 2.65 (ddd, 13.7. 11.3, 6.2) 
B: 2.10 (ddd, 13.7. 11.6, 1.5) 

4.51 (dd. 11.3. 1.5) 

7.85 (a) 
1.82 (dd, 6.9, 1.7) 
5.41 (br q. 6.9) 

a:3.18 (d. 13.4) 
8:3.96 (dt, 13.4. 2.4) 

3.69 (s. 3H) 

132.8 
53.5 
50.5 

2.2) 20.4 

107.7 
126.5 
118.3 
119.7 
122.1 
110.9 
136.5 
33.8 

27.7 
108.2 
161.2 

13.1 
121.8 
133.2 
59.1 

170.4 
51.2 

7.79 (br s) 

3.52 (dd like, 11.3, 2.0) 
a: 2.65 (ddd, 11.1. 9.6. 4.6) 
t3: 3.07 (ddd. 11.1. 5,4. 3.2) 
a: 2.73 (br d like, 15.0) 
B: 2.98 (dddd. 15.0. 9.6, 5.4, 2.0) 

7.46 (dd. 7.8. 1.2) 
7.07 (td. 7.8. 1.2) 
7.11 (td. 7.8, 1.2) 
7.26 (dd, 7.8. 1.2) 

a: 1.89 (ddd. 12.5. 5.0. 2.0) 
p: 2.33 (ddd. 12.5. 12.5. 11.3) 

3.70 (d like. 12.5) 

7.35 (s) 
1.55 (dt. 7.2, 1.4) 
5.42 (br q. 7.2) 

a:3.16 (dd. 12.5, 1.0) 
p:3.44 (d. 12.5) 

3.72 (s. 3H) 
3.82 (s. 3H) 

134.8 
58.8 
51.6 

21.5 

108.3 
127.3 
118.1 
119.3 
121.2 
110.7 
136.0 
34.3 

36.4 
112.5 
159.6 

13.1 
120.4 
134.0 
64.6 

168.7 
51.4 
61.7 
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