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Abstract - Formation of 3-iso-19-epicathenamine (8),
which is a plausible intermediate in the biogenetic
formation of heteroyohimbine alkaloids 3-isorauniticine
(11) and 3-iso-19-epiajmalicine (12), is described.
Compound (8) was isolated as its cyano adduct, 2la-cyano-
3-isorauniticine (17). The Brown and Leonards’ 2l-cyano
adduct, isoclated after a biomimetic conversion process
of a mixture of strictosidine (18) and vincoside (19),
and for which the 2la-cyancakuammigine structure (21) was
claimed, 1is shown to be in reality identical with
compound (17).

Cathenamine (1) and 19-epicathenamine (2) are important, naturally
occurring, biogenetic intermediates for the heteroyohimbine alkaloids
tetrahydroalstonine (3), ajmalicine (4), rauniticine (5) (not detected

in cell-free systems), and 19-epiajmalicine (6).!?

CH,00C
1 H3a ,H-18p 3 H3a;H198  H-20 4 H3w;H19p ;H-20p0
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1530 HETERQCYCLES, Vol. 45, No. 8, 1997

By analogy, 3-isocathenamine (7) and 3-iso-19-epicathenamine (8), which
are not yet naturally found, can be expected to be biogenetic
intermediates for the remaining four basic heteroychimbine alkaloids
akuammigine (9), 3-iscajmalicine (10), 3-isorauniticine (11), and 3-iso-

19-epiajmalicine (12).

We have now prepared one of these two plausible biogenetic intermediates,

3-iso-19-epicathenamine (8).

Scheme 1.

RESULTS AND DISCUSSION

Our earlier described 3-epi-Z-geissoschizine (13)° was transformed by
controlled (Boc),0 <treatment to O-Boc-3-epi-Z-geissoschizine (14).
Oxidation of compound (14) with m-chloroperbenzoic acid (mCPBA) yielded
the corresponding cis-N,-oxide (15). The Polonovski-Potier reaction
(trifluocroacetic anhydride (TFAA))"? led, via compound (16}, to 3-iso-19-
epicathenamine (8),!° which was isolated as its 21-cyano adduct,!''™ (+)-

2la-cyano-3-isorauniticine (17) (Scheme 1}.
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The spectral data of compounds (14, 15, and 17) support the presented
structures. Especially, the !*C-NMR spectra (Figure 1), compared with

earlier results,!51?

are in good agreement with the proposed structures.
The coupling constant (il Hz; vide infra), found between C-20-H and C-21-
H, in the 'H-NMR spectrum of compound (17), confirms the a-stereochemistry

for the 21-cyanc group.
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Figure 1.

Brown and Leonard studied biomimetic conversion processes carried ocut on
a mixture of strictosidine (18) and vincoside (19).2%%! The 21-cyano
adduct {compound (7b) in Ref. 20], which was isolated together with 21ia-
cyanotetrahydroalstonine (20) [compound (7a) in Ref. 20; see also, Ref.

16], and for which the 2le-cyanoakuammigine structure (21) was claimed,??

[N

s in reality 2la-cyano-3-isorauniticine (17) as shown by the IH-NMR

values in Table 1.
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Table 1. Comparison of the !H-NMR data of compounds (9, 11, and 17) with

those of compound
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{= the

"2la-cyanoakuammigine®

of Brown and

Leonard?®?# {compound (7b) in Ref. 20 and compound (5b) in Ref. 21]}.

‘Looks like a td.

CONCLUSIONS

An easy method is now available for the preparation of the not yet
naturally found, relatively unstable compound (t)~3-iso-19-epicathenamine

{8), isolable as its synthetic equivalent, (*)-2la-cyano-3-iscrauniticine

(17).

Our results,

which show that the

"2lae-cyancakuammigine

of Brown and

Compd 11* Compd 17 Compd A° Compd 9*°
H-3 3.12 br 4 3.30 br d 3.30 d 3.78 br 4
H-5a 3.1 m 3.67 4dd 3.66 g 3.13 dd
H-58 2.62 td 2.61 d4dd° 2.60 td 2.94 m
-H-Ga 3.0 m 3.02 n 3.00m 3.0 m
H-68 2.73 br d 2.78 br d 2.76 d 2.66 br 4
H-l4a 1.74 td 1.75 d4daac 1.74 td 2.13 br
H-1483 3.10 br 4 3.25 ddd® 3.25 td 3.04 br t
H-15 3.06 br s 3.09 m 3.09 br s 2.74 br
H-17 7.63 d 7.60 d 7.62 s 7.55 4
H-18 1.36 4 1.35 4 1.35 d 1.36 ad
H-19 4.14 br gq 4.76 dq 4.77 q 4.46 gd
H-20 2.29 br 2.29 ddd 2.28 g 1.86 br t
H-21la 3.00 dd - - 2.98 dd
H-218 2.36 t 3.37 d 3.37 d 2.62 dd
MeO 3.75 s 3.76 s 3.73 8 3.76 s
NH 7.90 br s 7.89 br s 7.87 s 7.89 s
%alues taken from Ref. 15.
bYalues taken from Ref. 20.
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Leonard®®?! [compound (7b) in Ref. 20] in reality is (#)-2la-cyano-3-
isorauniticine (17), are important, because they demonstrate that in the
biomimetic conversion described in Ref. 20 the process partly passes
through an intermediate possessing a Z-ethylidene side chain (Cf. Scheme

1).

EXPERIMENTAL

IR spectra were recorded with a Perkin-Elmer 700 IR spectrophotometer
using CHCl,; as solvent. IR absorption bands are expressed in reciprocal
centimetres (cm!). !H- and PC-NMR spectra were measured either with a
Varian Gemini-200 spectrometer working at 199.975 MHz ('H-NMR) and 50.289
MHz ('3C-NMR) or with a Varian Unity-400 NMR spectrometer working at
399.952 MHz ('H-NMR) and 100.577 MHz (!>C~NMR). CDCl; was used as solvent.
Chemical shifts are given in ppm by reference to TMS HH—NMR; §4=0.00 ppm)
and ¢DCl; (C-NMR; §.=77.00 ppm). Signal assignments were confirmed by
APT and COSY experiments. Abbreviations s, d, t, q, m, def, and br are
used to designate singlet, doublet, triplet, quartet, multiplet,
deformed, and broad, respectively. Mass spectrometry (EIMS and HRMS) was

done on a Jeol DX 303/DA 5000 instrument.

Preparation of O-Boc=3-epi-Z-geissoschizine (14).

Reaction of compound (13)% (1158.7 mg, 3.29 mmol) with DMAP (40.2 mg, 0.10
equiv.) and (Boc),0 (752.8 mg, 3.45 mmol, 1.05 eguiv.) in CH,Cl, (70 mL)
for 2 h at rt (Ar atm) led, after purification by flash chromatography
(silica gel, CH,Cl,:CH3OH; 99.5:0.5), to compound (14).

Compound (14). Y. 1148.5 mg (77%). Amorphous. IR: 1760, 1720 (C=0). 'H-
NMR: 1.51 (9H, s, -C(CH;),1, 1.63 (3H, 4, J=7 Hz, H-18), 3.34 (1H, br d,

J=13.5 Hz, H-21), 3.55 (1H, br 4, J=13.5 Hz, H-21), 3.73 (3H, s, -COOCH,),
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4.0 (1H, br, H-3), 5.20 (1H, g, J=7 Hz, H-19), 7.05-7.17 (2H, m, H-10,
H-11), 7.29 (1H, d, J=7.5 Hz, H-9), 7.51 (1H, d, J=7.5 Hz, H-12), 7.89
(1H, br s, NH), 8.12 (1H, s, H-17). For the 'C-NMR data, see Figure 1.
MS: 452 (M*), 352, 251 (100%), 169. HRMS: Calcd for C,eH;N,0s: 452.2311.

Found: 452.2331.

Preparation of O-Bog-3-epi-Z-geissoschizine cis-N -oxide (15).

Compound (14} (100.8 mg, 0.22 mmol) and mCPBA (57.7 mg, 0.33 mmol, 1.50
egquiv.) in CH,Cl, (30 mL) were stirred for 3 h at rt (Ar atm). The crude
product was purified by column chromatography (alumina, CH,Cl,:CH,0H;
99.5:0.5) to give compound (15).

Compound (15). Y. 64.4 mg (62%). Amorphous. IR: 1760, 1710 (C=0). !H-NMR:
1.52 [9H, s, -C(CH;);), 1.67 (3H, 4, J=7 Hz, H-18), 3.66 (3H, s, —COOCH,),
5.46 (1H, q, J=7 Hz, H-19), 7.06-7.18 (2H, m, H-10, H-11), 7.28 (1H, d,
J=7 Hz, H-9), 7.44 (1H, d, J=7 Hz, H-12), 8.10 (1H, s, NH), 8.21 (1H, br
s, H-17). For the !3C-NMR data, see Figure 1. MS: 352 [Cy1HpN,0, = CyH4N,0,

- (CHy0, + O thermolabile compound},
5Hg0, } P

Preparation of (t)-2la-cyano-3-isorauniticine (17) from O-Boc=3-epi-Z-
geissoschizine cis-Ny-oxide (15).

TFAR (90 pL, 0.64 mmol, 1.87 equiv.) was added with a syringe during 10
min to a solution of compound (15) (159.2 mg, 0.34 mmol) and CH,C1l, (5
mL) . The solution was stirred for 2 h at rt (Ar atm). KCN (66.5 mg, 1.02
mmol, 3.00 equiv.) in H,0 (3 mL) was added, pH was adjusted to 4-5 with
NaOAc and the solution was stirred at rt for 30 min, after which it was
basified with saturated NaHCO; solution, extrécted with CH,Cl, and dried
with Na,S0,. The crude product was purified several times by TLC (silica
gel, CH,Cl,:MeOH; 99:1} to give compound (17).

Compound (17). Y. 26.0 mg (20%). Amorphous. IR: 2250 (CN), 1700 (C=0).
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'H-NMR: 1.35 (3H, d, J43,0=6.5 Hz, H-18), 1.75 (1H, ddd, J;,,,~12 Hz,
T14e14g=13+5 Hz, T4y 5=4.5 Hz, H-14a), 2.29 (1H, ddd, J;5=5.5 Hz, Jjg30=1.5
Hz, Jy95~11 Hz, H-20), 2.61 (1H, ddd, Js,s5~11.5 H2z, Js56,=11.5 Hz, Js,45~4
Hz, H-5a), 2.78 (1H, br d, Jg,¢=15.5 Hz, H-68), 3.02 (1H, m, H-6a), 3.09
(1H, m, H-15), 3.25 (1H, ddd, J4,,4=2.5 HZ, Jy4,146=13.5 Hz, Jy45,5=2.5 Hz,
H~148), 3.30 (1H, br d, J;,,=11 Hz, H-3), 3.37 (1H, d, Jyqs=11 Hz, H-
218), 3.67 (1H, ddAd, Js,s5=11 Hz, Jsge,=1 Hz, Jsgep=5 Hz, H-58), 3.76 (3H,
s, ~COOCH;), 4.76 (1H, dq, J510=6.5 Hz, Jj95=1.5 Hz, H-19), 7.09 (1H, ad,
Jg10=7-5 Hz, Ji013=7.5 Hz, H-10), 7.15 (1H, dd, Jy5,=7.5 Hz, Jy;,=7.5 Hz,
H-11), 7.31 (1H, d, Jy1,,=7.5 Hz, H-12}, 7.47 (1H, d, Jo4=7.5 Hz, H-9),
7.60 (1H, d, J,5,7=2 Hz, H-17), 7.89 (1H, br s, NH). For the ’C-NMR data,
see Figure 1. MS: 377 (M*, 100%), 362, 350, 335, 323, 249, 224, 209, 184,
170, 169, 156. HRMS: Calcd for C,HyN;0i: 377.1739. Found: 377.1733. Anal.
Calcd for CyHyp3N;30,: €, 70.01; H, 6.14; N, 11.13. Found: C, 69.84; H,

6.22; N, 10.92.

REFERENCES AND NOTES

1. H.~P. Husson, C. Kan-Fan, T. Sévenet, and J.-P. Vidal, Tetrahedron
Lett., 1977, 1889. See also, C. Kan-Fan and H.-P. Husson, J. Chem.
Soc., Chem. Commun., 1979, 1015.

2. J. stoéckigt, H.-P. Husson, C. Kan-Fan, and M. H. Zenk, J. Chem.
Soc., Chem. Commun., 1977, 164. See also, M. H. Zenk, J. Nat. Prod.,
1980, 43, 438, and J. Stéckigt, J. Treimer, and M. H. Zenk, FEBS
Lett., 1976, 70, 267.

3. R. T. Brown, J. Lecnard, and 8. K. Sleigh, J. cChem. Soc., Chem.
Commun., 1977, 636. See also, R. T. Brown and J. Leonard, J. Chem.
Soc., Chem. Commun., 1979, 877.

4, C. Kan, S.-K. Kan, M., Lounasmaa, and H.-P. Husson, Acta Chemn.
Scand., 1981, B35, 269. See also, C. Kan-Fan and H.-P. Husson,
Tetrahedron Lett., 1980, 21, 1463.

5. J. Stockigt, in "Indole and Biogenetically Related Alkaloids" (ed.
by J. D. Phillipson and M. H. Zenk), Academic Press, London, 1980,



1536

7.
8.

10.

11.

12.

13,

14.

15.

18,

17.

18.

159.

20,

21.

22.

HETERQCYCLES, Vol. 45, No. 8, 1997

pp. 113-141. See also, S. Sakai and N. Shinma, Chem. Pharm. Bull.,
1978, 26, 2596, and J. Stockigt, G. H&fle, and A. Pfitzner,
Tetrahedron Lett. 1980, 21, 1925.

B. Tirkkonen, J. Miettinen, J. Sale, R. Jokela, and M. Lounasmaa,
Tetrahedron, 1994, 50, 3537. See also, M. Lounasmaa, R. Jokela, U.
Anttila, P. Hanhinen, and ¢. Laine, Tetrahedron, 1996, 52, 6803
(Note 11).

P. Potier, Rev. Latincamer. Quim., 1978, 9, 47.

M. Lounasmaa and A. Koskinen, Heterocycles, 1984, 22, 1591.

D. Grierson, Org. React., 1990, 39, 85.

Michael addition can take place only from the 8-face, leading in the
case of Z-ethylidene side chain to H-19a stereochemistry.

E. M. Fry, J. Org. Chem., 1964, 29, 1647.

D. 8. Grierson, M. Harris, and H.-P. Husson, J. Am. Chem. Soc.,
1980, 102, 1064. See also, H.-P. Husson, Bull. Soc. Chim. Belg.,
1982, 91, 985. ‘

A. Koskinen and M. Lounasmaa, Tetrahedron, 1983, 39, 1627. See also,
M. Lounasmaa and A. Koskinen, Tetrahedron Lett., 1982, 23, 349.

M. Rubiralta, E. Giralt, and A. Diez, Piperidine. Structure,
Preparation, Reactivity, and Synthetic Applications of Piperidine
and its Derivatives. Elsevier, Amsterdam, 1991.

M. Lounasmaa and S.-K. Kan, Tetrahedron, 1980, 36, 1607.

M. Lounasmaa, R. Jokela, P. Hanhinen, and U. Anttila, Heterocycles,
1997, 45, 779.

E. Wenkert, C.-J. Chang, H. P. S. Chawla, D. W. Cochran, E.-W.
Hagaman, J. C. King, and K. Orite, J. Am. Chem. Soc., 1976, 98,
3645.

J. Melchio, A. Bouguet, M. Pals, and R. Goutarel, Tetrahedron Lett.
1977, 315. :

R. Uusvuori and M. Lounasmaa, Planta Med., 1981, 41, 406.

R. T. Brown and J. Leonard, Tetrahedron Lett., 1977, 4251.

R. T. Brown, J. Leonard, and S. K. 8leigh, Phytochemistry, 1978, 17,
899,

The undefined stereochemistry of the 21-cyano group in the "21-
cyanoakuammigine" of Brown and Leonard?® [compound (7b) in Ref. 20]

was later defined by the authors®! as 21a [compound (5b) in Ref. 21].

Received, 22nd April, 1997




