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THE complete structure of delphinine (XIV)l and aconitine
(I)B have been proposed with a remaining ambiguity in the
location of the ring A substituents. This ambigulty was
subsequently removed3 and the two compounds directly
eorrelatad*.

Independently, the structure, relative and absolute
configuration of desmethanol aconinone was determined by

X=ray crystallographys's.
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24 The configuration of delphinine No.15

The X-ray w»'mrks’6 gettled the configuration of all

asymmetric centres in aconitine except the configuration of
the ring A substituents. The configuration of the C,4
hydroxyl was rigorously proved by Bichi® and the configur-
ation of the Cy methoxyl suggested by the same author on
the basis of an ingenious conformational arguments. Thus,
it is possible3 to write the complete expression I for
aconitine.

We have now proved rigorously that the configuration of
the C; methoxyl in delphinine is trans to the nitrogen bridge.
Since in the correlation® of aconitine and delphinine, the
C; and Cg substituents remain undisturbed, our result
constitutes a corroboration of Bilichi's conformational
argument.,

Our starting materials were the two demethylation
products II and III'., We have proved that in II the C,
hydroxyl is cis to the nitrogen bridge and that the
demethylation of the C; methoxyl proceeds with inversion of
configuration. Compound II was hydrogenated with platinum
oxide in glacial acetic acid to the octahydroderivative IV
(m.p. 241°). Pound: C, 63,763 H, 7.62; OCHs, 0.0. Calc.
for CgnHanOyN.H20: C, 64,143 H, 7.78%. Compound IV was
gsaponified for three hours with 3% agueous ethanolic barium

hydroxide. The product was a mixture of compounds V and
VI,
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CCH3

-Obenz

- O=hexa-
hydrobenz.

(V) R=H

(VD) R = -0ZJ

(IX) R,=0CHsz, Ry=H
(X) Re=H, R,;=0CHg

(x11) (x111)



26 The configuration of delphinine No.15

Vv (m.p. 265°C) Found: C, 63.193 H, 7.75. Calc. for
C19HanOsNe %Hzo: c, 63.85; H, 7.87%. I.R.: no
formamide band.

VI (m.p. 164°) Found: C, 61.15; H, 7.51. Calc. for
CpoHznOeN.Hz0: C, 60,75; H, 7.39%, I.R. (KBr):
1645 cm™' (formamide).
The easy hydrolysis of the formamide group may be explained
by the participation of the C; hydroxyl in this process.
The oxidation of II with chromium trioxide gave the
corresponding C, ketone VII7. Treatment of this compound
with sodium borohydride resulted in the reduction of the C,
keto group and saponification of the benzoyl group. The
product VIII thus obtained (m.p. 310°, Found: C, 64.25; H,
6.79. Calc. for CgoHzs0eN: C, 63.965 H, 6.72. I.R.: 1650
en”™! (formemide)) was found to be identical with the product
of a very mild direct saponification of II. This proves
conclusively the configuration of the C; hydroxyl in II
since the formation of a equatorial C; alcohol is favoured
both by thermodynamic and by kinetic factors in the reduve-~
tion of a C; ketone.
Compound VI was methylated first with methyliodide and

7 W. A. Jacobs and S. W, Pelletier, J. Am, Chem. Soc. 78,
161 (1954).
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silver oxide in dimethyl formamide® and the amorphous

product of this reaction was methylated again with diazo-
methane-borontrifluoride in methylene chlorideg. The product
of the second methylation, after purification by chromato-
graphy on alumina, was a glass which showed in the infrared
spectrum no hydroxyl peak and a formamide peak at 1672 cm™'.
Clearly, this material had the structure IX (Rs = -Cffg).

It was reduced by lithium aluminum hydride, and the result-
ing basic product was purified by chromatography on alumina.
Benzene-ether (9:1) eluted the crystalline base IX (R =
~CHa). It melted after several crystallizations from
petroleum ether at 156° and was sublimed in high vacuo for
analysis. PFound: C, 68.81§ H, 8.943 OCHy, 29.88. Calc., for
Cp4HanO0gN: C, 68,793 H, 8.903 4-OCH3, 29.63%,

The hexahydrobenzoyl ester III was saponified to the
corresponding alcohol XI (m.p. 256°). Found: C, 63.40; H,
7.573 OCHs, 15.23. Calc. for CgaH3]°5N'%H203 C, 63.753%

H, 7.783 OCHz, 14.98%.
Compound XI was now suybjected to the same methylation

procedure which was applied previously to compound VI. The

product X (R; = -cfig) was crystalline and was recrystal-

8 J. Goerdeler and J. Galinke, Chem. Ber, 20, 203 (1957).
® E. Miller and W. Rundel, Angew. Chemie p. 105 (1958).
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lized from methanol to a melting point of 203°. Pound: c,
66.48, 66-76; ]{, 8.10’ 8.27; OCHS, 28.75. Calc. fOI‘
024H3506N: C, 66057; H’ 8.17; 4—0CH3, 28.67. IcRo (0014)3

no OH band, 1668 cm™ '

(formamide ).

The above compound was reduced by lithium aluminum
hydride to the basic compound X (Rz = -CHg). This product
crystallized after chromatography on alumina (eluent,
benzene-ether 9:1) and was recrystallized from methanol to
a melting point of 185°. Found: c, 68.53, 68,863 H, 8.62,
8.983 OCHz, 29.56, 29.95. Calc., for CgeH37OsN: C, 68,79}
H, 8.90; 4~OCHs, 29.63%.

Both compounds IX and X (Rjs

~CH;) are clearly
epimeric at C;. Since IX has been shown to have an equator-
ial ¢, methoxyl, compound X, which contains the undisturbed
original C; methoxyl of delphinine, must have this substi-
tuent in the axial configuration portrayed in the formula
X. The fact that IX and X (Rg = -CHz) differ in nothing but
the cohfiguration of one asymmetric centre is supported by
the great similarity of their infrared spectra (which,
however, clearly show nonidentity) and by the practical
identity of their N.M.R. spectra.

It has been already proposed by Bﬁchi3 that all remain-
ing substituents of delphinine have the same configuration
as the corresponding substituents of aconitine. This is, of

course, biogenetically very plausible, but it is rigorously



No.15 The configuration of delphinine 29

proved only for the C; and Cg methoxyls which remained
unaffected in the correlation4. Of the remaining substi-
tuents of delphinine, only the configuration of the C,,
methoxyl and C,¢ benzoxy group could be different in
delphinine and aconitine, There are some tentative chemical’
arguments which suggest that these substituents have, in
fact, the identical configuration in delphinine and aconi-
tine. The stability of compound II under conditions where
all methoxyls have undergone an acid catalyzed cleavage
suggests that the benzoxy group may have a configuration syn
tc the double bond. If the configuration were anti to the
double bond, one might expect a great reactivity of the
corresponding homoallylic systemlo.

If the pyro~-isopyro rearrangement (which is an extreme-
ly unusual bridgehead allylic rearrangementll) is a concerted
process which does not involve the mesomeric allylic cation
as intermediate, it would be favoured by a cis relationship
of the C;4 and Cg substituents; especially the allylic

12 on lithium aluminum

rearrangement of pyro derivatives
hydride reduction may be conveniently formulated as XII —

XIIT.
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Thus, it seems to be very probable that the formula
XIV is a correct expression for both the absolute and

relative configuration of delphinine.





