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The investigations reported do not permit the derivation of a ring structure for delphinine and aconitine. Renewed studies
on the exhaustive methylation of delphonine confirm our previous findings. This could not be brought beyond the stage of
the first methine base. The formation of the latter with the nitrogen attached to a diterpenoid geminal methyl would require
rearrangement of the other methoxyl-bearing geminal group. The oxidation of oxodelphonine, dihydropyrooxodelphonine,
and dihydroisopyrooxodelphonine has in each case been intercepted at the stage of a cyclopentanone (infrared data) which
can be oxidized further to a keto acid in which the new keto group is in a six-membered or larger ring. The cyclopentanones,
in contrast to the original hydroxy compounds, are all readily isomerized to strongly levorotatory stereoisomers. This is
apparently due to enolization. On vacuum sublimation the keto acid from dihydroisopyrooxodelphonine readily cyclizes to
vield the previously described neutral diketone in contrast to the acids from a-oxodelphonine and dihydropyrooxodelphonine
which distil unchanged. A number of these derivatives have been crystallized. Attempts to reconcile all of our data with
a lycoctonine or napelline structure have not been successful and our previous proposal for delphinine has been withdrawn,

The aconite alkaloids which have been grouped
provisionally into the very poisonous highly oxy-
genated aconitine type of ester bases and the less
toxic atisine type! have been long suspected to be
chemically related, and recent work has given data
from a number of them which strengthen this sus-
picion. The first clue to the relationship of these
substances to the diterpenes was found in the de-
hydrogenation studies of this laboratory.? More re-
cent work has led to the practically complete struc-
tural elucidation of veatchine,* atisine,*® and gar-
ryfoline and cuauchichicine.’ The dehydrogenation
procedure unfortunately proved much less satis-
factory with the aconitine type of base but the accu-
mulated data made quite certain that a saturated
hexacyelic structure is involved in the case of aconi-
tine and delphinine in which a ring nitrogen carries
an ethyl or a methyl group. Extensive studies have
shown the nature and probable interrelationships of
the substituting groups of delphinine.®! The first
derivation of the actual skeletal structure of a hexa-

* This paper is a contribution in honor of Lyndon F.
Small, former Editor of the Journal.

(1) E. 8. Stern, “The Aconitum and Delphinium Alka-
loids in The Alkaloids, Chemistry and Physiology, Vol. IV,
edited by R. H. F. Manske and H. L. Holmes, Academic
Press, Inc., New York, N. Y., 1954, pp. 275-333.

(2) L. C. Craig and W. A. Jacobs, J. Biol. Chem., 152,
645 (1944).

(3) K. Wiesner ¢t al., J. Am. Chem. Soc., 76, 6068 (1954).

(4) K. Wiesner and J. A. Edwards, Ezperientia, 11, 255
(1955).

(5) K. Wiesner et al., Chemistry and Industry, 132 (1954).

(6) S. W. Pelletier and W. A. Jacobs, J. Am. Chem. Soc.,
76,4496 (1954).

(7) S. W. Pelletier and W. A. Jacobs, Chemisiry and
Industry, 1385 (1955).

(8) S. W. Pelletier and W. A. Jacobs, J. Am. Chem. Soc.,
78,4139, 4144 (1956).

(9) C. Djerassi, C. R. Smith, A, E. Lippman, 8. K. Figdor,
and J. Herran, J. Am. Chem. Soc., 77, 4801, 6633 (1955).

(10) W. A. Jacobs and S. W. Pelletier, J. Am. Chem. Soc.,
76,161 (1954).

(11) W. A. Jacobs and S. W. Pelletier, Chemistry and In-
dustry, 948 (1955).

eyclic aconitine base, however, was shown by the
outstanding x-ray studies of a lycoctonine deriva~
tive by Przybylska and Marion.2 This was shown
to be related in part to a phyllocladene structure in
which ring B has been enlarged to a cycloheptane at
the expense of ring C, and the latter reduced to a
cyclopentane with other changes. Such a ring
structure has been satisfactorily adopted by Cook-
son and Trevett!® for their experimental data with
delpheline and by Anet, Clayton and Marion for
delcosine.’* Very recently Wiesner ef al. have
adopted a more normal diterpenoid core to explain
their data with napelline and napellonine.®

In this laboratory the attempt was once made to
correlate the data accumulated for delphinine with
the lycoctonine structure, but a number of facts
persist which appear inconsistent with this inter-
pretation unless unusual rearrangements are as-
sumed to occur. There is the authors’ early and now
recently repeated experience in an attempted ex-
haustive methylation of delphonine.®¥ At the
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terial which was then oxidized to an acid CgoHz24Oe, the au-
thors have repeated this study. After the first step, at-
tempted methylation of the methine base with subsequent
distillation of the “ammonium base’’ always gave negli-
gible amounts of nitrogen-free material. The recovered base
gave N-methyl analyses incompatible with further methyl-
ation. By following the experimental conditions reported
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first stage the methyl ammonium base yields with-
out difficulty what appears to be an N-dimethyl
methine base. Barring rearrangement perhaps in-
volving the methoxyl bearing geminal methyl group
such a product would not be expected to arise from
a lycoctonine type of skeleton. A second point is the
formation from dihydroisopyrooxodelphonine!® of
a keto acid, CuHyiINOs!® which readily cyclizes on
vacuum sublimation to give the diketone, CoHs;-
NO;. This was shown more recently to contain both
a cyclohexanone and a cyclopentanone ring. An
attempt was made in the authors’ last communica-
tion® to reconcile the data at hand with a new
structural proposal for delphinine.?! However, more
recent work has now shown such a structure to be
untenable, and inconsistencies also persist with a
lycotonine or napelline type of skeleton for it.

Unless no change in ring structure can be shown
t0 oceur in the steps leading to the formation of iso-
pyrooxodelphonine, the data obtained with the
latter could give rise to false conclusions. The au-
thors have therefore studied other delphinine deriv-
atives beginning with delphonine. In a recent study
of the latter it has been found that when allowed to
stand exposed it gradually becomes contaminated,
probably by oxidation, and shows infrared peaks of
varying intensity at 1710 and 1653 cm. %, However,
when chromatographed through alumina, such con-
taminating material can be readily removed and the
purified delphonine shows no significant band in
this region. Schneider?? has attributed the absorp-
tion of erude delphonine at 5.87 u to an -NCHOH-
group which opens to give an amino aldehyde. The
authors’ experience does not substantiate this con-
clusion,

On turning to a-oxodelphonine it was recently
obtained crystalline for the first time, separating
from methanol with one mole of solvent. On oxida-
tion with chromic oxide it passes through the stage
of a beautifully crystalline a-oxodelphonone, Cy-
H3sNOs, which shows the absorption of a cyclopent-

by Schneider similar results were obtained. In the available
communications of the author, no nitrogen analysis on the
‘“‘nitrogen-free’’ material is reported. His statement that the
product gave a negative Lassaigne nitrogen test is hardly
convincing,

It can be reported in this connection that reaction of the
methine base with methyliodide has given in small yield a
beautifully crystalline iodide of lower methoxyl content and
of no greater N-methyl content. This suggests possible loss
of the methoxyl-bearing geminal methyl group. This is being
studied further.
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anone (1751 cm.™! in Nujol). On further oxidation
the amorphous keto acid was obtained showing a
band at 1736 em.~! (Nujol) 1728 (chf.). The posi-
tion of this absorption does not permit a decision
between a cyclopentanone and a larger ring ketone.
Because of the infrared data found with the amor-
phous methyl ester (1706 cm.™!, cyclohexanone;
1730 ecm.~!, methyl ester) it is probable that the
keto acid contains a cyclohexanone or larger ring.

A return was then made to the study of the pyro
series. Dihydropyro-e-oxodelphonine!® has re-
cently been obtained crystalline from methanol.
On oxidation with chromic acid it yields the pre-
viously reported keto acid, CoyHgNOs!®. The latter
has been found to crystallize also from methanol
but in a solvated form (m.p. 183-190°) different
from that previously described. The infrared
absorption (1724 cm.™?) in Nujol of the latter in-
dicates a cyclohexanone or larger ring. After
sublimation this remained the same.

The formation of the ketoacid was intercepted
at the stage of the neutral intermediate crystalline
ketone, dihydropyro-e-oxodelphonone, [a]p+9.4°
The infrared absorption (1749 cm.—! in Nujol;
1766 in CCly) of the latter again indicates a cy-
clopentanone, This on further oxidation gave the
keto acid. The keto acid yields a crystalline methyl
ester with absorption indicating a cyclohexanone
(or higher) acid. (1706, 1734 cm.”! in CCl;
1711, 1727 in CHCL). Contrary to the experience
with the keto acid from dihydroisopyro-a~oxodel-
phonine which forms a neutral diketone on subli-
mation, this keto acid is distilled as such in mercury
pump vacuum without loss of water; infrared
absorption (1724 cm. ! in Nujol). The fact that the
keto acid from dihydropyrooxodelphonine can be
distilled unchanged in contrast to the previously
recorded behavior of the keto acid from dihydroi-
sopyrooxodelphonine, which yielded a neutral
diketone containing a new cyclopentanone ring,
suggested the possibility of a change in ring size
during the isomerization of pyrooxodelphonine to
the isoderivative.?® To check such a possibility the
oxidation of dihydropyroisooxodelphonine was
again studied. Under conditions analogous to those
used with its isomer, chromic oxide was found to
oxidize it through an intermediate neutral ketone
to the previously recorded keto acid.'® Unfor-
tunately, this neutral ketone was not obtained in
pure crystalline form. It was found to separate as
mixed crystals with its precursor. From the rotation
of this mixture, [a]p —25°, the ketone must be less
levorotatory, if not actually dextrorotatory, than
its precursor of [a]p —36°. Preliminary infrared
study of such mixtures showed a small fractional
peak at 1754 cm. —! (CHCL;) as required by a cyclo-
pentanone and resembling the data from the

(23) Such a proposal, but without any experimental data,
was also made by K. Wiesner in a personal communication
tous.
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isomeric dihydropyrooxodelphonone. The attempt
to separate this mixture through acid-washed
alumina (pH 4.5) led to a most unusual result.
More than a third of the material was eluted as a
ketone before the appearance of the original un-
oxidized dihydroisopyrooxodelphonine. But the
ketonic material was now strongly levorotating,
[a]o —127°. Itsinfrared absorption showed a strong
cyclopentanone peak at 1747 ¢m.—! (CCly) which
approximated that of the original mixture. Its
analysis confirmed it to be an isomer of the inter-
mediate neutral ketone, CuHyuNO. On further
oxidation with chromic acid it yielded an amorphous
keto acid, CoHyiNOs, [a]p —3°, isomeric with the
crystalline oxidation product from dihydroisopyro-
oxodelphonine.

Dihydropyrooxodelphonone was also found to
isomerize when passed through acid-washed alu-
mina to yield an amorphous strongly levo rotating
isomer, [a]p—107°.2¢ This isomerization was shown
to be rather general, since a-oxodelphonone was
similarly isomerized by alumina to a strongly
levorotating  amorphous  iso-a-oxodelphonone,
[a]o —80°. Since the preparation of these inter-
mediate ketones was carried out under acid condi-
tions it appeared probable that such alumina-
induced {ca. pH 4 to 5) isomerizations were not due
to acid. This was substantiated in the case of
a-oxodelphonone by its rapid change with sodium
hydroxide t0 the same substance obtained with
alumina. It was not affected in a similar way by
acid and was in part recovered unchanged. Since
the precursors of the intermediate ketones are ob-
tained by alkali saponification, the isomerizations
must involve the carbonyl group of the ketones,
and are presumably effected by enolization with a
vicinal hydrogen-bearing carbon atom, with change
of configuration and formation of the epimeric
ketone.

Since attempts to accommodate our data to a
specific ring system have not been satisfying as yet,
the authors shall not attempt, at the present time,
to propose a structure for delphinine or its deriva-
tives. This\\will be left to a later opportunity when
work which is still in progress has been completed.
But it can be concluded that the data here reported
are inconsistent with the previously proposed
structure for delphinine.®* There are only two posi-
tions in ring C in such a structure available for a
benzoylated secondary hydroxyl group which after
saponification followed by oxidation would yield
an intermediate cyclopentanone. Although the
latter, on further oxidative ring cleavage could
give a ketoacid containing a cyclohexanone or
larger ring ketone, in neither case, barring unusual
rearrangements, would eyclization oceur to give a
new cyeclopentanone ring such as is present in the

(24) Unfortunately infrared data for all of these isomer-
ized substances were not available at the time of the writing
of this paper.
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neutral diketone obtained from dihydroisopyro-
a-oxodelphonine.

EXPERIMENTAL

Delphonine. A solution of 20 g. of delphinine in a mixture
of 200 ml. of ethanol and 200 ml. of 10% sodium hydroxide
was heated under reflux for 2 hr. After removal of most of
the aleohol ¢n vacuo the delphonine was extracted with ether.
The extract was dried over potassium carbonate. After re-
moval of solvent 15 g, of resin remained. A solution of 11.5
g. of this material in 100 ml. of benzene was chromatographed
through 550 g. of Merck alumina and first eluted with
benzene (1 1.) then with 0.59, methanol in benzene (1 1.)
without result. On changing to 19, methanol no solid
emerged until 1800 ml. was used and then elution began in
very small fractions of about 30 mg. /25 ml. which gradually
rose to about 90 mg. After 80 such fractions, the eluted ma-
terial had diminished to about 60 mg. in 25 ml., and a change
to 2% methanol was made. Since this did not quickly affect
the result after another 600 ml. was used, a change to 3%
methanol was made. The eluted material gradually reached
a peak of 0.2 g. per 25 ml. After about 900 ml. was used this
quickly diminished to very small amounts of solid. How-
ever, only in this final material which totaled only about
0.48 g. was a large peak shown in the infrared at 16562 em.—*
The fractions from the beginning of elution through the
greatest part which totaled about 9.2 g. showed no appre-
ciable infrared absorption in the 6-u region. [«]% +36° (¢,
0.6in CHCL).

Anal. Caled. for CpH3eNOy: C, 63.55; H, 8.67. Found: C,
63.52; H, 8.64.

a-Ozodelphonine. A suspension of 10 g. of a-oxodelphinine
in 250 ml. of 959 alcohol was brought to a boil and after
addition of 50 ml. of 4% aqueous sodium hydroxide was re-
fluxed for 7 min. during which solution rapidly occurred.
Sufficient 509, acetic acid was added to acidify the mixture
which was then concentrated in vacuo to remove the alcohol.
The residue was dissolved in water and treated with sodium
bicarbonate solution and the solution was extracted 10
times with chloroform. The cleared extract yielded 8.55 g.
of resin, Contrary to earlier experience this was finally crys-
tallized from methanol forming four-sided, pointed plate-
lets which contained 1 mole of solvent and melted at 118~
120°; [a]%® —7.5° (¢, 0.80 in chloroform). It is readily soluble
in acetone.

Anal. Caled. for CouHuNOpCHOH: CH,0H, 6.22.
Found: 6.28.

For analysis it was dried at 100° at 0.2 mm.

Anal, Caled. for CyuHy»NOs: C, 61.65; H, 7.98. Found:
C, 61.38; H,7.99.

a-Ozodelphonone and the keto acid CosHasNOs. A solution of
3 g. of a-oxodelphonine in 75 ml. of redistilled acetic acid®
was stirred at room temperature and treated during 10 min,
with 5.6 ml. (4.3 ml. represents about one equivalent of
oxygen) of a fresh 109, aqueous chromium trioxide solution.
After an hour the mixture was diluted with 100 ml. of water
and extracted 10 times with chloroform. At this point and
at the following steps of the procedure, the addition of small
amounts of NaCl solution to the aqueous phases aided an
otherwise somewhat slow phase separation. The extract was
washed four times with 20-ml. portions of water and then
with water containing sufficient sodium carbonate to remain
alkaline to phenolphthalein. This was followed by repeated
washings with small portions of water until the washings
were no longer alkaline. The chloroform layer, after clearing
with sodium sulfate, concentrating in vacuo to dryness, and
flashing off with benzene yielded 2.28 g. of resin. When
dissolved in a small volume of acetone a-oxodelphonone scon
crystallized as well-formed hexagonal or rhombic platelets

(25) The acetic acid used in all of the oxidations reported
was twice distilled over CrO;.
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of varying width and length. Because of persistent con-
tamination with starting material it was necessary to recrys-
tallize it repeatedly; m.p. 198-208°; [«]F +33° (¢, 0.52
in chloroform) »Nuiel 1751 em—1Tt contained solvent and for
analysis was dried at 110° and 0.2 mm. It also crystallized
readily from methanol.

Anal. Caled. for CoHisNOs: C, 61.92; H, 7.58. Found: C,
61.90; H, 7.51.

As described later, this substance is changed on standing
with alkali or on attempted chromatographing through
alumina.

Following the separation of additional less pure fractions
from the acetone mother liquors, a resinous solid remained
which crystallized readily from methanol on seeding and
proved to be starting material.

The sodium carbonate extract with subsequent aqueous
washings was repeatedly extracted with chloroform to re-
move retained dissolved neutral material, then acidified with
sulfuric acid and repeatedly extracted with chloroform. The
latter on concentration yielded 277 mg. of the keto acid,
CyH3:NOyp. All attempts to crystallize this acid were un-
successful and it was therefore analyzed directly after drying
at 110° and 0.2 mm. [«]% +9.6° (¢, 0.52 in chloroform).
yNujol 1736, CHCh 1728 ¢m.—?

Anal. Caled. for CoHysNOy: C, 59.86; H, 7.33. Found: C,
C, 59.91; H, 7.20.

The same keto acid was obtained by similar oxidation of
the previous intermediate ketone. 0.1 g. of the latter gave
47 mg. of the keto acid; [«]} +10° (¢, 0.50 in chloroform).
yNuiol 1736 em, !

Anal. Found: C, 59.97; H, 7.21.

The methyl ester which was obtained with diazomethane
could not be crystallized. [a]} —24.5° (¢, 0.49 in CHC)
»Nujol 1706, 1730 cm. ! For analysis it was dried at 100° and
0.2 mm,

Anal, Caled. for CysHyNOs: C, 60.59; H, 7.53. Found: C,
60.13; C, 7.48.

Dihydropyro-a-oxodelphonine. Two grams of octahydro-
pyro-a-oxodelphinine in 25 ml, of methanol was treated with
25 ml. of 10% sodium hydroxide and allowed to stand at
room temperature for 1 hr. The solution was diluted with
20 ml. of saturated sodium chloride solution to aid sepa-
ration and extracted ten times with chloroform. The latter
was washed with sodium chloride solution and the solvent
was removed in vacuo followed by flashing with benzene.
‘The resin crystallized from methanol as nearly rectangular
platelets, When recrystallized from methanol, it contained
one mole of solvent and melted at 103-104°, [a] —24°.
{¢, 0.50 in chloroform).

Anal, Caled. for C,HyunNO;.CH,OH: CH,0H, 6.65.
Found: CH;0H, 6.40. For analysis it was dried at 0.2 mm,
and 100°.

Anal. Caled. for CouHymNO;: C, 63.81; H, 8.26, Found: C,
63.74; H, 8.13.

Ozidation of dihydropyro-a-ozodelphonine. Different condi-
tions than previously reported were used in this oxidation.
A stirred solution of 1.49 g. of solvent-free dihydropyro-a-
oxodelphonine in 50 ml. of acetic acid was carefully treated
during 10 min. with 7.0 ml. of a fresh 10%, aqueous chro-
mium trioxide solution which was approximately 509 in
excess of the amount required for conversion to the keto
acid. However, even after an additional 5 min., when the
reaction was interrupted, oxidation was found to be incom-
plete as shown by the isolation of some of the intermediate
ketone in the neutral fraction. The diluted solution, after
addition of sodium chloride to aid separation, was thor-
oughly extracted with a good volume of chloroform. The
dried extract was concentrated in vacuo, finally flashing off
the residue with benzene to remove acetice acid. The residue
was dissolved in acetone, filtered from a small amount of
inorganic material, and concentrated to a small volume. On
careful addition of water and seeding, the acid gradually
separated as micro leaflets and was collected with 259,
acetone. It possessed the properties previously reported and
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contained water of crystallization; m.p. 132~136° after pre-
liminary sintering. Additional succeeding fractions were
gradually obtained by concentration and seeding of the
filtrates. The yield of crude keto acid was about 0.64 g.
These fractions were found to be contaminated increasingly
with neutral material and were therefore purified by ex-
traction of their chloroform solution with dilute sodium
carbonate solution followed by washing with water. It was
found necessary to rextract these combined aqueous phases
repeatedly with chloroform before acidification to remove
some neutral material which was carried into the aqueous
phase. The reacidified carbonate solution was then further
extracted with chloroform to obtain the keto acid. This has
been found to crystallize from methanol as well-formed four-
sided plates or prisms which contained solvent and gradu-
ally melted at 183-190°; [a]3} —5.7° (¢, 0.47 in CHCl);
yNujol 1724 em.~! The analysis of this material was found
difficult since even when dried at 130° and 0.2 mm. it retained
solvent and gave low carbon figures.

Anal. Caled. for CyHysNO,: C, 61.92; H, 7.58. Found: C,
61.35; H, 7.80.

When such material was dissolved in acetone and the
solvent was flashed off in vacuo it gave correct figures when
dried at 110°,

Anal.Found: C, 61.82; H, 7.68,

Contrary to the isomeric keto acid from dihydroiso-pyro-
a-oxodelphonine this keto acid sublimed largely unchanged.
It (0.2 g.) was introduced into the sublimation apparatus
with acetone and after removal of solvent it was gradually
heated in an oil bath under a mercury pump vacuum of
0.01 to 0.001 mm. Condensation occurred especially from
170-190°. After reaching 220° practically all had sublimed
during a total of 33 minutes’ heating. The condensate was
dissolved in chloroform and extracted with dilute sodium
carbonate solution, The latter with the washings, after
reacidification, was reextracted with chloroform. It yielded
0.15 g. of unchanged keto acid, yNuiol 1724 ¢cm,~?

Anal. Caled. for CoHauNO,: C, 61.92; H, 7.58. Found:
C, 61.85; H, 7.38. It recrystallized readily from methanol;
m.p. 183-190°; {a]hy —4° (¢, 0.56 in CHCL).

Dihydropyro-a-ozedelphonone, The filtrate from the keto
acid in the previous oxidation was dissolved in chloroform
and extracted with sodium carbonate solution followed by
several washings with water. The chloroform containing the
neutral fraction, after drying and concentration in vacuo,
vielded 0.43 g. In a small volume of methanol the ketone
crystallized gradually as microneedles or four-sided and six-
sided, long platelets which contained 1 mole of solvent;
m.p. 169-177°; [a]%? +9.4° (¢, 0.48 in CHCly), »Nuiol 1749
em.~1; pCCk1766 cm. 1

Anal. Caled, for CyHsNO,CH;OH: CH,0H, 6.65.
Found: CH;OH, 6.80. For analysis it was dried at 0.2 mm,
and 125-130°,

Anal, Caled. for CoHysNOy: C, 64.12; H, 7.85. Found: C,
64.08, H, 8.02,

The solvent-free ketone (36 mg.) was further oxidized in
acetic acid with excess chromium trioxide. After dilution
and exhaustive extraction with chloroform, the keto acid
was extracted with dilute sodium carbonate and aqueous
washings. After reacidification and reextraction 22 mg. of
the above keto acid was obtained which crystallized readily
from methanol on seeding; m.p. 180-185°. [a]Y —13.5°
(¢, 0.52 in CHCL;). The somewhat different rotation obtained
with the material isolated above in the direct oxidation will
require further study. The substance as obtained from
methanol again showed the difficulty in removing solvent
for analysis.

Anal. Found: C, 61.16; H, 7.64.

The methyl ester. The keto acid (45 mg.) in acetone readily
yielded the ester with diazomethane. It crystallized without
solvent from methanol mostly as four-sided prisms or from
methanol-ether as needles; m.p. 177-180°; [a]%® —25°
(¢, 0.48 in CHCly). »CHCl 1725, 1712 em.-!; »CCh 1733,
1706 cm, *
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Anal. Caled. for Co;:Hy»;NOs: C, 62.61; H, 7.78. Found: C,
62.71; H, 7.65.

The ozidation of dihydroisopyroozodelphonine. A solution
of 0.4 g. of dihydroisopyrooxodelphonine [[a]?y —36° (c,
0.5 in CHCl)] in 13.6 ml. of acetic acid was gradually
treated with stirring with 1.2 ml. of fresh 5%, aqueous
chromium trioxide solution (1 mole). The reagent was used
up quite rapidly and after 35 min. the solution was diluted,
treated with 1 ml. of saturated sodium chloride solution
to aid separation, and extracted 13 times with chloroform,
The extract was washed once with 5 ml. of water, cleared
with sodium sulfate, and concentrated 7n vacuo to dryness
with final flashing off with benzene to remove acetic acid.
The solution in chloroform was extracted with a solution of
0.15 g. of sodium carbonate dissolved in 2 ml. of water,
followed by three 1-ml. washings with water. After standing
about an hour the combined sodium carbonate and water
washings were extracted 7 times with chloroform. The latter
yielded only 8 mg. of neutral material. The acidified aqueous
phase after extraction with chloroform gave 0.112 g. of the
previously described keto acid!® which crystallized readily
from acetone-ether as needles, m.p. 169-173°. The melting
point varies considerably with the conditions of crystalli-
zation but this and the rotation of [«]y —13.5° (¢, 0.52
in CHCI;) are somewhat different from the values obtained
with the keto acid previously described.’® The rotation of
the latter has now been found to be [«]}¥ —3.6° (¢, 0.56
in CHCL). This suggests isomerization at some stage which
will require further study.

Anal. Caled. for CoHysNOs: C, 61.92; H, 7.58. Found: C,
61.66; H, 7.61.

The chloroform solution containing the main neutral
fraction yielded 0.295 g. of residue after flashing off with ace-
tone. When dissolved in a small volume of acetone crys-
tallization started, especially after addition of ether and
partial concentration; after several hours a first fraction of
0.15 g. was collected, [a]y —25°. (¢, 0.48 in CHCl;); m.p.
166-175°.

The mother liquor when similarly manipulated gave a
second crystalline fraction of 55 mg; after sintering at 154°
it gradually melted at 162 to 182°; [«]% —28° (¢, 0.54 in
CHC];). Preliminary attempts to resolve this material into
its components were not promising although from certain
observations which will be left to a later communication it
is probable that this can be done by the proper use of sol-
vents. The attempt was made to do this with alumina washed
to a pH of 4.5.

A solution of 0.21 g. of this mixture was chromatographed
in benzene through 8.5 g. of alumina. Following preliminary
unsuceessful elution with 100 ml. of benzene, 0.5% methanol
in benzene was used. After 50 ml. it gradually yielded con-
tinuously very small fractions the nature-of which was
followed by rotations. The rotation of the initial fraction
[@]3® —127° (¢, 0.7 in CHCl) and succeeding fractions gave
about the same value until elution had become very small.
After the use of about 600 cc. solvent about 65 mg. were
eluted, yCCl 1747 em. !

Anal. Caled. for CuHsNO;: C, 64.12; H, 7.85. Found:
C, 64.38; H, 7.87.

The later elution with 1% methanol in benzene gradually

JACOBS AND PELLETIER

VOL. 22

yielded a total of 0.124 g. of unoxidized dihydroisopyrooxo-
delphonine which showed no ketonic band in the infrared.

A solution of 49 mg. of the ketone in 1.7 ml. of acetic acid
was treated with 0.3 ml. of 5% chromium trioxide. Reaction
quickly occurred. After 40 min. the mixture was diluted
and extracted with chloroform. After removal of solvent and
acetic acid the chloroform solution was extracted with so-
dium carbonate solution. The latter, after acidification and
reextraction, yielded 35 mg. of amorphous keto acid which
could not be crystallized. [«]3 —3° (¢, 0.34 in CHCL).

Anal. Caled. for CoHyNOs: C, 61.92; H, 7.58, Found: C,
62.12; H, 7.34.

Dihydropyro-a-ozodelphonone and alumina. Dibydropyro-
a-oxodelphonone (66 mg.) was chromatographed through
3.5 g. of acid-washed alumina as described in the case of its
isomer. The material which was eluted with 0.5 methanol
in benzene showed [«]%f —107° (¢, 0.67 in CHCL). It
formed a low-melting resin which could not be crystallized.

Anal. Caled. for CyHy;:NO7: C, 64.12; H, 7.85. Found: C,
64.20; H, 8.06.

Treatment of a-oxodelphonone with alumina. A solution of

-0.24 g. of the ketone was chromatographed through 10 g.

of acid-washed alumina. After benzene, 1% methanol in
benzene was finally required for elution. Material appeared
in successive fractions. The material could not be crystallized
and showed a rotation of [«]% —80°. (¢, 0.625 in CHCl;).

Anal. Caled. for CoH3:NOs: C, 61.92; H, 7.58. Found: C,
61.94; H, 7.68.

A suspension of 25 mg. of a-oxodelphonone in 4 ml. of water
and 1 ml. of methanol was warmed to effect solution. The
cooled solution was treated with 0.5 ce. of 0.1N NaOH.
The rotation taken within 11 minutes showed [a]lp —66°.
No significant change of rotation was found after 24 hr.
The diluted solution when extracted with chloroform yielded
amorphous material which showed [a]y —79.5° (¢, 0.44 in
CHCL).

Anal. Caled. for CpHy;:NOs: C, 61.92; H, 7.58. Found:
C,62.12; H, 7.69.
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Note added in proof: Since sending in this manuscript a
paper on delphonine by N. K. Abubakurov and 8. Yu.
Unusov [/. Gen. Chem. URSS, 26, 2011 (1956)] has come
to our attention. From data obtained with a substance which
they considered to be delphonine and which was obtained from
saponified mother liquors of a mixture of alkaloids isolated
from Delphinium rotundifolium Afan. they concluded that
delphonine is not an N-methyl base but an N-ethyl base and
that its formula is CosHyNOy. This and other data which
they report are so incompatible with the wealth of analytical
data which we have obtained along with our other findings
that we cannot accept their conclusions. There is the possi-
bility that their “delphonine’”’ is not identical with the
delphonine from Delphinium staphisagria.
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