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The alkaloid zygadenine has been shown to have structure and configuration 1.

zygadenine (II) and thence to pseudozygadenine (1II).

zygadenine acetonide diacetate (XI).
cyclopentenone derivative ( X11I) on periodate oxidation.

Alkaline isomerization of I leads to iso-

Acetylation of I with acetic anhydride alone leads to a triacetate
(VI) and acetylation in the presence of pyridine affords a tetraacetate (VII),

Acetylation of zygacine acetonide (X) gives

Mineral acid hydrolysis of XI leads to zygadenine diacetate (XII) which affords a
Proof that zvgadenine is 7-desoxygerniine was obtained by Raney

nickel desulfurization of 7-dehydrogerniine 3,16-diacetate propylene thioketal hydrochloride (XV) to zygadenine 3,16-

diacetate (XII).

Zygadenine is the alkamine present in three
ester alkaloids which occur in zygadenus®—’ and
veratrum®® species. The structure of zygadenine
is of special interest in view of the powerful pharma-
codynamic properties of its ester alkaloids.”
In this paper, evidence is presented which favors
assignment of structure and configuration I to
zygadenine.

Zygadenine was first isolated in 1913 in a search
for the poisonous principles of alkaloidal extracts
of Zygadenus intermedius indigenous to Wyoming.
A CyHgOpN formula was originally assigned to
the base.®! Subsequent re-examination of the
alkamine and a series of its derivatives revealed
that zygadenine has a CyHy;O;N formula.

The apparent minimal pharmacological activity
of zygadenine® left unsolved the problem of the
nature of the toxic principles of various species of
zygadenus. Subsequent investigation in this Lab-
oratory of the active principles of Zygadenus veneno-
sus and Zygadenus paniculatus from Washington!!
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showed that the toxic compounds included the zy-
gadenine monoesters veratroylzygadenine, vanil-
loylzygadenine and zygacine®~" as well as several
germine polyesters.’!? Veratroylzygadenine has
subsequently been isolated from veratrum species
known to be rich in germine polyesters.®® ‘These
facts confirmed the close relationship between the
two genera which was first suggested over fifty
years ago on the basis of the similarity of their
pharmacological actions.!?

The isomerization triad now known to character-
ize the polyoxygenated veratrum alkamines (e.g.,
veracevine!*1s and germine'*'%) was first recognized
in the zygadenine case.’ Furthermore, similari-
ties in infrared spectra between the zygadenine
isomers and the veracevine isomers'® suggested
quite early that there might be a close resemblance
in structure among those portions of the respec-
tive molecules which are involved in the isomeri-
zation reactions. These similarities and the oc-
currence of zygadenine alongside germine in at
least two plant genera led early to the tentative
hypothesis that zygadenine contains a 3-hydroxy-
4,9-hemiketal system in a molecule with the ger-
mine—veracevine skeletal system. (Independentsup-
port for the location of an oxygen function at C,
came from another sequence; see below.) The
zygadenine — isozygadenine — pseudozygadenine
isomerizations would then be represented as I—
II—-III (¢f. ref. 17, 18). The order of stability
of the zygadenine isomers parallels that of the

veracevine series, 7.¢., I (3-8-hydroxy-4,9-hemiketal)
<II (3-8-hydroxy-4-keto-9-a-hydroxy-A/B trans)
<IIT (3-a-hydroxy-4,9-hemiketal) and differs from
that of thi= germine series.”® This fact is compatible
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with the view that the different order in the germine
series is attributable to the effect of germine’s
7-a-hydroxyl group.

Zygadenine readily formed a triacetate upon
acetylation with acetic anhydride.® Hence, three
non-tertiary hydroxyl groups are present in the
molecule. Under more vigorous acetylating con-
ditions, zygadenine formed a tetraacetate,® and,
by analogy with the behavior of veracevine,
cevine and germine'8, it may be assumed that the
fourth, more difficultly acylable, hydroxyl is the
hemiketal hydroxyl.

Periodic acid titrations indicated the following
uptakes: zygadenine, 3 moles; zygacine (zygaden-
ine monoacetate$), 2 moles; zygadenine triacetate,
0 mole; zygacine acetonide,® 0 mole. These
facts are most readily accommodated by the view
that, like germine,'® zygadenine contains a 1,2,3-
triol system. Furthermore, the following facts
show that the triol system is tertiary-secondary-
secondary. Acetylation of zygacine acetonide
with acetic anhydride yielded zygadenine acetonide
diacetate. Mineral acid hydrolysis of the latter
compound afforded zygadenine diacetate, which
consuried one mole of periodic acid. These ob-
servations suggest that (1) the acetonide is tertiary-
secondary, for only one of zygadenine’s acylable
hydroxyl groups is blocked toward acetylation and
(2) the triol system is tertiary-secondary-secondary,
for one of the acetate groups in zygadenine diacetate
clearly occupies a terminal secondary hydroxyl
group of the triol system (c¢f. ref. 18). The dis-
cussion presented thus far leads to the tentative
disposition of functional groups as shown in formu-
lation IV,
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The location of the triol svstem at Cyu, Cis,
Cis is assigned on a basis paralleling the placing
of this grouping in the germine molecule. When
the crude product of periodic acid oxidation of
zygadenine diacetate was exposed to dilute alco-
holic ammonia for fifteen minutes, a product was
obtained with infrared and ultraviolet spectral
properties closely paralleling those of the cyclo-
pentenone derivative V in the gernine series.'®
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As in the germine case, the A%?° location of the
double bond in the unsaturated ketone indicates
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that a tertiary hydroxyl (or equivalent) is affixed
at C, The seventh oxygen of zygadenine is
tentatively assigned to Cg at this point in the dis-
cussion by analogy to germine and veracevine,
leading to the structure for zygadenine represented
by I (apart from configurational relationships,
for the present).

Chart 1 presents a formulation of the reactions
of zygadenine based on formula I as a reasonable
working hypothesis. The triacetate formed by
acetic anhydride acetylation is the 3,15,16-tri-
acetate (VI). The tetraacetate formed by acetic
anhydride-pyridine acetylation is the 3,4,15,16-
tetraacetate. Zygadenine acetonide is represented
as the 14,15-acetonide (VIII) on the basis of the
periodic acid uptakes and products discussed
earlier.

Zygacine consumes two moles of periodic acid;
zygacine acetonide consumes none. These facts
indicate that the acetate group to zygacine is
located either at C; or Cy. A zygadenine 4-mono-
acetate on acetylation with acetic anhydride alone
would form zygadenine 3,4,15,16-tetraacetate (VII).
In fact, zygacine is known to form zygadenine 3,15,-
16-triacetate (VI) on acetylation with acetic an-
hydride and zygacine is therefore assigned struc-
ture IX. Zygacine acetonide is then represented
as zygadenine 14,15-acetonide-3 acetate (X).
The diacetate formed by acetylation of X is formu-
lated as XI and the product of dilute mineral acid
hydrolysis"of XI is zygadenine 3,16-diacetate
(XII). The cyclopentenone formed by periodic
acid oxidation of XII followed by exposure of the
initial product to dilute base now is assigned the
full structure XIII. The formation of this prod-
uct is readily explicable in terms of initial glycol
change at Cyu, Cj5 to a B-hydroxycyclopentanone,
followed by B-elimination to XIII.

The foregoing arguments provided strong cir-
cumstantial evidence for structure I for zygaden-
ine, but it was considered desirable to seek con-
clusive evidence. Proof that zygadenine is 7-
desoxygermine and therefore possesses structure
and configuration I was obtained by interrelation
of zvgadenine with germine. Treatment of 7-
dehydrogermine-3,16-diacetate (XIV) " in methannl
with 1,3-propane-dithiol and anhydrous hyvdrogen
chloride vielded 7-dehydrogermine 3,16-diacetate-
propvlene thioketal hvdrochloride. Raney nickel
desulfurization of XV afforded zvgadenine 3,16-
diacetate (XIT), characterized by nuxed melting
point and infrared spectral comparison with the
authentic sample.

Experimental'®

Periodic Acid Titrations.—The periodic acid titrations
were performed as in part XNXVIIL® Zygadenine tetrance-
tate, zvgadenine trincetate and zygacine acetanile constmed
no periodic acid in 20 hours., Zygadenine eonsnmed 2.0 male
periodic acid in 21 hours. Zygndonine consme? 0 male
equivalents in 1 hour and wns sinbbo rhercdie v
constumed 1.7 mole equivalons i 1 firan o0 bl

(19) Melting points ure crarectod for slam exprsen Naines )
{«lu have been approximated
absorption spectra were deterinin
spectrophotormeter (moadel 11 M=%,
in cliloroform on a Baird iioubirr beam infrarc:l 1ecording speetropha-
tometer (model B). Microanalyses were carrived nut hy Dr. & M,

Nagy and his associates at M.1.7T. on sionples drivil sn racun at 110°,
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CHART 1

[ A

[RSE_S——

Zvgadenine diacetate took 1.1 mole equivalents
in 1 hour and was stable therecafter.

Zygadeniie Acetonide Diacetate (XI).—Zygacine ace-
tonide® (1.25 g.) was dissolved in acetic anhydride (15 ml.)
and the solution was heated on the steam-bath for 2 hours.
The excess acetic anlivdride was decomposed by cautious
addition of methanol (20 mi.) and the solution was evapo-

thereafter,

rated to drymness in vacuo. The residue was treated with
water (5 ml.) and ammonium hvdroxide (to pH 8.5) and the
solution wes extracted with chloroform (nine 10-ml. por-
tions). The combined chloroform extract was washed with
water (10 ral.), dricd over sodium sulfate, and evaporated
to dryness in vacuo. The residue crystallized from ether;
yield 1.07 2., m.p. 269-271° dec. Recrvstallization from
avetone gave clusters of needles (810 mg.), m.p. 271-272°
dec., [a]?*p ~29° (¢ 1.19, pyr.).

Anal. Caled. for CpHeO:N(COCH;): C, 66.10; H,
8.32; acctyl, 13.93. Found: C, 66.33; H, 8.35; acetyl,
13.61.

Zygadenine Diacetate (XI}).—Zygadenine acetonide di-
acetate (500 mg.) was dissolved in acetic acid (4 ml.) and
1:4 dilute aydrochloric acid (10 ml.) and the solution was
allowed to stand at room temperature for 4 hours, Dilute
ammonium hvdroxide was added to pH 8 and the solution
was extracted with chloroform (ten 15-ml. portions). The
chivroform was dried over sodium sulfate and brought to
dryness in vacuo. The residue crystallized readily from
acetone-cther; vield 220 mg., m.p. 252-255° dec. Recrys-
tallization from acetone-cther gave clusters of rods (110
mg.), m.p. 255-257° dec., {«]?*p —~50° (¢ 1.14, pyr.).

Anal. Caled. for CnH,0.N(COCHy)s: C, 64.45; H,
8.20; acetyl, 14.90; equiv. wt., §78. Found: C, 64.40;
H, 8.20; acetyl, 14.83; equiv. wt., 582,

Periodic Acid Oxidation of Zygadenine Diacetate.—Zyga-
denine diacetate (30 mg.) was dissolved in 59, acetic acid
(2 ml.) and 0.02 M periodic acid (5 ml.) and water (3 ml.)
were added. After one hour, a 2-ml. aliquot was taken and
titrated in the usnal manner; periodic acid consumption was
found to be 1.0 mole equivalent, The remaining solution
was made alkaline with dilute amimonium hydroxide and
extracted with chloroform (eight 10-ml. portions). Evapo-
ration of the chlor form solution to dryness left an amorphous
residue (10 mg.). This material showed no ultraviolet
absorption other than the high end absorption characteristic
of these alkaloids. The solid was dissolved in alcohol (2
ml.) and ammonium hydroxide (0.04 ml.) was added. The
solution was allowed to stand for 3 hours at room tempera-
ture, The solution now showed intense absorption at 238
mu. Evaporation of the solution to dryness in a stream of
air left a residue which showed infrared absorption peaks at
2.90, 5.78-5.85, 5.92 and 6.05 u, The infrared and ultra-
violet spectral properties parallel closely those of the cyclo-
pentenone derivative derived from germine dincetate.!®

7-Delydrogermine 3,16-Diacetate Propylene Thioketal
Hydrochloride (XV).—To a saturated solution of hydriugen
chloride in methanol (15 ml.) at —15° was added 7-dehydro-
germine diacetate®® (2.0 g.) and 1,3-propanedithiol (7 ml.).
Hyvdrogen chloride gas was bubbled through the solution for
1 hour and the solution was then inllowed to stand for 2 nddi-
tional hoursat —15°, Chloroform (100 ml.) was added, aund
then solid sodium bicarbonate was added portionwise tn
cessation of bubbling. The precipitated salts were filtered
and the yellow filtrate evaporated to dryness im zacuo.
Solution of the residue in chloroform led to separation of
unidentified solid material (850 mg.). Evaporation of the
chloroform filtrate to dryness and crystallization of the resi-
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due from acetone yielded a second solid product (900 mg.).
Two recrystallizations of the second product from alcohol-
ether gave colorless rods (740 mg.), m.p. 265-266° dec.,
[a]?p —5° (¢ 1.25, pyr.), Amax 246 mu (e 600).2

Anal. Caled. for C3H;O.NSy,HCL: C, 56.84; H, 7.30;
S, 8.93; Cl, 4.94. Found: C, 56.86; H, 7.80; S, 9.13; Cl,
5.11.

Desulfurization of 7.Dehydrogermine 3,16-Diacetate
Propylene Thioketal Hydrochloride.—To u solution of 7-

(20) Cf. D. J. Cram and M. Cordon, THis JournNar, 77, 1810
(1955).
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deliydrogermine 3,16-diacetate propylene thioketal hydro-
chloride (275 mg.) in alcohol (30 ml.) was added Raney
nickel (3 g.) and the solution was heated under reflux for 11
hours. The suspension was filtered and the Raney nickel
extracted twice with hot alcohol. The alcoholic solutions
were combined and evaporated to dryness in vacwo. The
residue crystallized slowly from acetone-ether; yield 30
mg. of rods, m.p. 253-255°. The melting point was not de-
pressed by admixture of an anthentic sample of zygadenine
3,16-diacetate and the infrared spectra of the respective
samples were identical.

Mabison 6, Wisc.
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In an effort to separate the medically important hypotensive and sedative components of the action characteristic of reser-

pine, over 100 derivatives of methyl reserpate were prepared.

Of these, two were outstanding; the carbethoxysvringate

ester having a predominantly hypotensive effect with little sedation, and the 3-dimethyvlaminobenzoate ester which proved

to be a fast acting sedative with little effect on the blood pressure.

various derivatives are described.

The medical importance of the Rauwolfia alka-
loid reserpine has stimulated considerable interest
in determining the effect that variations in the
chemical structure of this molecule might have upon
the biological activity of the drug. It would be of
theoretical interest if an analog of reserpine could
be prepared with an activity such that either
the hypotensive or sedative component of the action
characteristic of reserpine predominated. This
would then demonstrate that these actions, which
have not previously been separated, could be dis-
sociated. Such substances could also be of prac-
tical importance for in some clinical cases of hy-
pertension the concomitant sedation produced by
reserpine may not be desirable. While this side
reaction can usually be adequately controlled by
regulation of the dosage, a reserpine derivative with
a hypotensive action considerably greater than its
sedative effect would be clinically useful. On the
other hand, the value of reserpine as a tranquilizer
would be inarkedly increased if an analog could be
prepared which had a strong sedative action of
rapid onset. A de-emphasis of the hypotensive
action in such a product would be desirable but not
essential since reserpine does not lower the blood
pressure of normotensive patients. With these
considerations in mind we set out to prepare some
substances derived from reserpine which might ful-
fill the above conditions.

Some information was already available on the
biological effect of structural changes in the re-
serpine molecule. The naturally occurring 11-
desmetlioxy compound deserpidine® and the 11,17-
didesmethoxy analog? both had typical reserpine-
like activity. Substitution of the indole nitrogen
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The physical properties and methods of preparation of the

with methyl and allyl groups® produced substances
totally lacking in reserpine-like action. In fact
their mild stimulant effect could be considered as
antagonistic to reserpine. The N-oxide of the other
more basic nitrogen in reserpine has a reserpine-
like activity,® but the quaternary salt” was found
to be completely inactive. This was also true of
such degradation products as methyl reserpate,
reserpic acid and its lactone.

Since none of the above-mentioned compounds
showed any indication of an action which was
either predominantly hypotensive or sedative, we
initiated a program for the synthesis of reserpine
analogs in which the R und R’ groups were varied.

Reserpine,
R=CH; OCH,
OR’

OCH3;
OCHj

We had previously prepared the comipound in
which R = ethyl and R’ = trintethoxybenzoyl’
and this was found to have an activity comparable
to reserpine. However, further variants in this
direction were limited by the relative difficulty of
preparation of the corresponding reserpic acid
esters, The use of simple acid-catalyzed csteri-
fication is complicated by the known facile epi-
mierization of reserpine derivatives at C-3 to the
corresponding inactive iso-compounds® under acid
conditions and is, therefore, not too adaptable.
The action of reserpic ucid lactone with alcohols did
not give satisfactory yields of esters. The onlv
sure method was that using the diazoalkanes, a

(5) C. Y. Huebner, ibid., 76, 779 {1054).
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244, 2088 (1957).
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{8) H. B. MacPhillamy, et al.,, THIs Journar, T7, 1071, 4335
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