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Abstract

A synthetic approacﬁ to members of the Veratrum alkaloids and its
application in the synthesis of verarine is described.

The condensation of optically active 3B-acetoxy-5a-etiojerv-12-
en-17-one (76), a known compound available from the degradation of
hecogenin acetate, with the lithium derivatives of various substituted
2-ethylpyridines is outlined as a general scheme for synthgsising the
carbon skeleton of members of the Veratrum alkaloids.

Condensation with the lithium derivative of 2-ethyl-5-methylpyridine
(105) followed by acetylation of the product gave a mixture of four
isomers possessing the verarine skeleton (106). The two major isomers
designated "A" and "B'" were separately converted to the ringAD aromatic
compounds (107) by heating with pailadised charcoal and the products shown
to be isomeric. Selective hydrogenation of the pyridine moiety in éither
ring D aromatised compound (107) gave a mixture of four isomers which
contained the piperidine ring (108). These compounds were separated and
then convertéd to the N-acetyl derivatives (110) via the 3-0,N-diacetyl
derivatives (109). | |

Degradation of veratramine {2¥ by a known procedurg gave 3-0,N-
diacetylverarine (117). Hydrogenation of the 5,6-double bond employing
Adams catalyst in acetic acid gave a 1:1 mixture of the 5a,6- and 58,6-

A dihydro compounds which were separated as the N-acetyl derivatives (120,
121).

The N-acetyl derivative of one of the éight isomers obtained from

hydrogenation of the isomeric aromatic compounds (107) has been identified

as N-acetyl-Sa,6-dihydroverarine (120). The conversion of -this compound
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to verarine (3) was carried out on a'quantity of material obtained from
veratramine. Oxidation with Jones reagent led to N;acetyl-3-keto—5a,6-
dihydroverarine (111) which was converted to N-acetyl-A4¢3-keto-S,6-dihydro—
yefarine (112). Treatment of this a,B-unsaturated ketone with
isopropenyl acefate gave the enol acetate (113) which was converted to
Néaﬁetylverariné (114). Removal of N-acetyl group gave verarine (3)
which was identified by comparison with an authentic sample. This
completes in a formal sense the total synthesis of verarine since
hecogenin has been totally synthesiséd.

The total synthesis of racemic 3B-acetoxy-5a-etiojervan-17-one
from B-naphthol by other members of this laboratory is mentioned and its

comparison with the natural (+) 3B-acetoxy-5a-etiojervan-17-one is noted.
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INTRODUCTION

Luring the past decade significant contributions have been made
regarding the chemistry and stereochemistry of several sub-groups among
the Qeratrum a!kaloids. The general classification, Veratrum alkaloids
includés those alkaloids from the tribe Veratreae belonging to the Liliaceae

family and specifically from the genera Veratrum, Zygadenus, Stenanthium

and Schoenocaulon, Alkaloids of similar structure have also been shown

to occur in the Fritillaria genus of the Liliaceae,

Reviews on the various aspects of the chemistry of the Veratrum
alkaloids have been written by Fieser and ?iggéil, Boitz, Narayanan3 and
Kupchan4. In addition, the occurrence of the alkaloids in the plants of
'the;Veratreae, and the implications of alkaloid occurrence and structure
to the taxonomy of the Veratreae have been revieweds. The division of
- the Veratrum alkaloids into.thg jerveratrﬁm and cerveratrum groups as
pioposed by Feiser has been adopted ﬁy Kupchan in the most recent review,

The jerveratrum alkamines contain only 1 to 3 atoms of oxygen
and are found in the unhydrolysed plant extracts, in part as the free
alkamines, and in part, in combination with one molecule of D-glucose as
glucoalkaloids. The cerveratrum alkamines are highly hydroxylated and
contain 7 to 9 atoms of oxygen. They usually occur esterified with
various acids but are in séme instances unconjugated although they do
not occur as glycosides, |

Crude extracts from Veratrum and related plants haye been used
for various medicinal purposés since the middle ages, and their use in’

the control of hypertension dates from a report by Baker6 in 1859.



Treatmsnts jn the second half of the nineteenth century employed crude
extracts which gave erratic results and their usage was discontinued.
During the late 1930's purified alkaloidal-preparations became available
and improved techniques led to the first crystalline alkaloidal
preparation, protoveratrine, which was shown to be a powerful hypotensive
agent7’8. |

Following pharmacological investigation by Krayerg-this
preparation was introduced into clinical use in the treatment of certain
types of hypertensionlo. One of the limiting factors in the use of this
drug is the narrow dosage range between hypotensive and emetic effects.

The advent of the superior hypotensive compound, reserpine, has led to
the use of the protoveratrines being largely discarded.

The jerveratrum alkamine rubijervine (1), so named because of its
red colour with sulphuric acid rather than a similarity to jervine, may
be regarded as the simplest of the veratrum alkaloids from a structural
point of view. It possesses the normal C-27 steroid skeleton (e.g.
cholesterol) and the E and F rings méy formally be regarded as having
been formed by folding the normal cholesterol side chain around the
nitrogen atom. Other jervergtrum members veratramine (2), verarine (3)
and jerQine (4) are charactefised by the C-nor-D-homo ring skeleton which
may formally be regarded as having originated by migration of the C-13,
C-14 bond of a normal steroid to the C-12, C-14 position. Since it was
our aim to provide a synthetic entry into the C-nor,D-homo jerveratrum
alkaloids the structural elucidation of yeratramihe, verarine and jervine

will now be reviewed,
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Fried and Klingsbergl1 proposed the term '"jervane'" be adopted
to represent the carbon skeleton of jervine (4) and the term "etiojefvane”
to represent the parent tetracyclic hydrocarbon. This proposal has
been widely adopted and simplifies the nomencléture of these alkaloids.
The systematic steroid nomenclaturé for the "etiojervane" portion is
17-méthy1—C-nor—D-homo-18—nor—5,12 androstane indicating the obvious
advantages of thevabove proposal., The numbering scheme for these
~ compounds is as indicated for jervine (4) in fig 1. It has been proposed

(11a) that the term '"cholojervane" be adopted for the 24

recently
carbon skeleton which arises by cleavage of the C-24, C-25 bond.

| Both jervine (2) and veratramine (4) have been converted to
the triacetyl derivative (5) and jervine has been interrelated with
hecogenin12 (6) via compound 7, This suggested'the 9a configuration for

veratramine and further support for this assignment was obtained by

conversion of hecogeninl3 and veratramine14 to compound 8, Additional
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-evidence for the Sa cﬁnfiguration was provided by Jo}mson15 in a base
catalysed equilibration study of compound 9 formed from N-acetyl-11-
ketoveratramine (10). Treatment of the dike£one 9 with methanolic
potassium hydroxidé effected partial conversion to a new compound. The
n.m.r. spectrum of the diketone 9 showed a sharp signal attributed to

the C-19 methyl at T 8.81 which was superimposable upon the corresponding
signal in the synthetic trans compound 12. The equilibration mixture
exhibited a new sharp signal at 78.45 which was superimposable on the
corresponding C-19 methyl signal in the synthetic c¢is compound 11,

This work established the B/C trans junction for N-acetyl, 11-
ketoveratramine (0) which was related to veratramine by conversion to
N-ethyl veratramine under conditions which allowed ho epimerisation at
C 9.

The configuration of the piperidine moiety was first investigated
by Sicher and Tichy16 by infrared comparison with two pairé of pipecolinoi
derivatives (13 and 14). They found that the cis isomers exhibited two
hydroxyl bands at 3 whilst the trans isomers showed a single hydroxyl
band. They assumed that the ethyl group would occupy an equatorial
position placing the hydroxyl group axial and so allow hydrogen bonding
to the nitrogen. Consequently the cis isomers show a hydroxyl band due
to the free hydroxyl as well as one due to the hydrogen bonded species.
The trans isomers can exist with béth groups equatorial and the infrared
spectrum shows only: the band: due to free hydroxyl. The infrared spectrum
of veratramine shows only one hydroxyl band supporting a trans diequatorial
arrangement for the alkyl side chain at C-22 and the C-23 hydroxyl. It
had- been proposed18 that the C-26 methyl group belongs to the (S)-series
and occupied the B position. From these considerations the configuration

of veratramine was assigned as in 15,



Figure 3

However, a recent investigation by Johnson17 has indicated that
vefatramine is correctly represented by 16 in which the substituents

on the piperidine are all equatorial. Johnson synthesised Sa,6-
dihydro-veratramine (17)and Sa,6-dihydro-23-iso-veratramine (18)without
epimerising the C-22 alkyl side chain. The iso compound must have the
C-23 hydroxyl group in an axial orientation. This would be expected to
cause a 12-13 cps shift to lower field of the C-26 methyl signal if
this group is also axially oriented. The C-26 signal ‘was shown to

| occur at 1 9.18 in both compounds 17 and 18 indicating that the C-26
methyl group is equatorial. Since this group occupies the B configuratioﬁ
and the substituents at C-22 and C-23 are trans and equatorial the
correct assignment for veratramine is represented by 16, bEarlier work
by Augustine19 and Masamune20 involving equilibration studies on the
keto amide of veratramine had supported the assignment of Sicher and

Tichyls. Masamune studied the base catalyzed epimerisation of 3,N-



diacetyl-23-dehydro-veratramine (19, which in the original postulate
has one of the alkyl groups on the piperidine moiety in an axial
orientation., Treatment of 19 with méthanolic botassium hydroxide gave
a predominance of the C-22-isomeric compound in a ratio of 10:1., This
result was explained on the basis that epimerisation at this position
would lead to the piperidine ring being able to assume the more stable
conformation with both groups equatorial,

21,22 have shown that acylation of 2-methyl

Paulson and Todt
piperidine is accompanied by conformational inversion of the ring (methyl
group axial) to relieve steric interaction between the equatorial methyl

group and amide carbonyl.

HO

20

The recent n.m.r. study by Johnson supports this inversion of the
piperidine ring in the N-benzoyl derivative of veratramine (20). The
C-23 proton appears as a relatively sharp unresolved multiplet indicative
of an axial hydroxyl whilst the signal assigned to the C-26 methyl group
now appears at 19.$ 7. This downfield shift of.the C-26 methyl group
indicates a 1,3 diaxial relationship between the C-23 hydroxyl and the
C-26 methyl groups.'

It therefore seems very probable that the ketoamide 19 exists

preferentially in that conformation with the C-22 and C-25 substituents



both axial, Epimerisatibn to the C-22 iso compound occurs readily since
this compound can exist in the conformation with the C-22 axial and “he
C-26 methyl equatorial. These studies indicate that veratraﬁine is
correctly represented as 16 since the configuration at all centres except
C-20 has been investigated. The configuration at C-20 is assignéd only
on the basis of biogenetic analogy with other steroids. |
The configurations at C-22 and C-23 in jervine have been

interrelated with those of veratramine and therefore the tetrahydrofuran
ring in-jervine must be attached to the piperidine ring in a trans manner.
Degradation of jervine by Klinsbergl1 gave 7 which had been synthesised
ffom hecogeninlz. The interrelation with veratramine gave additional
support for the 9a configuration whilst the configurations at all centres
of 5, 6,‘12-tetrahydrojervine (21) has been proposed by Wintersteiner
and Moorezs. In this investigation the configurations at C-17 and C-20
were assigned on the basis of biogenetic analogy with other steroids
rather than by investigation,

| Under fragmentation conditions N-methyl jervine gave 1, 5-
dimethyl-3-piperidone which was then reduced to 1,3-dimethy1piperidine17
. A synthesis of 1-(SR)-dimethylpiperidiﬁerfrom D-(+) citroneilal was
carried out and the product shown to be the antipbde'of‘the compound from
N-methyljervine. Consequently the absolute configuration at C-25 in
jervine belongs to the (S)-series and the C-26 methyl group has the
B orientation. The recently revised configuratioms of the piperidine
ring in veratramine also apply to jervine since the two compounds have
been interrelated.

In view of the ll-keto group in jervine allowing for some



doubt zbout the actual configuration at C-9 in jervine and its derivatives,
Masamune24 has recently reexamined this problem and has provided conclusive
evidencé for the 9o configuration via the conversion of veratramine and
"Jervine-11Bf-01" to the 5a,6-dihydro derivative 22, At this time the
configurations at C-17 and C-20 were assigned only by biogenetic analogy
and nofvby any direct evidence. A recent X-ray diffraction determination
on veratrobasine has revealed that this compound is probably jervin-118-
0125. This study reveals that the configuration which had been assigned
to C-17 in jervine might be incorrect. Kupchan26 has investigated the
relationship of jervine and veratrobasine and has shown that the latter
compound is indeed jervin-118-ol. In the light of the X-ray work on
veratrobasine the structure of jervine is correctly represented by 23 in
which the ether bridge is B at both C-17 and C-23.

The jerveratrum alkaloid verarine (3) was first isolated by
Tomko who proposed that the c;mpound was probably 23-desoxy veratramine27.
Masamune20 has investigated this possibility by the removal of the 23-
hydroxyl from veratramine and has shown that verarine is in fact 23 -
desoxyveratramine. The reactions involved in this conversion will.be

discussed later since they are pertinent to the work of the thesis.

From this interrelation the configurations assigned to veratramine must

necessarily apply to verarine,
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Two new veratrum alkaloids veralkamine28 (25) and veramine29 (26)
have recently been isolated and investigated by Tomko and Schreiber.
These compounds have been shown to possess the unusual 178-methyl-18--
nor-17—iso—chdlestane carbon skeleton as indicated in fig.4. These
compounds are unusual when compared with the known jerveratrum alkaloids

and closely resemble the spiroaminoketal alkalvids:solasodine and tomatidine.

The above workers have further investigated these types of alkaloids
30,31.

and the results will soon appear in print

Figure 4

The cerveratrum alkaloids are highly oxygenated and generally .
occuf as egters. All have the cevan nucleus which is characterised by
the C-nor,D-homo nucleus with an alternate folding of the side chain
. around the nitrogen atom. The commonly occurring alkamines are
veracevine (27), germine (28), zygadenine(29), protoverine (30) and
sabine (31). (Fig. 5)

The protoverine_esters A and B (32 and 33) have been investigated
thoroughly. Structural studies on these compounds culminated in 1960
with the elucidation of the structure and configuration of the alkamine
protoverine and the tetraesters protoveratrine A and protoveratrine B 32.

Protoveratrine A is a potent hypotensive agent with a narrow therapeutic

dosage range whilst protoveratrine B is less active but the emetic side
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effects are not as pronounced. Structurally the difference between
these two compounds is small and this prompted Kupchan to examine a
number of protoveratrine dgrivatives with fhe aim of improving the
therapeutic dosage range33. ‘This study led to a number of generalisations
concerning structure activity relationships for the protoveratrines but
no-radical improvement of the therapeutic dosage range.

The assignment of configurations at C-8, C-13, C-16, C-20 and
C-22 in veracevine has been presented and a subsequent X-ray study of
cevine hydroiodi&ehas provided conclusive evidence for the configurational
assignements ofAthirteen of the fourteen asymmetric centres35 whilst
evidence has been advanced to support the 20-8 configuration.

Alkaloids of related structure have been isolated from plants
of the Friiillaria genus of the Liliaceae family. The Fritillaria

alkaloid verticine (34) was first isolated by Fukuda>? from F. verticillata

Willd. var. thunbergii Baker. The same alkaloid was isolated by Cheu

and Chen37 from F. roylei Hook and named peimine. The identity of the two
compounds was established by direct comparison. Structurally verticine
represents the simplest example of a compound having the cevane nucleus as
found in the cerveratrum alkaloids. A further alkaloid Fritillarine was
isolated in the above studies and has since been characterised as verticinone
(35) by mixed melting point and infrared spectra comparisonsg.

An extensive n.m.r. study of members of the cerveratrum group
has been carried out39.' The spectra of 37 alkaloids of this group were
recorded and data for methyl group signals examined. The study provides
additional support for the configuration of the C-27 methyl group and the
effect of forming the D ring orthoacetate upon the stereochemistry of

the D ring was examined,



13

34 R = OH
35 R = =0

HO

Masamune40 has examined the n.m.r. spectra of 65 derivatives of the
jerveratrum group of alkaioids.v All the compounds contain the 22,27-imino-
17,23-oxidojervane ring skeleton (36) and the data from the spectra is
confined to the correlation of the chemical shifts of the methyl groups

with changes in environment.

36

H

In the n.m.r. spectra of steroids41 and triterpenoids42 the long range

shielding effects of various substituents on the chemical shift of the
angular methyl prot&ns-have been shown to be additive,

In order to examine both additivity and shieldiﬁg effects in

the 22,27-imino-17, 23-oxidojervane skeleton;the compounds were divided

into those derived from the A/B trans form {37) and those from the A/B
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cis (38). The contributions due to various functional groups were obtained
by pairing compounds which differ only by the group:in question. Values
calculéted for the C-19 methyl protons using these ;ontributions were in
good agreement (within 0.02 1) with the observed chemical shifts,
indicating the "principle of additivity" hélds satisfactorily for the
19-methyl protons of these C-nor-D-homosteroid alkaloids.

Masamune43 and Johnson44 have recently published the results of
tﬁeir independent investigations regarding the synthesis of some Veratrum
alkaloids -:.Masamune has succeeded in synthesising veratramine and jervine
whilst Johnson has synthesised veratramine, Both groups utilised 17-
acetyl-5o-etiojerva-12,14,16-triene-38-0l1 (8) as the source of the C-nor-
D-homo skeleton followed by elaboration of the 17-acetyl side chain to
prdvide the hetereocyclic portion to complete the jerveratrum skeleton.

An outline of Masamunes' synthetic approach is given in Fig. 6.
In this sequence compound 8 was obtained by degradation of hecogenin and
the piperidine portion is attached via an alkylation of the pyrrolidine
enamine 46 with 45, This leads directly to an isomeric mixture of 3,N-
diacetyl-5a;6-dihydro-23-dehydro-veratramines (47) since the (S)
configuration of the methyl group is established in 43. This isomeric
4mixture'was compared with an authentic sample obtained from 5a,6-
dihydroveratramine. The ether bridge between C-17 and C-23 was synthesised
by a series of elegant steps including formation of the important compound
22,27-iminojervan-13(17)-ene-38,238-diol (49) which was identified by
comparison with an authentic sample. | |

Epoxidation of this compound gives 50 which undergoes cleavagé
of the epoxide and concommitant attack of the C-23 hydroxyl to give the

desired ether bridge. Dehydration with thionyl chloride gave 350N-diacetyl-
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11-deoxo-5a,6-dihydrojervine (52) which was compared with an authentic
sample ‘prepared from jervine in an unambiguous manner. The introduc;ion
of the 1ll-keto group unfortunately proceeds in a yield of 1% but the
authors were able to isolate 53 and complete the sequence to jervine as
shown. It should be noted that in view of the recent paper by Kﬁpchan26
the formulae 51-56 are indicated with the correct stereochemiStfy at

C-17. Since hecogenin has been totally synthesised45 this work represents
in a formal sense a totadl synthesis of veratramine and jervine.

The W. S, Johnson group also employed 17-acetyl-5a-etiojerva-12,
14,16-trien-3B8-01 (8) as the source of the C-nor-D-homo portion but in
their approach this compound was totally synthesised from Hagmmnn's ester
(57) as outlined in Eig. 7 rather.than obtained from the degradation of
hecogeniﬁ. The synthesis involves the use of a relay compound from
veratramine for the conversion of 66 to '8 . This same group of workers
has rccéntly published46 an alternate synthesis of compound 7§f by extension
of the hydrochrysené approach which they had investigated earlier47

| Fig. 8 outlines the synthesis of veratramine from 17-acety1-5a;
etiojerva-12,14,16-trien-38-0l1 in which the piperidine ring is built up
. from the uncyclized compound (72) through 73 and 74 to yield a mixture of
epimeric N-benzoyl 58,6-dihydro-3,23-diketoveratramines (75) which was
compared with an authentic sample prepared from veratramine. Introduction
of the 5-6 double bond was achieved via'formatién_of’the A4—3—ketone which
was converted to the enol acetate. Reduction of.this compound with sodium
borohydride provided N-benzéyl veratramine which was debenzylated to give
veratramine. This Synthesis represents a direct total synthesis of

veratramine which can be extended to jervine employing procedures developed
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by the Masamune group.

During the period of time that these two groups have investigated
the total synthesis of the jerveratrum alkaloids we have also directed
our efforts, in a somewhat different manner, towards a totally synthetic
entry into the veratrum alkaloids. The overall plan was to employ a method
which would allow a genefal entry into these alkaloids so that slight
modifications of procedure would lead to different alkaloids. This
thesis represents the work done on the latter stages of this approacﬁ

which I would now like to present.



DISCUSSION

During the past’few-years members of this laboratory have been
actively engaged in researéh designed tc provide a totallf synthetic entry
into the Veratrum alkaloiAS. The approach has been to consider the
veratrum skeleton as consisting of an etiojcrvane portion and a substituted
piperidine, coupled by the C-17, C-20 bond.

The aim was to provide a total synthesis of these two molecules
and then couple them in such a manner as to provide the desired skeleton.
The proposed sequence is outlined in fig. 9 in which 38-acetoxy-5a-etiojerv-
12-en-17-one(76) is reacted with the lithium derivative of the appropriately
substituted 2-ethylpyridine (77) to provide a isomeric mixture of compounds
possessing the structure 78. Aromatisation of ring D would provide
compounds of type 79 differing only in configuration at C-20. A selective
reduction of the pyridine to the piperidine systeh generates new
asymmetric cen&res and would give rise to a mixture of isomers (80) with
the number depending upon the nature of R',

If all the possible isomers are obtained after the selecfive
hydrogenation then one of these isomers should be identical with the
5 ,6-dihydro alkaloid for which the sequence is designed;. If R' is
hydrogen then the isomeric 5a,6-dihydroverarines will be obtained and in
the instance where R' is hydroxyl the sequence leads to an isomeric
mixture of the S5a,6-dihydroveratramines.

The reason for choosing SB-acetoxy-Sa-éﬁiojerv;12—en-17—one
(76) as the source of the etiojervane portion stems from earlier research

carried out in our laboratory which has been directed towards the total
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synthesis of this compound, which is readily available from fhe degradation
of hecogenin by published procedures. It was felt that the quantity of

3 B-acetoxy-5 a—etiojerv-lZ-en-l?-oﬁe which would result from the totally
synthetic approach would be insufficignt to complete the total synthesis

of members of the veratrum alkaloids. Consequently we envisaged the use

of _}gfggggggy;§q:g}jE}Efﬁfif:Eﬁ:T7z§H€“Tobtained from degrading hecogenin,

as a relay compound and the total synthesis of this compound,.as providing

the totally synthetic approach to representatives of the veratrum alkaloids.
The procedure of W. F, Johris48 was employed in the degradation

of hecogenin as outlined in fig. 10. This sequence gives a reasonable

~yield of the desired” 3B-acetoxy-Sa-etiojerv-12-en-17-one _although some
twelve steps are involved in the degradation., A feature of this sequence
which proved important in our totally synthetic approach is that the
Aesired a, B-unsaturated ketoné (76) is fo?med from the saturated ketone
- (87) by bromination and then dehydrobromination.

A synthesis of any naturally occurring alkaloid fromfgg:gzéioxyﬁ
5&;Eiigféf&;fé;Eﬂ;ij;Eﬁéﬁ;obtained from hecogenin constitutes a formal
total synthesis of that alkaloid since hecogenin has been totally synthesised

from isoandrosterone45. A more notable achievement however is the direct

total synthesis which would result if §§:§g§;g§x7Sqigpiojéyyflglggllfz

one (76) could be prepared by a totally synthetic route. The total
synthesis of this compound has recently beeﬁ achieved in our laboratory49
and the approach employed is outlined in fig. 11. The synthesis of the
diol aldehyde (94) has appeared in print50 and involves a ring contraction

developed by W, S. Johnson in an isomeric series of compounds5

Attempts to prepare” 3i-acetoxy-Sa-etiojerv-12-en-17-one _ from
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compound 98 via alkylation of the enamine were unsuccessful, However
alkylation via enolate anion led to compound 99 whiéh was Shown to be
structurally identical with the saturated ketone 87 obtained in the
degradation of hecogenin. This compound provides the point of linkage
_between the use of a relay compouhd from hecogénin and the totally
synthetic approach to the veratrum alkaloids. The compound (99) prepared
bby the totally synthetic approach was racemic and was not resolvéd, due to
the shall quantities available, whereas that obtained from hecogenin is a
single enantiomer and has a rotation of + 122°
To test the feasibility of the sequence in fig. 9 the reaction

of compbund (101) with 2-ethy1pyfidine was investigated. Earlier work
(fig.-ll) had made available the anisole compound (100) which was converted
to the unsaturated ketone (101) via Birch reduction and acid hydrolysis

- of the resulting enol ether.

OCHy ' 0

Y

100 , 101

When 2-ethy1pyridine is added to a tetrahydrofuran solution of
methyl lithium a deep red colour rapidly develops. The lithium derivative
of the 2-ethylpyridine is formed by the removal of a proton from the a
position of the ethyl side chain. The resultant charge in the carbanion
can be extensively delocalised by resonance into the pyridine rihg. Other
carbanions where'similar delocalisation of the negative charge can occur
2
a

(e.g. triphenylmeth 1? nd fluorenyl ) give rise to a deep red colour in
P Y Y p

solution. By analogy the deep red colour observed in this reaction is
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probably indicative of the formation of the desired lithium salt.
Addition of compound 101 to the red solution of 2-ethy1pyridine
and methyl lithium was continued until the colour faded and then the -
reaction quenched with water. Examinatibn of the ether extract by t.1l.c.
indicated that oné major compound had been formed. After purification
by column chfomatography this substance, in its ultraviolet spectrum,
showed peaks at 257, 262 ahd 270 mu corresponding to the pyridine
chromophore whilst the mass spectrﬁm exhibited a peak at m/e 395 corresp-

onding to the parent ion for compound 102,

" HO 102
The absence of a carbonyl peak in the infrared supported the 1,2 addition
of the organolithium derivative to the.a , B-unsaturated carbonyl comp0und
as opposed to any 1, 4 addition.

This procedure was then extended to the reaction of the lithium
sal; of 2-ethylpyridine with 3 B-acetoxy-5 a-etiojer&-lZ-en—17-one (76).

Column chromatography of the products from this reaction primarily gave
a___ material which appeared as one compound on t.l.c. The ultraviolet
spectrum showed peaks at 257, 262 and 269 mi indicative of the pyridine

chromophore whilst the mass spectrum exhibited a peak at m/e 395

corresponding to the parent ion for compound 103.
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HO 103

The elemental analysis supported thé assumption that the material
obtained was the product of the desired coupling but the n.m.r. spectrum
indicated that it was probably-a mixture of two isomers. The spectrum
showed two doublets in the region 1 8.84 and these were tentatively
assigned to the C-Zj methyl gfoup in each of two compounds.'

These reactions indicated that the desired coupling between

;_#§§;d§§§pxxi5q;§tiojerv;12;eH;17:one_“j(76),and 2-ethylpyridine was indeéd
 possible and so our efforts were turnea to considering substituted 2-
ethylpyridines which would allow an entry to the skeleton of some of the
naturally occurring veratrum alkaloids.
The initial aim was the synthesis of veratramine, which‘hés as
- its heterocyclic portion, 2-ethyl-3-hydroxy-5-methylpiperidine. It was

therefore necessary‘to prepare the corresponding 2-ethyl-3-hydroxy-5-

methylpyridine for coupling with 3B-acetoxy-Sa-etiojerv-12-en-17-one (76).
This pyridine is not readily available but was synthesised by Dr. G.V. Nair
of our laboratory. Treatment of this compound with methyl lithium would
possibly lead to the formation of the lithium alkoxide which might hinder
the formation of the carbanion at the a position on the adjacent 2-ethyl
side chain. Of the protecting groups available we chose to prepare the
benzyl ¢ther since the benzyl group should bg'easily removed during the
subsequent catalytic hydrogenation of the pyridine ring.

The treatment of 2-ethy1—3-benzyloxy;S-methylpyridine with
methyl lithium gave only a faint transient pink colouration rather than

the deep red colour which had been observed with 2-ethylpyridine. The
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product after addition of 3 B-acetoxy-5 a-etiojerv-12-en-17-one (76)
showed ﬁo coupled compounds, Repeated attempts to achieve this coupling
under varying conditions of temperature and time were unsﬁccessful. The
only compounds which could be isolated in any quantity from the column
chromatography of the reaction products were the o, B-unsaturated ketone
76 and the original substituted pyridine.

In an attempt to investigate the effect of the benzyl group on
the formation of the desired carbanion, the methyl ether was prepared.
A deep red colour slowly developed when 2-ethyl-3-methoxy-5-methylpyridine
was refluxed with methyl lithium in tetrahydrofuran. Compound 76 was
added until the colour faded and the reaction worked up as usual.
Examination of the ether extract by t.l.c. indicatea one major compound
besides recovered . o, B-unsaturated ketone. This product was separated
by preparative t.l.c. on silica gel and the resulting material obtained
crystalline from ether. The ultraviolet spectrum showed a peak at 284 m:p
indicative of the pyfidine chromophore whilst the mass spectrum exhibited

a péak'at m/e = 439 corresponding to the parent ion for compound 104.

HO

That the material obtained was a mixture of two compounds was indicated by
the n.m.r. spectrum which exhibited two sharp singlets at  6.21 and 6.24
‘due to the presence of two methoxyl groups. Two doublets were also seen

at 8.84 and 8,81 which were probably due to the C-21 methyl group in each
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of the two compounds. A separation of these two compounds was not done
. at this time due to the relatively small quantities available,.

Some preliminar} investigations concerning the aromatisaticn of
ring D were carried out on the mixtures of isomers obtained from the
reaction of __38-acétoxy-Sa-etiojerv-iz-en-17-one _(76) with 2-ethylpyridine
and 2-ethyl-3-methoxy-5-methylpyridine. Treatment of compound 103 with
10% Pd/C at 200° for 10 miﬁutes gave a new compound which was separated
by preparatiQe t.l.c. The mass spéctrum of this compound (fig. 17)
exhibited a peak at m/e.375 corresponding to the molecular ion for the
ring D aromatised compound. The n.m.r. spectrum suppérted fhe conclusion
that ;his aromatisation had taken.place asﬁa new three proton singlet
appeared at 7.85 and was assigned to the C-18 methyl group. A three
-proton singlet at- 9.07 in the product was due to the Cc-19 methyl group

which appeared at 9.26 in compound 100. This downfield shift would.
be eXpecied upon aromatisation of the D ring.
Treatment of the mixture of isomers of structure 104 with Pd/C

- under the same conditions yielded a new compound which was separated
from the product mixture by preparativé t.l.c. The mass spectrum
exhibited a peak at m/e 419 corresponding to the expected molecular ion
for the ring D aromatised compound. The C-19 methyl resonance in the
n.m,r. spectrum oflthis compound now appeared at 9.09 compared with 9.22
in compound 101 whilst a six proton singlet appeared at 7.75 corresponding
to the C-18 and C-26 methyl groups.

A shortage of the desired 2-ethyl-3-methoxy-5-methylpyridine
at that time prevented any further investigation and qlarification of
the isomers encountered in this sequénce. However this work has since

been further extended by Dr. G. V. Nair who has confirmed the existence
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of the compgunqs as indicated above,

- The naturally occurring jerveratrum alkaloid verarine has
recently been confirmed to possess the 2-ethyl-S;methylpiperidine
molecule as the hetereocyclic portionzo. Since the pyridine precursor
of this compound should be readily available via the methylation of
2,5-1utidine our efforts were turned towards ﬁhe synthesis of verarine
whilst a larger quantity of the appropriate py%idine for the synthesis of
veratramine was being prepared.

The methylation of 2,5-1lutidine was achieved by the addition of
this compound to an ether solution of phenyl lithium followed by the
addition of methyl iodide. The ethér extract obtained after dilution of
th¢ reaction mixfure with water was reduced to a small volume in vacuo
énd then the desired 2-ethyl-5-methyl pyridine was separated from the
2,5-1utidine by use of a spinning band distillation column. The n.m.r.
spectrum of the fraction distilling at 62°/10 mm showed the replacement
ofimethyl singlet present in the starting material by a quartet at
77.20 and a triplet at 8.80. The picrate derivative of this fraction,
with a melting point of 1440,.was in good agreement with that reported
in the literature53

The reaction sequence for the synthesis of verarine is shown
in fig. 12 with the initial steps following the proposal of fig. 9 whilst
the introduction of the 5,6-double bond represents an application of
procedures employed by W. S, Johnson in his synthesis of_veratramine44

Refluxing‘2-ethy1-5-methy1 pyridine with methyl lithium in
anhydrous tetrahydrofuran led to the rapid development of a deep red

colouration in the solution, 3 B-Acetoxy-5 o-etiojerv-12-en/17-one (76)
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76 L 105

108 R = Ac, R' = H
109 R =R' = Ac
110 R== H, R' = Ac

111

Figure 12
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was added until the colour faded and then the reaction was diluted with
water. Examination of the ether extract by t.l.c. showed that two new

compounds with similar R_ values had been formed but the separation of

f
these two compounds was very difficult. In an attempt to simplify this
separation the compounds were conQerted to their 3-0 acetates by standing
overnight in the presence of pyridine-acetic anhydride (1:1).. The ether
extract cbtained after working up this mixture, deposited needle-like
crystals, m.pt. 191-192°C, when the solution was allowed to eQaporate
slowly at room temperature, Examination of these crystals by t.l.c,
indicated that only one compound was present and this was designated
compound "A',
: a

The ultraviolet spectrum of compound "A" showedApeak at 270 mu
with shoulders at 265 and 276 indicative of the pyridine chromophore,
whilst the mass spectrum exhibited a peak at m/e 451 corresponding to the
molecular ion for the desired compound 106. The n.m.r. spectrum is
reproduced in fig. 13 and is in accord with the proposed structure for
compound A. A quartet occurring at7T6.71 was assigned to the proton at
C-20 and a decoubling experiment showed this signal to be coupléd to a
doublet at 8.79. This doublet was assigned to the C-21 methyl since the
integral indicated three protons, whilst the C-19 methyl signal appeared
as a sharp three-proton singlet at 79.21., The pyridine protons were
‘readily discernible in the aromatic regjon_of the spectrum with a one-
prpton_doublet at 1 2.82, J = 8 cps, corresponding to the C-23 H. The
C-24 proton gave rise to two doublets at 1 2,52 (J = 8 cps and J = 2 cps)
since it is ortho coupled to C-23 H and meta to the C-25 H, The latter

‘proton appeared as a broad singlet at 1 1,67. A broad unresolved one

proton signal at 3.98 which disappears upon addition of deuterium oxide
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was assigned to the hydroxyl proton at C-17; Elemental analysis confirmed
the molecular formula of compound "A" as corresponding to the desired compound
106, |

Column chromatography'of the mother liquor = from the
crystallisation of compound "A" gave a second compound which had a larger
Rf valﬁe than compoﬁnd "A'" but the same colour reaction when sprayed with
antimohy pentachlofide reagent, This compound gave rhomboid crystals
m.pt. 189-190° from a small volume of ether and was designated compound "B"F
The ultraviolet spectrum showed a maximum at 270 mu with shoulders at
. 265 and 276 mu indicative of the pyridine.chromophore whilst the mass
spectrum exhibited a peak at m/e 451 corresponding to the parent ion for
structure 106. .The overall mass spectrum of this latter substance was
‘virtually suberimposable on that of compound "A" (fig.‘14). Elemental
analysis confirmed the isomeric nature of compounds "A'" and "B". The n.m.r.
, 5péctrum of compound "B" is reproduced in fig. 15 and shows the same |
signals as are present in compound "AY with some differences in chemical
shift. The largest differences are seen in the positions of the C-18
and C-21 methyl groups. A three-proton singlet for the C-18 methyl appears
at v 8.28 representing a shift of 0,12 to lower field whilst the three-
proton doublet corresponding to the C-21 methyl appears at 8.88 and
corresponds to an upfield shift of 0.69 when cémparéd with isomer "A",
The hydroxyl protoh now appears as a one-proton signal at 14.20 and is not
quite as broad as the corréSponding signal in isomer "A'". The py;idine
protons occur at higher field with the one proton doublet dge to the C-23 H
at 2.92 whilst C-24 H gives rise to'two'doublets at 12.70. The broad
Signal'corresponding to the C-27 proton appears at t 1.75. It can be seen

from fig. 12 that the coupling reaction creates two asymmetric centres and
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and consequently there exists the possibility of obtaining four cqmpounds
possessing structure 106. In an attsmpt to determine whether the othef
two compounds are formed in this reaction, two of the fractions, from
the column éhromatographic separationiof compound "B'", were further
investigated. T.1,c, examination-of these consecutive fractions showed
two compounds, which gaveia similar colour recaction when sprayed with
SbCl5 as do compounds "A" and "B''. However the Rf values were not
identi€al with the two compounds alréady characterised and these two
additional compounds were designated "C" and "D". Preparative t.l.c.
yielded these compounds in a pure state although neither could be
induced to crystallise.

Compound ''C" was present in the product mixture to the extent
of 4% whilst compound D only constitutes about 1% of the total product.
The ultraviolet spectrum of compound C showed a maximum at 270 mu with
shoulders at 265 and 276ny¢indicating the pyridine chromophore whilst the
mass spectrum ( fig. 14) exhibited a peak at m/e 451 corresponding to the
molecular ion for structure 106. Elemental analysis confirmed that
compound "C" was isomeric with "A" and "B'" and the n.m.r. spectrum which
is reproduced in fig, 16 is entirely consistent with this conclusion. A
three-proton singlet at 1 9,26 was assigned to the C-19 methyl whilst
the C-21 methyl appears as a three-proton doublet at 8.77. The quartet
correspoﬁding fo the C-20 proton is centred at t 6.90 and the C-18 methyl
peak appears as a broad three-proton singletvat 8.43. The pyridine protons
give rise to the usual pattern of a doublet for the C-23 proton, two
doublets for the C-24 proton and a broad singlet corresponding to the
C-27 H in the aromatic region of the spectrum. A broad unresolved

multiplet at about t 5.8 which disappears on the addition of deuterium



41

oxide was assigned to the hydroxylic proton.

The ultraviolet spectrum ﬁf compound "'D'" also exhibited the
characteristic maximum at 270 mu with shoulders at 265 and 276 which
was associated with the presence of the pyridine chromophore. A peak
at m/e 451 corresponding to the parent ion for compounds of structure
106 was again evident in the mass spectrum. The n.m.r. of compound "D"
indicated that it possessed the same functionalities that are present in
the three compounds already isolated from the reaction. Elemental
analysié was not done on compound D due to the relatively small amount
available but the molecular formula was confirmed by high resolution mass
spectrometry,

The further extension of this sequence to.the ring D aromatised
series only involved the compounds "A'" and "B" as the small amounts of
"C‘bnd“ﬁ’which were available precluded any useful reactions.

Compound ''B" was ground with 10% palladised charcoal until
the twé substances were thoroughly mixed and then the powder was heated at
200°C for 10 minutes. The resultaﬁt solid residue was washed several
times with chloroform to remove the organic material. Examination of the
~filtered chloroform solution by t.l.c..iﬁdicated compound B had largely
been converted to a new compound posSessing a similar Rf value,
Separation of the reaction mixture by preparative t.l.c. indicated this
new compound, which was designated ”ardmatic I1", had been produced in
80% yield. The ultréviolet‘spectrum showed no qualitative difference
from that of compound B but the extinction coefficient at 270 mu
increased from 4,130 in the latter to 5,400 in this compound. The mass
spectrum exhibited a peak at m/e 431 corresponding to the molecular ion

for a compound of structure 107. The overall mass spectrum (fig. 17)
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shows a completely different pattern to that observed with the series

of compounds A to D. The n.m.r. spectrum reproduced in fig. 18 was
particularly useful in confirﬁing that the desired ring D aromatisation

: had.occurred. The most significant feature is the appearance of a

second pair of doublets in the downfield region of the spectrum corresponding
to the expected AB system for the protons at C-15 and C-16. The one-proton
quartet assigned to the C-20 H in compound‘B now appears at. 1 5.58 since

it is deshielded by the aromatic D ring and the pyridine whilst the
three-proton doublet due to the C-21 methyl has also suffered a downfield
shift and now appears at 1 8.40. The broad three-préton singlet which
corresponds to the C-18 methyl in the starting material has disappeared
but a new sharp singlet appears at 1 7.89 in the product in accord with

the aromatisation of ring D, One of the important features of the n.m,r.
spectrum is that in the aromatic region (2.75 - 3.1 1) 2all 8 lines

expected for the two AB systems present in Structure 107 are clearly
resolved. The molecular formula was confirmed by high resolution mass
spectrometry (calc: 431.2824 found 431,2809).

Isomer A was similarly treated with 10% Pd/C at ZOOOC for seven
minutes and the residue washed with chloroform. Examination of this
chloroform extract by t.l.c. indicated that three major compounds had
resulted from the reaction. All three compounds were obtained in a pure
state by preparative t.l.c. and two of these were identified as the a-8
unsaturated ketone (76) and 2-ethyl-5-methypyridine. The third compound
which was formed in 25% yield showed a colour reaction with SbC].5 similar
to that obtained with the aromatic compound from isomerlBi This third
component was designated."aromatic I and‘the mass spectrum exhibited a

peak at m/e 431 corresponding to the molecular ion for a compound of
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structure 107. The overall mass spectfum was very similar to that of
aromatic compoundzif}(fig. 17) whilst the n.m.r. spectrum shown in fig. 19
lent strong support to the presence o1 an aromatic ring D in the compound.
The one-proéon quartet due to the C-20 proton appears at % 5.61 with the
three-proton doublet assigned to ‘the C-21 methyl occurring at 8.41, The
three-proton singlet at 8.40 assigned to tho C-18 methyl in compound A has
now disappeared and a new siﬁglet integrating for three protons appears at
7.90 in accord with the aromatisation of ring D. The interesting difference
in the nature of the n.m.r. spectra of the aromatic compounds“I"and“II”was
noted in the aromatic region (2.75 - 3.1 ). InvI"only seven of the
theoretical eight lines were observed for the overlapping AB systems
whilst as mentioned above all eight lines were clearly present in compound
"II. The molecular formula of aromatic compound I was confirmed by high
resolution mass spectrometry as being the same as that of aromatic II,
These two compounds must be isomers since the n.m.r. spectra indicate they
are not identical., These compounds contain only one additional asymmetric
‘centre (C-20) when compared with 3B-acetoxy-5a-etiojerv-12-en-17-one.
Since this latter substance was obtained from hecogenin it is not racemic,
and in fact has a rotation of + 122°, The introduction of the asymmetric
centre at C-20 would therefore be expectedto give rise t§ two diastereomers.
This may well represent the nature of the difference between the two
aromatic compounds obtained in this work.

In view of the different extent of ring D aromatisation
encountered with isomers "A'" and "B', the relative‘stabiiity of these
two compounds'was further investigated. The C-17, C-20 bond cleavage,

W n
which occurs with isomer A under the conditions for the D ring aromatisation,

appears to be very facile since this cleavage also occurs slowly in
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methanol or ethanol. The cleavage is slightly enhanced when the compound
is dissolved in 0.1 N methanolic potassium hydroxide. Isomer A is stable
in dimethylformamide or benzene but is converted to 3B-acetoxy-5Sa-etiojerv-
12-en-17-oné and 2-ethyl-5-methylpyridine when disSolved‘in aqueous
dimethylformamide containiﬁg potassium hydroxide (pH = 9).

Isomer B is stable under the above conditions and shows no
C-17, C-20 bond cleavage. Dehydration of the tertiary alcohol appears
to be the main process for both isomers”A"anddB“in acidic methanol
solution.

Thus two compounds of structure 107 had been prepared and the
selective reduction of the pyridine to a piperidine ring was investigated.
One of these aromatic compounds should lead to an isomeric mixture of
Sa,6-dihydroverarines whilst the other would lead to a mixture of isomers
of similar structure but differing in configuration at C-20 from the
naturally occurring alkaloid verarine. The selective hydrogenation of
a pyridine ring in the presence of a benzene ring is reported54 to occur

smoothly when Pt0, is used as the catalyst in acetic acid at room temperature,

2
and a hydrogen atmosphere at 45 psi is employed. These conditions were
used in our work in the conversion of the aromatic compounds, to the
piperidine containing compounds of structure 108.

Aromatic compound II was hydrogenated under these conditions
for three hours and the filtrate was reduced to a small volume by
évaporation in vacuo. The resulting mixture was diluted with water,
basified with aqueous ammonia and then extracted with chloroform.
Examination of the product by t.l.c., indicated that four new compcunds

possessing very similar R_. values had been formed. These: compounds which

f

were numbered 1 to 4 in order of decreasing Rf values on silica gel, were
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separated by careful preparative t.l.c. These compounds were suspected
to be isomers of 3-0-acetyl-5a,6-dihydroverarine. However preparation
cf a sample of this compound from verarine for compariscen purposes is
difficult since acetylation of verarine yields N-acetylverarine or
3-0,N-diacetylverarine.

None of the four compounds from the hydrogenation of aromatic
coﬁpound IT could be induced to crystallise but it was found from other
investigations that N-acety1~5a;6-dihydroverarine (110) crystallises
readily from an ethereal solution. Consequently it was decided to convert
the four compounds obtained above to the N-acetyl derivatives (110), via
acetylation to the 3-0,N-diacetates (109) followed by selective hydrolysis
of the 3-acetoxyl group. The conversion to the respective diacetates was
accomplished upon standing overnight with acetic anhydride:pyridine (1:1)
" at room temperature, whilst hydrolysis of the 3-acetoxyl group was
achieved with 0.1 M potassium hydroxide in methanol.

The other alternétive open to us at this point, was the removal
of the 3-acetate by saponification to give the 5a,6-dihydroverarine.

This proposal was discarded in favour of the approach outlined above for
two reasons., Firstly the amount of»verarine available was relatively
small and secondly Masamune20 has shown that veratramine, which is
readily available, can be converted to N-acetylversarine, Since the
quantities of the isomeric compcunds ébtained from the hydrogenation were
expected to be insufficient for the introduction of the 5,6-double bond
which is necessary toAcomplete the synthesis of verarine, it was
desirable to compare the products with a compound which was readily
available. Once the comparison had been made then this compound could be

used for the further reactions involved in the synthesis of verarine.
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The conversion of veratramine to N-acetyl?erarine as published
by Masawune20 is outlined in fig. 20. The procedure gave a reasonable
yield of 3-0,N-diacetyl verarine (117) although some difficultly was
experienced with the thioketal formation. The thioketal derivative (116)
was obtained by dissolving the ketone (19) in glacial acetic acid and
treating this solution with ethanedithiol and boron trifluoride etherate.
This reaction was not accompanied by the loss of the 3-acetoxyl group as
was the case when the compound was dissolved in methanol and then treated
with ethanedithiol and hydrogen chloride., Consequently the procedure for
the conversion as repeated here led to 3-0,N-diacetylverarine rather than
N-acetylverarine previously obtained by Masamune.

| The diacetate was identified by t.l.c. comparison with an
authentic sample, melting point, rotation, mass spectrum and n.m.r., all
of which were in accord with the published data27. Subsequent hydrolysis
of the 3-acetoxyl gave N-acetylverarine with the same melting point as
recorded in the literature.

‘Hydrogenation of the 5-6 double bond in veratramine employing

Adams catalyst in acetic acid had been reported to give mainly the 5a,6-
dihydroveratraminess. By analogy it was expected that the hydrogenation
of the 5,6-double bond in S;O,N-diacetylverarine (117) using these
conditions would provide mainly the desired 3-0,N-diacetyl-5a,6-
dihydroverarine. This hydrogenation was #arried out and the compound was
observed to consume approximately one mole of hydrogen after 4 hours.
Examination of the product by t.l.c. employing both siliéa gel and alumina
under several solvent systems indicated that only one compound had been!:
formed. The n.m.r. spectrum indicated the unresolved one-proton multiplet
at t 4.5 preseht in 3-0,N-diacetylverarine which had been assigned to the

vinylic proton, was no longer present. Thus the hydrogenation of the

.~
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double bond, had indeced occurred. However, a closer examination nf the
spectrum particularly in the region t 8.5 - 9.5 indicated that both the
Sa and the 58 combounds had been formed.

The n.m.r. spectrum of 3-0,N-diacetylverarine 117 exhibited a
three-proton doublet at T 9.02 wﬁich was attributed to the C-26 methyl
whilst the C-19 methyl appeared as a three-proton singlet at 8,85,

The n.m.r. spectrum of the hydrogenation product exhibited a sharp singlet
af 8.92 and a doublet at 9.03, The upfield half of the doublet centred
at 9.03 was however very intense and the integral of this doublet
corresponded to 4.5 protons. From the recent excellent n.m.r. study of
22,27-imino—i7,23-oxidojervane derivatives by Masamune40 one would expect
the C-19 methyl signal for the Sa‘compound te be afta higher field
position than in the 58 compound. This difference is due to the shielding
of the C-19 methyl group by the ring A protons which are in close
proximity in the 5o derivatives but removed to a large extegf in the 58
derivatives. This effect has been noted in various steroids41 where the
stereochemistry of the molecule is fixed.

The difference in chemical shift between the singlet at 8.92
and the upfield ﬁalf of the doublet due to the C-26 methyl group was
13 cps and it was informative to compare this difference with the C-19

methyl resonances in compounds 118 and 119,
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The n.m.r. spectra of these two compounds have been studied by Masamune
who found the C-19 methyl resonance in compound 118 to occur at 1 9.19
whilst in compound 119 the three-proten singiet is observed at 1 9.07 -
a separation of 12 cps.

It therefore apbeared that the nydrogenation of 3-0, N-diacetyl
verarine had given both the 5a‘and 58 compo.mds. In an attempt to obtain
some separation of these two compounds and verify their existence the
product was converted to the monoacetate by hydrolysis of tﬁe 3-acetoxyl
group by means of 0.1M potassium hydroxide in methanol. A t.l.c,
examination of the resulting N-acetyl-5,6-dihydroverarines showed clearly
that tWwo compounds (120, 121) were present. The n.m.r. spectra of the
two compounds after separation by preparative>t.l.c. on silica gel,
supported the analysis of the C-19 methyl group positions outlined above.
(see figs. 21, 22)

Additional support for the 58 configuration corresponding to
the compound whiéh showed the C-19 methyl resonance at 71 8.92 was gained
from the presence of a relativeiy narrow multiplet at 1 5.97 assigned to
the proton geminal to the C-3 hydroxyl supporting the equatorial positibn
of this proton which should result in the conversion of A5'6 to the 58,6
dihydro compound. The compound in which the C-19 methylvresonance overlies
the upfield half of the C-26 methyl doublét exhibited a broad multiplet in
the region 1 6.3 - 6.5 which was assigned to this proton and indicated its
axial position supporting the 5a configuration.

It was vital to establish firmly the ideﬁtity of these two
compounds'whose molecular formulae had been verified by their mass spectra

and elemental anéiysis. The 0.R.D. curves of 3-keto steroids with the 5a
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and 58 configuration has been extersively studied and Masamune40 has
recorded the O.R.D. curves of compounds 122 and 123. These latter
substances provide a very good analogy with the compounds under

consideration.

122 123

Compound 120 exhibits a strong +Ve Cotton effect curve with values of

304 my 265 myu

a negative Cotton effect curve with values of k#]

peak o}
(4] 265 m u+ 2340°,

(6] 222K 4 2740° and [¢] TFOUBM | 1180° whilst compound 121 exhibits

trough .
304 my

The hydrogenation products which had tentatively been assigned
the Sa (120) and 58 (121) configurations were converted to the
respective 3-keto compounds (111 and 124) using Jones reagent as the

oxidising agent. The presence of the

N—écetyl group tended to complicate the O.R.D. curves to some extent since
it had a strong absorption at 230 m u but the absorption at 300 mu was

not sufficient to affect the curve in this region. 'Compound 111 which had



56

been assigned the 5o configuration%on the basis of the n.m.r. analysis
of its parent alcohol, showed a strorng positive Cotton effect curve

with a peak at 305 mu. The positioh ¢nd intensity of the trough at

270 mu was pfobably affected by the increcasing absorption due to the N-
acetyl group. Compound 124 on the other hand showed only a very weak
trough at 305 mu and the position of the peak at 275 m p was probably
influenced by the N-acetyl group. In view of these O.R.D. curves, however
one can firmly assign the 5o and 58 configurations to the hydrogenation
products as already noted above.

Since this work has been completed, a publication24 has
appeared in which the hydrogenation of veratramine employing Adams
Catalyst in acetic acid has been more closely examined. Saito55 had
reported only the formation of the 5a,6-dihydroveratramine but the recent
work indicates that a mixture of 5a,6-dihydroveratramine (41%) and 58,6-
dihydroveratramine (44%) is produced. It is interesting to note that
these workers distinguished between th¢ two compounds on thé basis of
the chemical shifts of the C-19 methyl resonances in the n;m.r. spectra.

Having established the identity of the desired N-acetyl-Sa,G—
dihydroverarine (120} the comparison of this compound with the N-acetyl
derivatives (110} of the four compounds obtained from the hydrcgenation
of aromatic compound 1I was now undertaken. Only hydrogenation products
I and 2 had a similar Rf value to N-acetyl-5a,6-dihydroverarine when
compared by t.l.c. on silica gel.

The melting points of the four compounds were as follows,

No A m.pt,
1 . 247 - 248°
2 263 - 264°

3 270 - 274°
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No | m,pt.

4 260 - 261°
whereas tie N-acetyl-5a,6-dihydroverarine prepared from veratramine had
a melting paint of 248-249°, A mixture of comﬁound 1 with the authentic
sample was observed to melt at 248-249° whilst a mixture of compound
No. 2 and the authentié compound had a melting point of 230-240°, The
infrared spectra of all five compounds were determined in chloroform
and only that of compound No 1 and the authentic sample were completely
superimposable, The mass spectra of all five compounds are essentially
the same exhibiting a peak at m/e 437 corresponding to the molecular ion
for N-acetyl-5a,6-dihydroverarine. The mass spectra of N-acetyl-5a,6-
dihydroverarine, compound '"No 1" and compound '"No 2' are reproduced in
fig. 23 and all shdw strong peaks at m/e 140 and 98, GBudzkiewic256
has examined the mass spectra of veratramine, N-acetylveratramine and
verarine, Cleavage of the benzylic C-20, C-22 bond is postulated to give
rise to the strong peaks at m/e 114 and 98 in veratramine and verarine
respectively. This cleavage gives rise to a strong peak at m/e 156 in
N-acetylveratramine whilst a slightly>smaller peak at m/e 114 is

0
attributed to the m/e 156 fragment lessthe acetyl group.

+tz I

125 126

Therefore the peak at m/e 98 in our mass spectra was assigned to structure
125 whilst the-strong peak at m/e 140 was assigned to the N-acetyl

derivative (126).
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The n.m.r spectrum of compound '"No 1'" was virtually identical
with that of the authentic compound (see Fig. 21) although the
resolution was not good. (Fig. 24) The n.m.r. spectrum of compound
"No 2" exhibited a doublet at 1 9.14 due to the C-26 or C-21 methyl group
whilst a sharp singlet assigned to the C-19 methyl group appeared at
T 9.07. |

These factors together constitute a firm basis for concluding
that the N-acetyl derivative of the compound designated "No 1" obtained
from the hydrogenation of aromatic compound "IT" is identical with &-
acetyl-50,6-dihydroverarine,

Aromatic compound I which was obtained in 25% yield from isomer
A was subjected to hydrogenation under the same conditions as applied to
aromatic compound II, Examination of the product by t.l.c. indicated

that four new compounds of similar R_. values had beern formed. For the

f
sake of convenience these were humberéd from 5 to 8 in order of

decreasing Rf values on a thin-layer chromatoplate. These cofipounds

were -separated by careful preparative t.l.c. and then converted via

the diacetates to the respective N-acetyl dérivatives. A t.l.c. comparison
-of the fqur N-acetates with N-acetyl-5a,6-dihydroverarine indicated that
'only compounds No's, 5 and 6 had a similar Rf value, whilst all showed the
same colour reaction when sprayed with SbCls. Surprisingly none of the
N-acetyl derivatives could be induced to crystallise from ether in

contrast to the N-acetyl—Sa,6—dihydrdvefarine and the N-acetétes of
compounds 1 - 4 which all crystallise very readily from tﬁis solvent,

The mass spectra of the compounds 5 - 8 exhibited a peak at m/e 437

corresponding to the molecular ion for N-acetyl-5a,6-dihydroverarine as

well as prominent peaks at m/e 98 and 140,
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Since compound No. 1 obtained in these hydrogenation experiments
has been shown to be identical with'N-acetyl-Sa,6~dihydroverarine, the
remaining steps in the synthesis of verarine were carried out using a
quantity of this compound which had been prepared from veratramine as
already discussed. To complete the synthesis it was necessary to
introduce the 5,6-double bond and remove the N-acetate function ffom

N-acetyl-5a,6-dihydroverarine. The steps involved in aéhieving these
goals are outlined in fig. 12 and are analogous to the reactions carried
out by W. S, Johnson44 in the conversion of 23-0,N-diﬁenzoy1—5a,6—
dihydroveratramine to veratramine,

The formation of A4-3-ketones from steroidal 3-ketones has been
extensively studied by various groups of workers and a thorough
investigation of the application of this reaction in the synthesis of
cortisone has been published by Evans et a157. The steps involved in the
introduction of the 4,5-double bond in 4,5 -dihydro coftisone acetate 127
are cutlined in fig, 25. Treatment of 127 with 2 moles of bromine in
acetic écid led fo the 2,2-dibromo compound (1235 which readily rearranged
to the 2,4-dibromo compound (129) in the presence of hydrobromic acid.

When the 2,4-dibromo compound is refluxed with sodium iodide in
acetone the bromine atom at C-2 tends to undergo halogen exchange rather
than dehydrobromination whilst the C-4 bromine shows no replacement by
iodine but undergoes dehydrobromination, if the refluxing is prolonged,
giving rise to the A4—2-iodo compound (131). Treatment of this compound
with zinc in acetic acid effects dehalogenation to give the desired
cortisone acetate (132),

Consequently N—acetyl—Sa,6—dihydr0verarine was oxidised with

Jones reagent and a t.l.c. examination of the product was indicative of
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an almost quantitative conversion to a new compound. The infrared
spectrum of this compound exhibited a peak at 5.89 u corresponding to
a saturated ketone. The 0.R.D. curQe exhibited as expected a strong +
Cotton effect whilst the n.m.r. spectrum fig. 26 showed a three-protoﬁ
singlet at 1 8.88 readily assigned to the C-19 methyl group. This value-
represented a shift of 0.18 1 when compared with the parent compound and
was in fair agreement with the value of 0.21 expected from the excellent
n.m.r. study of Masamune40 mentioned previously,

The 3-keto-N—acetyl-5a,G-dihydroverarine (111) obtained from
the Jones oxidation was then subjected to the conditions as outlined by
Evans for the introduction of the 4,5-double bond. The reaction mixture
after the treatmént with zinc dust in acetic acid was seen to contain
one major compound and several minor compounds when examined by t.l.c.
The infrared spectrum, of the major compound, which was obtained in a
pure state by preparétive t.l.c;, exhibited a band at 6.02 u whilst the
carbonyl band present at 5.89 u in the 3-keto éompound (111) had
disappeared. This bana at 6.02 indicated that the a,B-unsaturated
carbonyl system was probably present in the molecule. This compound,
which was obtained in 50% yield from tﬁeA3-keto—N-acety1-5a,6-dihydro-
~ verarine, exhibited a three-proton singlet at 1 8.72, assigned to the
C-19 methyl group, in its n.m.r. spectruin (fig. 27). This methyl
resonance showed a downfield shift of 0.34 when compared with N-acetyl-
50,6-dihydreverarine and this value corfesponded closely to the -0,38
contribution duzto a A4-3-keto in fhe iminojervane series. In addition
the n.m.r, sbectrﬁm showed a one-proton singlet at 4.22 which was in the
region expected in N-acetyl-AA-B-keto—S,é-dihydroverariné (112).

Dauben58 has studied the conversion of A4-cholestenone (133)

|
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to cholesterol (135) via the enol acetate (13i) as outlined in fiz, 25(a)
This procedure was applied to N-acetyle4-3-keto-5,6-dihydroverérine (112)
with the aim of obtaining N-acetylve}arine.
Compound (112) was refluxed with isopropenyl acetate containing
1% sulphuric acid for one hour after which time t.l.c. indicated conversion
to a new compound. The infrared spectrum of the product showed that
the carbonyl at 6.02: in the the starting material was no longer present
but a new band appeared at 5.754 which was very characteristic of an enol
acetate,. This product was not purified but subjected to the sodium
‘borohydride.reduction in methanol under conditions outlined by Dauben.
Examination of the producﬁ from the sodium borohydride reaction
by t.l.c indicated that the major product was a compound of identical

Rf'value_and having the same colour reaction to SbCl_ as N-acetylverarine,

)
The reaction mixture was separated by preparétive t.l.c. and the identity

of the major componeﬁt with N-acetyiverarine (114) was verified by

comparison of the infrared, n.m.r.(Fig. 28)and‘mass spectra.

The final stép in the conversion of N-acetyl-5a,6-dihydroverarine
to verarine involved the removal of thé N-acetate group. N-acetylveratramine
was used as a model compound in the search for optimum conditions for the
~hydrolysis of such an N-acetate by potassium hydroxide in aqueous
dimethylsulfoxide which had been reported by Masamune43. Some hydrolysis
was encountered during these experiments but the procédﬁre was finally
abandoned in favour of refluxing with 16%'potassium hydroxide in ethylene
glycol for 16 hours. This procedure gave a reasonable yield of veratramine
with N-acetyl veraframine being the other major component in the pfoduct
mixture. | |

When these conditions were applied to N-acetylverarine (114)

a compound of similar Rf value and colour reaction to that of verarine
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was observed upon t.l.c. examination of the product. Preparative t.l.c.
indicated this compound had been form=d in 60% yield and its identity
with verarine was established by its.infrared and mass spectra, The
infrared spectrum was superimposable upon that of an authentic sample of
verarine obtained from Professor fomkosg, whilst the mass spectrum showed
the characteristic m/e 98 énd a moré intense m~1 than m+ péak in accord
with the literature.

Compound No. 1 from the hydrogenation of aromatic compound II
had been shown to be identical with N-acetyl-5a,6-dihydroverarine in this
last step represented the completion of the total synthesis .of the
naturally occurring alkaloid verarine from hecogenin, The
synthetic approach carried out by other workers in this laboratory had
provided racemic 3B8-acetoxy-5a,etiojerv-17-one (99) which was not
resolved due to the quantity available whereas here (+) 3B8-acetoxy-5c-
etiojerv-17-one (87) from hecogenin was utilised in the synthesis of
verarine,

Very recently an account of a synthetic approach to 5,6-dihydro~
verarine has appeared in the literature60 and reports problems similar to
those of our work in the separation of isomers. In this recent publication
four compounds possessing the dihydroverarine skeleton were obtained but
the authors were unable to establish the identity of any of the compounds
with Sa,6-dihydroverarine. The approach involved methods similar to

those employed by Schreiber61 in the synthesis of the Solanum alkaloids.
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EXPERIMENTAL

Melting -points were determined oﬁ a Kofler block and are
uncorrected. Ultraviolet (U.V.) spectra were measured iﬁ 95% ethé;ol
on a'Cary 11 recording spectrophotometer. Infrared (I.R.) spectra were
obtained on a Perkin Elmer model 21 or 457 Spectroﬁhotometer. Nuclear
magnetic resonance (n.m.r.) spectra were determined at 100 megacycles
per second on a Varian Associates HA 100 spectrometer using deuteriochloroform
solutions with tetramethylsilane as internal standard. The chemical shifts
~are recorded in the Tiers t scale. The types of protons, integrated area,
multiplicity and spin coupling constant J tin cpé).are indicated in
parentheses. Double irradiation experiments were performed with a
Hewlett Packard 200 CD oscillator and calibration was checked with an
eleétronic frequency counter, Optical rotatory dispersion (0.R.D.) curves
~were taken in chloroform sélution on a Jasco UV/ORD/CD-5 spectropolarimetef;
Specific rotations ([a]D) were determined in chloroform solution at 20°
oﬁ ani'0.C. Rudolph and Sons No. 219 polarimeter using a one decimeter cell.
Mass spectra were recorded on an Atlas CH-4 or Associated Electrical
‘ Industries MS-9 spectrometer, high resolutipn méasurements being determined
on the latter instrument,

Unless othérwise specified silica gel G containing 1% electronic
phosphor was used in preparing tﬂin-layer chromatoplates and Woelm neutral
alumina, or Shawinigan alumina deactivated by addition of 3% of 10%
aqueous acetic acid solution, was used for column chromatography.

Elemental analyses were performed by Mr, P, Borda of the Mic;oanalytical

Laboratory, University of British Columbia.
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Synthesis 6f 38-Acetoxy-5S5a-etiojerv-12(13)-en-17-one (76)

Throughout the ent%re project this compound oécupied a position
of prime importance since it provided the etiojervane portioﬁ of moét of
the compounds synthesised. It is not a commercially available compound
but was prepared from hecogenin acetate62 employing degradation ﬁrocedures
well documented by W. F, Johns48. Details of the quantities used and
the yields obtained in this work, for the various steps are given below,
Wherever modifications in the experimental procedure of additional data
was obtéined, for characterisation of the intermediates in the degradation,

this is included.

Hecogenin p-toluenesulfonylhydrazone (82)

A solution of hecogenin acetate (400 g) in glacial acetic acid
yielded hecogenin p-toluenesulfonylhydrazone (560 g).when treated with p-
toluenesulfonylhydrazine hydrochloride as outlined by Hirschmann et 3163.

The product was not further purified but subjected to the next reaction,

13-Methy1-C-nor-D-homo-18-nor-5a,22a-spirost-12{13)-en-38-o0l., (83)

A solution of hecogenin p-toluénesulfonylhydrazone (560 g) in‘
potassium hydroxide/ethylene glycol was heated under nitrogen as outlined
by W. F. Johns. The product was obtained crystalline from ethanol/water
as colourless needles. M.pt. 108-111° (1it. m.pt. 108-118°). N.m.r.

signals: 9.28 (singlet, 3H, C-19 CH,), 9.24 (doublet, J = 6, 3H,

25-26

C-26 CHS)’ 8.91 (doublet, = 6, 3, C-21 CHS)’ 8.40 (broad singlet,

J21-20
3H, C-18 CHS)' Mass spectrum: MiW, 414; base peak m/e 300; main peaks,

m/e 414, 263, 271, o i
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13-Methyl-C-nor-D-homo-18-nor-5a,22a-spirostan-38-o0l, Acetate

13-Methy1-C-nor-D-homo-18-nor—5a,22a—spirost-12(13)—én—38~ol
Acetate (280 g) which had been prepared by treatment of the-olefine—38~
01(83) with pyridine-acetic anhydride overnight was hydrogenated in
acetic acid over 5% rhodium.on alumina as outlined by W. F. Johns. Thé
product (84) was readily obtained crystalline from methanbl..:Néedles
m.pt. 168-173° (220 g) (lit. m.pt. 173-177°). N.m.r. signals: 9.20
.(singlet; 3H, C-19 CHS)’ 8.01 (singlet, 3H, gﬂS-E-). Mass spectrum:

M.W. 458; base peak; m/e 342,

17-Acety1-5a,138-etiojerv—16—én-38-ol (85)

- The hydrogenation product (110 g) was subjected to ring opening
by“ocfanoic anhydride, oxidation with chromic acid and elimination.
.émploying potassium hydroxide in t-butanol, according to the procedures
outlined by W. F., Johns. Chromatogfaphy of the product on alumina (2 Kg,
Act. 11164) eluting with 20% chloroform in benzene gave 17-acetyl-5a,138-
etiojerv-lé-en-38~ol (34 g) which was crystallised from acetone/petroleum
ether. M.pt. 162-165° (lit. m.pt. 164-168°). N.m.r. signals: 9.22 (singlet

~3H, C-19 CH.), 9.19 (doublet, J = 7.0, 3H, C-18 CH,), 7.0 (quintet,

18-13

1H, C-13H), 3.1 (two doublets, J =3.J

16-15 = 33791615 = 7+5» 1H, C-16 H),

Conversion to 17-acetyl-5a-138-etiojerv-16-en-38-01 acetate was
accomplished by dissblviﬁg the product in acetic anhydride/pyfidine (1:1)
and allowing the solution to stand at 20° for 12 hours. Recrystailisation
of the product from acetone/petroletm ether gave needles(34.2 g) m.pt.

143-144°,

17-Acetyl-50 13B-etiojerv-16-en-3B-0l-3-Acetate 20-Oxime (86)

A solution of 17-acetyl-5a,l13B-ctiojerv-16-en-38-01 acetate (33 g)



72

in pyridine was treated with hydroxylamine hydrochloride according to
the procedure of W. F, Johns, The product was obtained crystalline from
acetone as needles (33.5 g) m.pt, 198-202° (lit. 205-210). N.m.r.'signals:

9.18 (singlet, 3H, C-19 CH,) 9.07 (doublet J =7, 3H, C-18 CH,), 8.0

18-13

(singlet, 6li, CH -C-), 7.03 (quintet, 1H, C-13H), 3.82 (two

3 3

= 7, 1H, C-16 H). Mass spectrum: M.W. 373; base

~-C- and Eﬂ
doublets J16—15 = J16-15

peak m/e 358; main peaks m/e 373, 296, 255.

3B-Acetoxy-5Sa~etiojervan-17-one (87)

A solution of 17-acetyl-5a,13B8-etiojerv-16-en-38-01 acetaté,
20-oxime (33.0 g) in pyridine (400 ml) was treated with phosphorous
oxychloride following the procedure of W. F. Johns. The. product, obtained
by filtration after pouring the reaction mixture into aqueous hydrochloric
acid at 600, was chromatographed on alumina (700 g, act III). Elution
with 15% chloroform in benzene gave pure 38-acetoxy-S5a-etiojervan-17-one
(24.8‘g) which was crystallised from methanol/water giving colourless
needles. M.pt. 168-169° (1it 175-177°); [y + 122° (1it + 123%); N.m.r.
6

signals: 9.21 (singlet, 3H, C-19 CHS)’ 9,05 (doublet J , 3H, C-18

18-13 -
A C“S)’ 8.06 (singlet, 3H, EES C-). Mass Spectrum: M.W. 332; base peask,

m/e 272; main peaks m/e 332, 257, 200,

38-Acetoxyetiojerv-12(13)-en-17-one (76)

Bromination of 3B8-acetoxy-5Sa-etiojervan-17-one (87) using an
equimolar quantity of bromine followed by dehydrobromination as outlined
by W. F. Johns gave a‘mixture of compounds. Chromatography on alumina
(400 g, act III) eluting with 15% chloroform/benzene gave 3B-acetoxyetio-

jervan-17-one whilst further elution with the same solvent provided
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3B-acetoxyetiojerv-12(13)-en-17-one (76) m.pt. 160-162°. N.m.r. signals:

9.18 (singlet, 3i, C-19 CHS)’ 8.31 (singlet, 3H, C 18 CHS)’ 8.01 (singlet,

3
m/e 288, 272, 270, 255.

. S :
3H, CH -C—)b Mass spectrum: M.W. 330; base peak, m/e 330; main peaks,

18-Nor-C-homo-26-nor-22,27-iminojerva-12a(13),22,24,27-tetraene-38,17-diol (102)

An ether solution of 1.88 M methylllithium (1.0 ml) was added to
anhydrous tetrahydrofuran (4 ml) in a round bottom flask which had been
flame dried and flushed with dry nitrogen. A tetrahydrofuran solution of
2.0 M 2-ethylpyridine (1 ml) was added immediately and the mixture \uasi
refluxed under nitrogen for thirty minutes. During this time the solution
developed a deep.red colour. After the period of reflux the a,B-unsaturated
ketone (101) in the form of a fine powder was added slowly until the
colour faded (120 mg) and the reaction mixture refluxcd for a further
thirty minutes whilst the flask was still under nitrogen. Water was then
added cautiously to destroy any alkyl lithium remaining aﬁd the resulting
mixture diluted with ether (10 ml). ‘The organic phase was separated and
washed with water (4 x 10 ml), prior to drying over anhydrous sodium
sulfate, Evaporaﬁion of the ether gave a light oil (100 mg ) which
appéared as.one major and several minor cémponents when cxamined by thin
layer chromatography. The major component was obtained pure by preparative
thin-layer chromatbgraphy on Woelm neutral alumina (20 % 20 cm., 0.4 mm,

% methanol in chloroform). Spectral data indicated thisvwas the desired
condensation product (102) although the n.m.r. indicates the material is
probably a mixture of two isomers. Infrared (CHCls): 6.3, 6.4 (pyridine),

3.1y (hydroxyl), Ultraviolet A max (log €): 257 (3.55), 262 (3.58), 270
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(3.45) mu N.m.r. signals: 9.26 (singlet, 3H, C-19 CH,), 8.8, 8.75 (two
overlapping doublets due to the presence of two isomers in the product,

t : . .
J =7, 3H, EES - ¢ - H), 6,53 (quartet J = 7, 1H,'-CH-CH3), 5.1 (broad
singlet, 1i, C-13H), 2.0 3.0 (multiplet, 3, pyridine), 1.5 (multiplet,

1H, pyridine).

26-nor-22,27-iminojerva-12(13),22,24,27-tetraene-38,17-diol. (103)

An ether solution of 1,88 M methyl lithium (1.0 ml) was added
to anhydrous tetrahydrofuran in a dry round bottom flask under nitrogen.'
A solution of 2-ethylpyridine (1.0 ml of 2.0 M) in tetrahydrofuran was
added immediately and the mixture refluxed for 30 ﬁinutes during which
tine a deep red colour developed. Addition of 3B-acetoxy-Sa-etiocjerv-12(13)
en-17-one (76) in the form of a'finely ground dry solid was continued
until the colour faded (90 mg added) and the mixture stirred for_avfurther
thirty hinutes, whilst the flask was still under nitrogen. Water was
added to quench the reaction, and the mixture diluted with ether (10 ml)f
The organic phase was separated and °~ . washed with water (4 x 10 ml)
prior to drying éver-anhydrous sodium sulfate. Examination of the ethereal
_ extract by thin-layer chromatography indicated one major component whicﬁ
appeared as a bright yellow spot when the chromatoplate was developed with
1:1 antimony peﬁtachloride/éarbon tetrachloride (1:1) spréy reagent.
Column_ chromatography on alumina (Shawinigan, act III, 25 g) eluting with -
benzene/chloroform (411) enabled purification of this component which
was crystallised from benzene/ether as needles, (42 mg) M.pt. 204-206°,
Infrared (CHCls): 6.30, 6.41 y (pyridine). Ultraviolet Amax (log €):
257 (sh), 262.5 (3.58), 269 (sh) myuT N.m.r. signals: 9.26 (singlet, sH R

C-19 CHS)’ 8.84 (doublet J

2120 = 7-0, 3H, C-21 CHp), 8.26 (singlet, 3H,
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C-18 CHS)’ 2.8 (multiplet, 2H, pyridine), 2,34 (multiplet, 1H, pyridine),
1.5 (multiplet, 1H, pyridine). Mass spectrum: M.W. 395; main peak:: m/e
377, 362, 288. Found: C, 78.85; H, 9.50; N, 3.50. Cald. for CoeHy70 N:
C, 78.94; H, 9.43; N, 3.54.

23-Methoxy—22,27-imiﬁojerva—12(13),22,24,27-tetraene—38,17-diol (104)

An ether solution (1.0 ml) of 1.88 M methyl lithiuﬁ was added to
anhydrous tetrahydrofuran (5.0 ml) in a dry round bottom flask which had
been flushed with nitrogen. A solution of 1.9 M 2-ethyl-3-methoxy-5-
methylpyridine (1 ml) in tetrahydrofuran was added immediately,  and the
mixture refluxed for one hour; during which time a deep fed colour slowly
developed in the solution. The solution was cooled and 3B-acetoxy-5a-
etiojerv412(13)—én-17-one (76) was added as é fine powder until the colour
faded (116 mg) anad the mixture stirred for a further thirty minutes.

Water (5.0 ml) was added cautiously whilst the mixture was still under
nitrogen and the resulting solution diluted with ether (10 ml). The
organic-phase was washed with water (4 x 10 ml) prior to drying over
anhydrous sodium sulfate. Evaporation of the solvent in vacuo gave a light
0il (120 mg) which appeared as primarily one compound when examined by
thin-layer chromatography (yellow spot when the chromatoplate is developed
with antimony pentachloride spray reagent). Column chromatography on
alumina (40 g, act III) eluting with benzene removed the unreacted
pyridine whilst the desired compound was only partially purified.
Preparative thin-layer chromatography on silica gel.(ZO x 20 cm,, 0.4 mm,
% methanol in chloroform plate developed 2 x) gave a pure sample of
2§—methoxy—22,27-iminojerva-12(13),22,24,27~tetraene-38,17—diol (164) as

a light oil which crystallised from ether. M.pt. 209-213°, Infrared
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(CHCl,); 6.3, 9.7 w. Ultraviolet, A max (log e): 284.5 (3.86) mu.

N.m.r. signals: 9.22 (singlet, 3H; c19 CHS) 8.84, 8.81 (two overlapping
doublets q21-26
: _-OCHS), 3.10 (singlet, 1H, pyridine), 2.04 (broad singlet, 1H, pyridine).

= 7.0, 3H, C-21 CH,), 6.24, 6.21 (two singlets, 3H,

Mass spectrum: M.W. 439; base peak m/e 400; main peaks m/e 421, 288,

Found: 439,3076. Calcd. for C28H4103N: 439, 3086,

26-Nor-22,27-iminojerv-12(13),14(15),16,22,24,27-herane-38-01(103a)

Condensation compound 103 (20 mg) was ground with 10% palladised..
charcoal (10 mg) until a hpmogeneous powder was obtained. This powder
was heated at 200° in an inert atmosphere for ten minutes. The reéulting
solid residue was washed several times with chloroform and the combined
washings examined by thin;layer chromatography which indicated a slightly
more polar compound had been formed. Preparative thin-layer chromatography
(20 x 20.cm., 0.3 mm. 2% methanol in chloroform, silica gel G) afforded
this component as a colourless oil (12 mg) which could not be induced to
crystallise. The spectrél data is in accord with this compound po;sessing
'struéture 103(a). Infrared, (CHC13): 6.3, 6.4, 6.65, Ultfaviolet,Xmax
(log €). 263 (3.67) mu. N.m.r. signals: 9.07 (singlet, 3H, C-19 CH,),

8.35 (doublet, J =7, 3, C-21 CH,), 7.85 (singlet, 3H, C-18 CH,).

21-20
Mass spectrum: M.W. 375; base peak m/e 375; main peaks m/e 360, 346, 320,

288,

23-methoxy-22,27-iminojerv-12(13),14(15),15,22,24,27-hexaene-38-01 (104a)

Condensation compound 104 (25 mg) was ground with 10% palladised
charcoal until a homogeneous powder was obtained. This powder was heated
at 200°C for ten minutes. The chloroform extract obtained by washing the

solid residue several times with chloroform appeared to contain one major
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new compound when examined by thin-layer chromatography. This conponent

was separated by preparative thin-layer chromatography (20 x 20 cm., 0.4 mm,

% MeOH/CHClS) as a light 6i1 (10 mg) which could not be‘ind0ced to

- crystallise. The spectral properties are in accord with this product
having structure 104 (a). Infrared (K Br)f 6.29, 11.6 u.- Ultraviolet, A
max, (loge); 283 (4.03) mau ., N.m.r. signals: 9.09 (singlet, 3H, C-19

CHS)’ 7.75 (singlet, 6H, C-26 and C-18 CHS),>6.33 (singlet, 3H, -OCH

5
Mass spectrum: M.W. 419; main peaks, m/e 419, 404, 390, 372 288.

2-ethyl-5-methylpyridine (105)

An anhydrous ether solution (250 ml) of bromobenzene (31.4 g,
0.2 mble) was added slowly to a dry round bottom flask which had been
flushed with nitrogén and which contained lithium wire (2.8 g. 0.4 mole).
When the lithium had largély dissolved an ethereal solution (100 ml) of
2,5-1lutidine (21 g, 0.2 mole) was added and the mixture refluxed for
: thirty minutes, duriﬁg which time a deep red colour developed in the
solution, Methyl iodide (14.2 g, 0.1 mole) in ether (40 ml) was added
slowly to this red solution over a period of fifteen minutes and the
mixture stirred for ten miﬁutes. The excess lithium and phenyl lithium
was removed by the caréful addition of water (100 ml) to the feaction
mixture whilst the flask was still under nitrogen. A further 200 ml of
water was then added, the organic phase separated and washed with water
(2 x 50 m1). The ecthereal solution was reduced in volume to 40 ml. by
use of a rotary evaporator. This 40 ml was tﬁen carefuliy distilled at
a pressure of 10 mm, employing a spinning band colﬁmn. The firs£
fraction, distilling at 50-55° was shown by n.m.r. to be recovered

2.5-1utidine whilst that distilling at 62-63° was shown to be 2-ethyl-
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S-methrlpyridine (105). Infrared (film): 6.3, 6.4, 6.8, 7.02 u,
Ultraviolet, X max (log €): 265 sh (3.54),_269 (3.60), 276 (3.48)'m u .

N.m.r. sigrals; 8.70 (triplet, J = 7.5, 3H, EHS'CHZ)’ 7.72 (singlet, 3H,

EES-C), 7.20 (qgartet = 7.5, 2H, —EEQ - CH3), 2.93 ( doublet, J3_4 = 8,0,
1H, C-3H), 2.59 (two doublets J, , = 8.0, J, = 2.0, 1H, C-4 H), 1.63
(doublet J6-4 = 2.0, 1H, C 6-H)., Picrate derivative from actone, m.pt.

143-144° (1it. 144° °3),

3B.Acetoxy-22,27-iminojerva-12(13),22,24,27-tetraene-17-01 (106)

A 2.05M ethereal solution of methyl lithium (25 ml, 0.0512 moles)
was added to a flame dried round bottom flask containing anhydrous
tetrahydrofuran (40 m1)~ﬁnder nitrogeﬁ. A mixture of anhydrous tetrahydrofuran
(10 m1) and 2-ethyl-S-methylpyridine (6 g, 0.05 moles) was added
immediately and the reaction mixture refluxed for one and a half lours.
During this periced a deep red colour developed in the solution. A faint
ﬁink colour persisted after 38-acetoxy-Su-etiojerv-12-en-17-one (76)

(2.0 g. 0.006 moles) was -added as a fine powder to the cooled solution,
and the mixture stirred for ten minutes. Water (50 ml).was ﬁdded
cautiously to the reaction mixture whilst still under nitrogen, followed
by ether (50 ml) prior to separation of the organic and aqueous phases.,
The organic phase was washed with water (3 x 25 ml) and then dried over.
anhydrous sodium sulfate. Removal of the solvent in vacuo gave‘a light
0il (2.3 g) which appeared to consist of two new components when examined
by thin-layer chromatography. Attémpts to obtain these compounds in a
pure‘state were unsuccessful. However:a small écale investigation
indicated that ‘the compounds cﬁuld be separated more readily as the C-3
acetates rather than as the C-3 alcohols which were formed in the reaction,

Conversion to the C-3 acetates was achicved by dissolving the
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crude prodpct from the reaction in acetic anhydride-pyridine (1:1, 20 ml)
and allowing the solution to stand at room temperature for twelve hcurs,

The solution was then poured onto crushed ice and the resultant flocculant
solid extracted into sther. The combined ethereal extracts were washed
with saturated aqueous sodium hydfogen carbonate solution and then several
timés with water before drying over anhydrous sodium sulfate. The volume
of the ethereal solution was reduced in vacuo to 20 ml and fﬁen allowed to
stand whereupon colourless needles were deposited. M.pt. 187-189° (370 mg).
Examination of the crystals by thin-layer chromatography indicated only

one compound was present and recrystallisation from ether gave an analytical

sample. m.pt. 189-190°, This compound was designated "A" and the physical

and spectral data are in accord with structure 106, Infrared, (CHCIS)

5.83 (OAc) 6.25, 6.37 (pyridine) u. Ultraviolet, Amax (log e): 270

(o]

(3.61) mu . [a]D + 83 (c. 124), N.m.r. signals: 9.21 (singlet, 3H, C-19

CH,), 8.79 (doublet, J = 7.0, 3H, C-21 CH,) 8.40 (singlet, 3H, C-18

21-20
)

CH,), 8.01 (singlet, 3H, o-c-ggs);7.7o (singlet, 3H, C-26 CH,), 6.71

(quartet J20_21= 7.0, 1H, C-20 H) 3.89 (broad multiplet - disappears on
D20 addition, 1H, -OM) 2.82 (doublet J23_24 = 8, 1H, C-23 H),2.52 (two
'doub;ets, J24_23 = 8 J24_27= 2, 1H, C—24@ H), 1.67 (doublet J27_24 = 2,

lH, C-27 H). Mass spectrum: M.W; 451; base peak m/e 418; main peaks m/e
433, 330; 147, 121. Found: C,76.92;H, 8.95; 0, 10.46; N, 3.21. Calcd.for
C29H4103N: C, 77.12; H, 9.15; 0, 10.63; N, 3.10.

Examination by thin-layer chromatography of the mother liquours from the
crystallisation of compound A indicated the presence>of a'further compound
of similar colour reaction when sprayed with antimony pentachloride-

carbon tetrachloride reagent. These mother liquours were combined and

chromatographed on alumina (60 g. act III}. Elution with benzene yielded,
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unreacted 2-ethy1—5-methy1pyridine (105) ‘iﬁitially, whilstvfurther elution
provided an additional compound (350 mg) whi;h was obtained crystalline

from a small volume of ether as prisms, m.pt. 190-192°, Recrystallisation
_ from acétone-petroleum ether gave an analytical sample (250 mg) m.pt. 190-
}920. This cdmpound was designated ﬁompound "B" and was slightly less

‘polar than compound "A' on a silica gel chromatoplate developed wifh 2%
‘methanoliin chlqroform. Infrared, (CHCls): 5.83 (0Ac), 6.25, 6.37 (pyridine)u.
Ultraviolet, l/maX»(log €): 265 sh (3.57), 270 (3.61), 276 sh (3.51) mu.

[a]D f-léGo (c, 1.26). N.m.r; signals: 9,23 (singlet, 3H, C-19 CHS)’ 8.88

doublet, J = 7.0 3H, C-21 CH,), 8.28 (singlet, 3H, C-18 CH,), 8.02

20-21
(singlet, 3H3 EES-C—), 7.72 (singlet, 3H, C-26 CHS)’ 6.71 (quartet

J20_213='7.0, 1H, C-20 H) 4,20 (broad signal, disappears on DZO addition,
1H; -OH), 2.92 ,(doublet, J23_24 = 8:0, 1H, C-23 H), 2.70 (two doublets

- - 3 _ ‘ = 2 _ :
J24_23 = 8.0, J24_27 = 2,0, 1H, C-24 H), 1.75 (doublet J27_24, 1H, C-27 W),

Mass spectrum: M.W.‘451;'base peak m/e 418, main peaks; m/e 433, 330 147,

294173
H, 9.15; N, 3.10. Elution with 20% ether in benzene gave additional

121. Found: C, 77.19; H, 9.21; N, 3.19. Cald. for C,.H O N: C, 77.12;

- compound A (150 mg) whilst two fractions appeared to contain two further
compounds of similar reaction to the spray reagent when exarined by thin-
layer chromatography. Separation by preparative thin-layer ch?omatography
(ZO'x 20 cm., 0.3 mm, 1% methanol iﬁ chloroform, -chrométoplate developed
twice) yielded 35 mg and 8 mg of these compounds which were designated "C"
and "D'" respectively. Compound "C" could not be induced to cfystallisé

and an analytical samble was prepared by sublimation at 190° / 0.1 mm which
gave a clear giass. The spectral data was consistent with this compound
being isomeric with "A" and "B'". . Infrared (XBr): 5.8 (-OAC)} 6;25, 6.39

(pyridine) u. Ultraviolet, A max (log €): 270 (3.60) mu. N.m.r., signals:
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9.26 (singlet, 3H, C-19 CHS)’ 8.77 (dpublet, J21_20

8.43 (broad singlet, 3H, C-18 CHS)’ .01 (singlet, 34, cgz-c-), 7.73 (singlet,

= 7.0, 3H, C-21 CH,),

3H, C-26 CH,), 6.90 (quartet J = 7.0, 1H, C-20H), 2.97 (doublet,

20-21

J = 8.0, 1H, C-23H), 2.65 (two doublets, J 8.0, 2.0,

23-24
1H,C-24H), 1.72 (doublet J

24-23 ° Jo4.27 ©

27-24 = 2.0, 1H, C-27H).v-M§ss spectrum:

M.W, 451;base peék m/e,120; main peaks m/e 423, 418, 330. Found:

ON: C, 77.12, H, 9.15.

C, 77.05; H, 9.33, Caled. for C,H, O,

Compound D could not be induced to crystallise but the n.m,r. and mass
spectrum indicates this compound is probably isomeric with the three
characterised above. Infrared (CHCls): 5.83 (0Ac), 6;25, 6,37 (pyfidine) U
Ultrayiolet A max (log €): 270 (3.62) mu. N.,m.r, signals 9,21 (siﬁglet,

3H, C-19 CH,), 8.63 (doublet J = 7.0, 3, C-21 CH,), 8.27 (singlet,

| 21-20
3H, C-18 CH;), 8.01 (sinmglet, 3H, CH  C-), 7.74 (singlet, 3H, C-26 CH,),

6f89 (quartet J, ., = 7.0, 1H, C-20 H), 3.08 (doublet J,. ., = 8.0, 1H,
C-zsu), 2.62 (two doublets J,, .. = 8.0,.J24_27 = 2.0, 1H, C-24H), 1.70
(doublgt_J27_24 = 2.0, 1H, C-27H). Mass spectrum: M.W. 451; base peak,m/e

121, main peaks, m/e 433, 418,

38-Acetoxy;22,27—iminojerv—12(13),i4(15),16,22,24,27—héxaﬂné; (107)
"Aromatic i”

» Compound "A" (118kmg) was thorpughly ground with 10%'pa11adiséd
charcoal (SO'ﬁg) until a’homogenéous powdef was 6btained.b This powder
was heated at 200° for seven minutes aﬁd the resultant So}id residue
washed several timesbwith chloroform, _Thin-layer chromatography of the
chloroform extfact indicated the product confained three major components
and these were separated by preparative thin-layer>chromatography

(20 x 20 em., 0.4 mm, 2% methanol in chloroform). One of these three -
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comporents was shown to be 2-ethyl-S-methylpyridine (105) by n.m.r. The
band which exhibited é strong fluorescence when the chromatoplate was
viewed under ultraviolet light was éxtracted and yielded a light oil
which crystallised from écetone-petroleum ether as needles m.pt. 167°.

This compound was identified as 3B-acetoxy~Sa-etiojerv-12(13)-en-17-one
(76) by its ultraviolet spectrum and by mixed melting point with an
authentic sample. The third compound which appeared as a light orange
spot wﬁen the chromatoplate was sprayed with antimony pentachloride-carbon
tetrachloride reagent was extracted to yield a light oil which could not
be induced to crystallise¢ An analytical éample of this compound which
was desighated “Arématic I'" was obtained as.a clear glass after
‘sublimation at 185? / 0.1 mm, Spectral data indicated this compound
possessed structure 107, Infrared (KBr): 5.82, 6.26, 6.39 u, Ultraviolet,
A max (log €): 265 (sh), 269 (3.73) 277 (3.62) mi. [a]D + 13° (¢, 0.84),

N.m,r. signals: 9,10 (singlet, 3H, C-19 C“S)’ 8.41 (doublet J = 7,0, .

21-20
3H, C-21 CH), 8.03 (singlet, 3H, CH, C-), 7.90 (singlet, 3H, C-18 CH,),
2021 = 7-0, 1H, C-20H),

3.22 - 3.0 (two doublets overlapping J= 8, 2H, C-15 or C-16 H and C-23

7.80 (singlet, 3H, C-26 CHS)’ 5.61 (quartet J

or C-24 H), 2.94 (doublet J = 8, 1H, C-15 or C-16 H), 2.72 (two

15-16
doublets J 2, 1H, C-24 H), 1.7 (doublet, J

8, J = 2,

24-23 © 24-27
1H, C-27 H), Mass spectrum: M.W, 431; base peak, m/e 431; main peaks m/e

27-24

416, 402, Found: 431.2809. Calcd. for C20H3702N: 431,2824,

3B-Acetoxy-22,27-iminojerv-12(13),14,(15,16,22,24,27-hexaene. {107)
"Aromatic IT"
Compound B (80 mg) was ground with 10% palladised charcoal

(20 mg) until a homogeneoﬁs powder was formed. This powder was heated
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at 200° for seven minutes and the solid residue washed several times with
chlorofo:m. Thin-layer chromatographic ex;mination of the chloroform
éxtract.indicated the major component was a new compound which appeared
as a light orange spot when the chromatoplate was sprayed with antimony
pentéchloride/carbon tetrachloride reagent, This compound was separated
from the reaction mixture by preparative thin-layer chromatography

(20 x 20 cm., 0.4 mm, 1% methanol in chloroform - developed twice)>as

a light o0il (60 mg) which could not be induced to crystallise. An
analytical sample of the compound, which was designated "Aromatic II",
was obtained as a clear glass after sublimation at 1850 / 0.01 mm,
infraréd (KBr): 5.82, 6,26, 6.39 u. .Ultraviolet, X max (log e): 265 sh,
269 (3.73), 277 (3.62), mu. N.m.r. signals:.9;10 (singlet, 3H, C-19

CH,), 8.40 (doublet J 7, 3H, C-21 CH,), 8.02 (singlet, 3H,

21-20 =
CH,-C-), 7.8 (singlet, 3H, C-18 CH.), 7.80 (singlet, 3H, C-26 Cii)), 5.58

(quartet J20-21 = 7, 1H, -C-20 H), 3.14 (doublet.st_z4 = 8,»1H, C-23 H),

= - - 2 )
3.09 (doublet, J15-16 , 1H, C-15 H or C-16 H), 2.91 (doublet, J15-16
= 8, 1H, C-15 H or C-16 H), 2,75 (two doublets, J24_23 = 8, J24_27 = 2, 1H,

C-24 H), 1.73 (doublet J = 2, 1H, C-27 H). Mass spectrum: M,W. base

27-24
peak, 431, main peaks m/e 416, 402, Found: 431,2809, Calcd. for

C O N: 431.2824,

29“37 2

N-acetyl-22,27-iminojerva-12(13),14(15),16-triene-3f-o0l. (110) Isomers 1-4

Aromatic compound II (50 mg) was dissolved in glacial acetic
acid (10 ml) and the solution hydrogenated at 20° and 45 p.s.i. over

Adams catalyst (PtO 20 mg) for three hours. The mixture was filtered

2)
to remove the catalyst which was carefully washed with additional acetic

acid (5 ml), The combined filtrates were reduced in volume to 2 ml-
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in vacuo, then diluted with water {20 ml) and made basic with ammonia
solution. The resultant suspension was extracted with methylene chloride
(3 x lb ml) prior to drying over anhydrous sodium sulfaté. Thin-layer
-chromatography revealed the presence of four compounds of similar Rf
value and colour reaction with various spray reagents. These compounds
Qere designated 1-4 in order of decreasing Rf value, (silica gel G, 5%
methanol in chloroform) and were separated by careful preparative thin-
léyer chromatography (20 x 20 cm., 0.3 mm, 1% methanol in éhloroformgplates
developed three times). The bands corresponding to the four compounds were
delineated by inspection of the developed plates under ultraviolet light.
(chromatovue, C-3). Extraction of the various bands and rémoval of the
solvent (methanol / chloroform - 1:1) gave each bf the compounds as a

clear cil. None of the compounds could be induced to crystallise.

All four compounds were separately converted via the 3-0, N-
diacetates (109) to the N-acetyl derivatives (since a sample of N-aéetylP
5a,6-dihydroverarine was.available for comparison) as outlined for one of
the isomers below. |

Compound No. 2 was dissolved in ﬁyridine-acetic anhydride
(2 ml, 1:1) and allowed to stand for twelve hours at 20°. The soluition
" was then poured into ice water (5 ml) and the resulting suspension
extracted with methylene chloride (3 x 3 mi). The combined extracts were
washed with saturated aqueous sodium hydrogen cérbonate (10 mlj and
then with water (2 x 5 mi), prior to drying over anhydfous sodium sulfate.
Removal of the methylene chloridevin vacuo gave a light 0il which
crystallised from ether (the diacetates Qf compounds 1, 3 and 4 were not

obtained crystalline) as needles m.pt. 203-205°,  Infrared (CHClS) 5.80

(OAc), 6.19 (NAc) u. Ultraviolet: X .-max (log e): 268 (2.7) 277 (2.7) mu.



The diacetate (20 mg) war refluxed with 0.1 M potassium
hydroxide in methanol (5 ml) for one hour, the solution cooled and
diluted with water (20 ml). The aqueois suspension was extracted with
. methylene cﬁloride (3 x 5 ml) and the combined extracts washed with
water (2 x 5 ml) prior to drying over anhydrous sodium sﬁlfate.
Evaporation of the éolvent in vacuo gave a 1ight oil which was readily
crystallised from anhydrous efher. (A1l four N-acetyl derivatives were
obtained crystalline via this procedure).

The N-acetyl derivatives of. compounds 1 and 2 had an Rf value
comparable with that of N-acetyl-5a,6-dihydroverarine whilst those of
the N-acetyl derivatives of compounds 3 and 4 were slightly smaller. All
compounds showed similar colour reactions when the chromgtoplate was
sprayed with various reagents., The N-acetyl derivatives were characterised
as follows.
Compound No. 1 N-acetéte; prisms m.pt. 249-2500, (6 mg): Infrared (CHC13):
6.20, 9'701¥° Ultraviolet, A max (log e): 268 (2.68), 277 (2f66)1m.>
[al * 36° (c, 0.605). N.m.r. signals: 9.07 (singlet, C-19 CH.), 8.19

n

(singlet, 3H, EEG C-N), 7.74 (singlet, 3H, C-18 CHS)’3'15 (doublet J 8

1H, C-15H or C-16 H), 2.96 (doublet J

s

15-16

15.16 = 8» 11, C-15H or C-16 1),

Mass spectrum: M.W. 437; base peak m/e 140; main peaks m/e 297, 98.

29H4302N: 437.329.

Compound No. 2 N-acetate; prisms m.pt. 263-264° (17 mg).Infrafed (CHCIS):

Found: 437.325. Calcd. for C

6.19, 9.70 u. Ultraviolet A max (log €): 268 (2.65), 277 (2.61) m:,
[a]D + 260, (c, 1.71). ,Méss spectrum: M.W. 437; base peak m/e 140;
main peaks m/e, 298, 297, 98, | '

Compound No. 3 N-acetate; rosettes m.pt.,270~274°. (5 mg)-\Infrared

(Cncr,): 6.20, 9.70 w. Ultraviolet X max: 268,277 mi. Mass spectrum:

ol
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M.W. 437; base peak, m/e 140; main peaks m/e 297,98,
Compound No. 4 N-acetate; long needles m.pt. 260-261° g (10 mg).
Infrared (SHCIS): 6.20, 9.7O,A9.80 u. Ultraviolet, X max: 268, 277 myu.

Mass spectrum: M.W., 437; base peak, m/e 140; main peaks, m/e 298, 297, 98,

Néacetyl—22,27-iminojerva—12(13),14(15),16—triene-38-ol. (110) Isomers 5-8

Aromatic compound I (50 mg) was dissolved in glacial acetic acid
(10 ml) and the solution.shaken.with Adams cata1y5§ (PtOz, 20 mg) in an
atmosphere of hydrogen at 45 p.s.i. and 20° for a period of three hours.
The mixture was filtered to remove the catalyst which was washed with
a further 10 ml of glacial acetic acid and tﬂe filtrates combined. The
volume 6f the acetic acid was reduced to 2 ml by use of a rotary
evaporator prior to diiution with water (20 ml). The aqueous acid solution
was made ba$ic with dilute ammonia and fhe resulting su;pension extracted
several times with methylene chloride (3 x 10 ml) prior to drying over
anhydrdus_sodium sulfate, Thin-layer chromatograbhié investigation of
the light oil (45 mg) obtained by removal of the methylene chloride
indicated the presence of four compounds, ofbsimilar Re value and colour

reaction to the spray reagent. These compounds were numbered 5-8 in

order of decreasing R_ values and were separated by careful preparative

f
thin-layer'chromatography (silica gel G. 20 x 20 cm;, 0.3 mm, 1% methanol
in chloroform, plates developed three timeé). The compounds were obtained.
as colourless oils which could not be crystallised. Conversion of these |
compounds via the 3-0,N-diacetates to the N-acetyl derivatives was
accomplished as outlined above for the 3B-acetoxy-22,27-iminojerva-12(13),

14(15),16-triene isomers No. 1-4 obtained from Aromatic compound II.

None of the N-acetyl derivatives of compounds 5-8 could be induced to
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crystallise although compounds 5 and 6 had éomparableva values with. N-
acetyl-5,6-dihydroverarine, These cempounds were not fully characterised
but fheir Spectral-properties were in accord with stfucturc 110,
Compound No. 5 N—acetate: Infrared (KBr): 6.19, 9,28 p. Ultraviolet
- A max: 267, 276 mu, Mass ﬁpectrUm: M.W. 437; base peak, m/e 140; main
peaks 298, 297, 98. | |

Spectral properties for the N-acetyl derivative of compounds

6-8 are virtually the samc as for No., 5-acetate and no additional data

was obtained for any of these compounds.

Hydrogenation of 3-0,N-diacetylverarine (117)

 The 3-0,N-diacetylverarine utilised in this reaction was
prepared from veratramine20 and had the following physical constants.
M.pt. 189-190° (lit. m.pt. 189-190°), [a], -23° 2 2°  [ethanol).
A solutioniof 3 0, N-diacetylverarine (190 mg) in glacial acetic

~acid (5 ml) was stirred with Adams catalyst (Pt0,, 60 mg) in an atmosphere

29
of hydrogen at 20°. After 14 hours 9.1 ml of hydrogen had been consumed
and the mixture was filtered to remove the céialyst which was washed with
a fufther”lo ml of acetic acid; The combined filtrates were reduced in
volume (to 2.m1)‘in vacuo and diluted with water (30 ml) to give a white
precipitate which was taken up in ether. The ethéreal phase was washed
with water (3 x 10 ml) prior.to drying over anhydrous sodium sulfate.
Thin-layer chromatographic examination on both silica gel and alumina
using a variety of solvents indicated that a single new compound had been
- formed. |

Removal of the ether in vacuo gave an 0il which could not be

induced to crystallise. A small scale investigation revealed that after

selective hydrolysis of the 3-0-acetate the product appeared as two
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components of similar Rf value-on a silica gel chromatoplate. Consequently
3-0,ﬁ-diacetyl-5,6-dihydroverarine {170 mg) was refluxed with 0.1 N
methanolic potassium hydroxide (5 ml) for one hour, the solution cooled,
and then diluted with water (20 ml). The resuiting aqueous suspension

was extracted with methylene chloride (3 x 10 mi) and the combined extracts
washed with water (3 x 10 ml) prior to drying over‘anhydroﬁs sodium sulfate.
Removal of the solvent in vacuo_géve a light o0il which on trituration with
ether gave crystals. M.pt. 190-225°, Thin-layer chromatography showed

the crystalline product to consist of two compounds which were ;eparated
by preparative thin-layer‘chromatography on silica gel. (20 x 20 cm.,

0.4 mm, 2% methanol.in chloroform). The least polar compound (75 mg)

was tentatively assigned the 58 configuration on the basis of its n.m.r,
spectrum. Recrystallisétidn from‘ether éave an analytical sample of
N-acetyl-58,6—dihydroverarine (121) m.pt. 198-199°. Infrared (CHClS): 6.21
(—Ng-CH)nu. Ultraviolet{ A max (log e): 267 (2.74), 276 (2.74) mu.
N.m.r. signals: 9.02 (doublet J. = 7, 3H, C-26 CH,), 8.94 (singlet;

26-25
= 8, 3H, C-21 Ci,), 8.14 (singlet, 3H,

3H,C-19 Cli,), 8.82 (doublet J, . .o

EES C-N), 7.71 (singlet, 3H, C-18 CHS)’ 6.45 (doublet of quartets

J20_21 = 8, J20_22 f 10, lH,'C—ZO H), 5.97 (narrow multiplet, 1H, H-C-O-
Ac), 3.12 (doublet J]5-16 = 8, 1H, C-15 H or C-16 H), 2.96 (doublet
J15-16 = §, 14, C-15 or C-16 H)}, Mass spectrum: M.W, 437; base peaks, m/e

140; main peaks, m/e 297, 98, Found: C, 79.51; H, 10.02; N, 3.25, Calcd.
C29H4302N: C, 79.58; H, 9.90; N, 3.20.

The more polar compound was crystallised from ether as prisms
m.pt., 249—2500. This compound was tentatively assigned the ''5ao

configuration on the basis of its n.m.r. spectrum, and an analytical

sample of N-acetyl-5u,6-dihydroverarine (120) was prepared by sublimation
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at 220° / 0.01 mm. as prisms m.pt,. 249-250°,  Infrared (KBr): 6.22

fl _
(N—CCHS), 12,23 y. Ultraviolet, X max (log.e): 267 (2.69), 276 (2.68)

myu. [al, + 41° (c, 0.961). N.m.r. signals: 9.06, 9.02 (a singlet and
a doublet, 6H, C-19 and C-26 CH3 groups), 8.19 (singlet, 3H, EES C-N) =

7.72 (singlet, 3H, C-18 CH,), 3.13 (doublet, J = 8, 1H C-15 or C-16,

15-16
8, 1H, C-15 or C-16 H). Mass spectrum: M.W., 737;

15-16 -
 base peak m/e 140; main peaks m/e 437, 394, 297. Found: C. 79.32; H, 9.99.

H), 2.99 (doublet J

Calcdg for C29H4302N: C, 79.58; H, 9.90,

N-acetyl-3-keto~5a,6-dibydroverarine (T11)

A solution of N-acetyl-5a,6-dihydroverarine (120 5212 mg) in
acetone (75ml) was treated with Jones reagent6%0.3 ml) and allowed to
stand at 20° for twé minutes. Isopropanol (2 ml) was added to remove
the excess oxidantband the mixture diluted with water (600 ml). The
aqueous acetone solution was extracted with methylene chloride (3 x 30 ml)
and the combined extracts washed with water (3 x 30 ml) prior to drying
dvef anhydrbus sodium sulfate. Evaporation of the methylene chloride gave
a colourless o0il (191 mg) which could not be crystallised Eut appeared
homégeneous when examined by thin-layer chromatography. An aﬁalytical
sample was obtained as a clear glass after sublimation at 185° / 0.01 mm.
Infrared (KBr): 5.89 (saturated carbohyl), 6.14 (N-g-CHS) U. Ultraviolet,
A max (log €): 267 (2.73), 276 (2.71) mu, [a]D + 66° (c, 1.;5). O.ﬁ.D.
(6] P 4 1090°, 6] ETOUEM 1350 [e] P3F 4 3910°. Num.r.

305 mpu 270 mu 230 me

signals: 9.03 (doublet J26-25 = 7.0, 3H, C-26 CHz), 8.88 (singlet, 3H, C-19

CH,), 6.45 (doublet of quartets J =7.5,J = 9.0, 1H, C-20 H).

20-21 20-22

15-16 C-15 H or C-16 H), 2.95 (double?'J15716=

1H, C-15 H or C-16 H). Mass spectrum: M.W, 435; base peak mfe 140;

3.13 (doublet J = 8, 1H, g,
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O_N:

main peaks m/e 98, 295, 392, Founc: 435,312, Caled. for C29H41 2

435.313.

N-Acetyl-AA—S—keto-S,6—dihydroverarine (112)

A solution of N-acetyl-3-keto-5af-dihydroverarine (162 mg,
0.372 m. mole) in acetic acid (6 mi) containing hydrogen bromide (60 mg,
0.744Ah. moles) was placed in a dry round bottom flask. Bromine (130 mg,
0.8 m. moles) in acetic acid (5 ml) was added Slowly and the mixture
stirred at 20° for twenty minutes and then diiuted with water‘(ZS ml).
'The resulting heavy white precipitate was taken up in methylene chloride
‘and the extract washed with water (3 x 10 ml) prior to drying over
anhydrous sodium sulfate. Removal of the solvent in Qacuo gave a
colourless gum (225 mg) which was shown by thin-layer chromatography to
consist of one major compound. This crude product was immediétely
- subjected to the conditions of Evans57 for introduction of the 4,5-double
bond as outlined below. Bromine (0.26 ml) was added to acetone (7.5 ml) -
at 0° and the solution stirred until the colour disappeared. Sodium
carbonate (0.7 g) was then added and the mixture, stirred for a furfher
thirty minutes; and then the mixturé Qas filfefed directly into hot
acetone containing sodium iodide (7.0 g). This solution was refluxed
for fifteen minutes during which time a precipitate of sodium bromide
was formed.

A portion (6 ml) of the supernatant of this hot solution was
added to a round bdttom flask containing 2,4;dibromo‘ketone (220 mg)
and the solution refluxed for two and a half hours. During ;his time
more sodium bromide precipitated, indicative of the exchange of the

2-bromine for an iodine atome, Oxalic acid (220 mg) was added as a fine
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powder and the solution refluxed for a further hour before cooling. The
reaction mixture was diluted with ethyl acetate (20 ml) énd filterea.
This filtrate was washed with water (2 x 10 ml), saturated.aqueous sodium
hydrogen carbonéte (2 x 1o‘m1) and water (2 x 10 ml), The ethyl acetate
was decolourised by adding zinc dust (606 mg) and acetic acid (0.2 ml)
and then shaking. When the solution had attained a light yellow coléur
the zinc dust was removed by filtration and the ethyl acetate filtrate
washed with water (2.x 10 ml1), sodium hydrogen carbonate solution (2 x 10 ml)
and water (2 x 10 mi) prior to drying oﬁer anhydrous sodium sulfate.

Removal of the ethyl acetate in vacuo gave a light yellow gum
(158 mg) which was examined By thin-layer chromatography. The spot on
‘the chromatoplate corresponding to the méjor producf exhibited an intense
fluorescence under ultraviolet light, and.appeared purple when the plate
was sprayed with antimony pentachloride-carbon tétrachloride reagent.
Prepargtiveithin-layer chromatography on silica gel (20 x 60 cm, 0.4 mm
developed twice with 1% methanol in chloroform) géve this compound as a
light gum (110 mg, 50% yiéld) which was not crystallised. An anaiytical
sample was prepafed by sublimation at 180° / 0.01 mm which gave a light
yellbw glass. Ihfrared (KBr): 6.03 (o,B-unsaturated éarbonyl), 6.14 (N-
Ac) u. [a]D + 74° (¢, 1.26). N.m.r. signals: 9.02 (doublet J = 7

’

26-25
3H, C-26 CH.), 8.72 (singlet, 3H, C-19 CH,), 8.18 (singlet, 3H, CH, C-N),

6.45 (doublet of quartets J = 7.5, J =210, 1H, C-20 H), 4.22

20-21
(singlet, 1H, C-4 H), 3.10 (doublet J

20-22

1516 8, 1H, C-15 pr C-16~H), 2.94

(doublet J = 8, 1H, C-15 or C-16 H). Mass spectrum: M.W. 433 ;

15-16
base peak, m/e 140; main peaks, m/e 433, 350, 293, 98. Tound: 433.2974,

Calcd., for C O,N: 433.2980.

201399
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N-acetylverarine {(114)

A solution of N4acety1—A4-3~keto75,6—dihydroverarine (100 mg)
in isopropenyl acetate (3 ml) contaiﬁing 0.5% sulfuric acid was
refluxed for one hour. Anhydrous sodium acetate (60 mg) was'theﬁ added
and most of the isopropenyl acetafe removed by use of a‘rotéry evaporator,
The residu¢ Qas diluted with méthylene chloride (10 m1) and then
filtered. Thin-Jlayer chromatography of the filtrate indicated the complete
absence of_(liZ) and the‘formation of a less polar compound., Evaporation
of the methylene chloride gavé an oil (100 mg) the infrared spectrum of
which exhibited a carbonyl band at 5.75u indicative of an énol acetate
(113). | |

This oil was dissolved in a mixture of méthanol.(lo ml) and
ether (3 ml) and heated to refiux. During the refluxing a methaholic
solution of sodium borohydride (150 mg in 5 ml) was added slowly over
a period of fifteen minutes. The solution was refluxed for a furtﬁer
one hour and then concentrated hydrochloric acid (1 mi) was added and the
reflﬁxing continued with stirring for thifty.minufes. During thié final
'period vigorous stirring was necessary to overcome severe bumping.

vThe reaction mixture was cooled and then diluted wifh'ether'
(50 ml) « The ethereal solution was washed with water and then dried over
anhydrous sodium sulfate. Removal of the solvent gave é light oil‘(70.mg)‘
which was shown to contain a compound of identiFal Re value to that of
N-acetyl verarine, Separation by preparative thin-layer chromatography
(20 x 20 cm., 0.3 mm, 2% methanol in chlofoform) and extraction of the
band corrésponding to this product yielded aﬁ 0il (30 mg). This compound
was shown to be identical with N-acetylverarine by thin-layer chromatography,

superimposable infrared and n.m.r. spectra. Infrared (CHCls); 6.19
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Q .
(NC-CHS) u. Ultraviolet, A max {log ¢): 268 (2.76), 277 (2.65) mu.

N.m.r, signals: 9.03 (doublet J26—25

3H, C-19 cnsj, 8.18 (singlet, 3H, CH

= 7, 3H, C-26 CH,), 8.87 (singlat,
5 C-N-), 4.56 (multiplet, 1H,

C-6 H), 3.12 (doublet J = 8, 1H, C-15 H or C-16 H), 2.94 (doublet

15-16

Jic 16 = 8 IH, C-15 H or C-16 H). Mass spectrum: M.W. 435; base peak

m/e 140; main peaks m/e 98, 295.

Verarin¢ (3)

A solution of N-acetylverarine (20 mg) in ethylene glycol (5 ml)
containing 10% potassium hydroxide was refluxed for twelve hours. The
reaction miXxture was cooled, diluted with water (20 ml) and extracted with
methylene cﬁloride”(S'x 5 ml). Examination of the extract by thin-layer
chromatography indicatedbthe ﬁresence of N-acetylverarine and a more

poiar compound which had the same R_. value and colour reaction to the

f

spray reagent, as an authentic sample of verarine. The more polar compound

was separated by prepérative thin-layer chromatography (20 x 20 cm., 0.3 mm,
% methénol in chloroform) as a light oil (8 mg) which crystallised from

ether. This compound was shown to be identical with verarine by thin-

: layer'chromatography, infrared and n.m.r; comparison, Infrared (CHCIS):

9.57 w. Ultraviolet, X max (1og €): 267 (2.74) 276 (2.73) mu. N.m.r.

signals: 9.15 (doublet J = 6, 3, C-26 Ch,) 8.88 (singlet, C-19 CH,),

26-25
7.73 (singlet 3H, C-18 CH,), 4.55 (broad doublet, 1H, C-6 H), 3.02

(singlet, 2H, C-15 H and C-16 H). Mass spectrum: M.W 393; base peak

m/e 98, main peaks, m/e 392, 376;295, 284, 256. High resolution on m/e (m+-1)

392. Found: 392.2922. Calcd. for C 0 N: 392.2653.

27H39
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