S

THE TOTAL SYNTHESIS OF VERATRUM ALKALOIDS
BY

G. VIJAYAKUMARAN NAIR

B.Sc., University of Kerala, Trivandrum, India, 1960
M.Sc., The Banaras Hindu University, Banaras, 1962
Ph.D., The Banaras Hindu University, Banaras, 1967

A THESIS SUBMITTED IN PARTIAL FULFILMENT
OF THE REQUIREMENTS FOR THE DEGREE OF

DOCTOR OF PHILOSOPHY

In the Department of Chemistry

We accept this thesis as conforming to the

"required standard

THE UNIVERSITY OF BRITISH COLUMBIA

August 1969



In presenting this fhesig in partial fulfilment of the requirements for
an advanced degree at the University of British Columbié, | agree that
the Library‘shall make it freely available for reference and Study.

| further agree that pefﬁission for extensive copying of this thesfs
for scholarly purposes may be granted by the Head of my Department or
by his representatives., |t is understood tHat copyihg or publication
of this thesis for financial gain shali not be allowed without my

written permission,

. % : ‘ AY ’ ’
Department of CT}%X’YW1§E¢341ﬂ
g

The University of British Columbia
Vancouver 8, Canada

Date }Z)“AUQ, 2-67/ /C)éq‘



- ii -
ABSTRACT

A general method for the total synthesis of Veratrum alkaloids is
outlined and its application to the synthesis of 5a,6-dihydroveratramine
described.

The condensation of 3B-acetoxy-5a-etiojerv-12(13)-en-17-one (80), a
known compound available from the degradation of hecogenin or from total
synthesis, with the lithio.derivatives of appropriately substituted
pyridines and subsequent elaboration of the coupied products is considered
as a general scheme for synthesizing members df the Veratrum family.

2-Ethy1-5-methyl-3-hydroxypyridine (78) was chosen to provide the
heterocyclic portion of 5a,6-dihydroveratramine (18). A synthesis of this
material was achieved via 2-propionyl-4-methyl furan (122). Two'independent
rbutes were developed for the synthesis of 122 and these studies led to
. 'novel results on tﬁe electrophilic substitution of 3-methylfuran.

Condensation of the lithio derivative of the methyl ether of 78 with
the steroidal enone (80) followed by acetylation gave a mixture of two
compounds. These were characterized as 3B-acetoxy-23-methoxy-22,27-
iminojerva—lZ(lz),22,24,27—tetraen—17—ol (compound "A'", 131) and 3B-acetoxy-
23-methoxy—22,27—iminojérv—12(13),14(15),16(17),22,24,27—hexaene {compound
"B'', 132). Compound "A" was subsequently converted to a D-ring aromatic
compound isomeric with 132 (compound '"C'", 134). The stereochemical implica-
tions of these results are described.

. Methods for the reduction of the pyridine ring in 132 to the piperidine
moiefy present in 5a,6-dihydroveratramine are outlined. Catalytic hydro-
~genation of 132 in an acid-ethénol medium furnished 50,6-dihydroveratramine

which was identified by comparison with authentic sample. In view of the
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known conversions, the present work completes the formal total synthesés of

veratramine, jervine, ll-deoxojervine and veratrobasine.
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INTRODUCTION

Veratrum alkaloids occupy a position of importance amqng the various
~groups of steroidal alkaloids mainly because of their largely modified
steroidal skeleton and the pharmacological activity exhibited by some of the
members. During the past decade significant contributions have been made
regarding thebchemistry and stereochemistry of several sub-groups among the
Veratrum alkaloids. The general classification. Veratrum alkaloids includes
those alkaloids from the tribe Veratreae belonging to tﬁe 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 Liliacéae.

Reviews on various aspects of the chemistry of Veratrum alkaloids have
been published by Fieser and Fieser,1 Boit,2 Nairayanan3 and Kupchan.4 In
-addition, the occurrenée of alkaloids in plants of.the Veratreae, and the
implication of the alkaloid occurrence and structure to thé taxonomy of
the Veratreae have been reviewed.5 Also relationships between structure.
and hypotensive activity of Veratrum alkaloids and their semisynthetic
deriyatives have recently been reviewed by Kupchan and Flacke.6 The
division of the Veratrum alkaloids into the Jerveratrum and Ceveratrum
~groups as proposed by Fieser has now been'generally accepted.4

The Jerveratrum alkamines contain only 1 to 3 atoms of oxygen and are



found in the unhydrolyzed plant eXtracts in part as the free alkamineS’and
in part in combination with one molecule of D-glucose as glucoalkaloids.

The Ceveratfum alkamings are highly hydrokylic and contain 7 to 9 atoms of
oxygen. They usually occur esterified with various acids as ester alkaloidg
but are in some instances unconjugated; they have never been found as
~glycosides.

Crude extracts from Veratrum and related plants have been used for
varioﬁs medicinal purposes since the middle ages, and their use in the
control of'hypertension dates from a report by Baker7 in 1859. Treatments
in the second half of the nineteenth century eﬁployed crude extracts which
~gave erratic results and- their usage was discontinued. During the late
1930's purified alkaloidal»preparations became available and improvéd
techniques led to the first crysfalline aikaloidal preparation, protoveratrine
which was shown to be a powerful hYpotensive_agent.8’9

Following pharmacological investigation by Krayerlo this preparafion
Was introduced into clinical use in the treatment of certain types of
hypertension.11 One of the limiting faétors in tﬁe use of this drug is the
narrow dosage range between hypotensive and.emetic effects. The advent of
the superior hypotensive compound reserpine has aimost eliminated the use
of the protoveratrines.

The Jerveratrum alkamine rubijervine (1), so named because of its red
colour with sulfuric acid rather than a similarity to jerQine, may be
regarded as the simplest of the Veratrum alkaloids from a structural point
of view. It possesses the normal C727 steroid skeleton (e.g. cholesterol)

and the E and F rings may formally be regarded as having been formed by
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folding the normal cholesterol side chain around the nitrogen atom. Other
Jerveratrum members veratramine t2), verarine (3), jervine (4) and veratro-
basine (5) are characterized 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 vératramine, verarine and jervine will now

be briefly reviewed.

Figure 1

Fried and Klingsberg12 proposed that the term 'jervane' be adopted
to represent the carbon skeleton of jervine (4) and the term "etiojervane"
to represent the parent tetracyclic hydrocarbon. This proposal has been

widely accepted and simplifies the nomenclature of these alkaloids. The



systematic steroid nomenclature for the "etiojervane' portion is 17-methyl-
C-nor-D-homo-18-nor-5u,120- androstane indicating the obvious adﬁantages of

the above proposal. The numbering scheme for these compounds is as indicated
for jervine (4) in fig. 1. It has been proposed recently13 that the term
""cholojervane" be adopted for the 24 carbon skeleton which arises by the
cleavage of the C-24, C-25 bond.

Both jervine (4) and veratramine (2) have been converted to the friacetyl--,
derivative (6) and jervine has been interrelated with heqogeniﬁl4 (7) via
compound 8. This suggested the 9o configuration for veratramine and-further
support for this assignment was obtained by conversion of hecogenin15 and
veratramine'® to compound 9. Additional evidence for the 9 configuration
was provided by Johnson17 in a base catalysed equilibration study of
compéund 10 formed from N-acetyl-1l-ketoveratramine (11). ‘Treatment of the
diketone 10 with methanolic potassium hydroxide effected partial conversion
to a new compound. The n.m.r. spectrum of the diketone 10 showed a sharp
signal attributed to the C-19 methyl at v 8.81 which was superimposable on
the corresponding signal in the synthetic trans compound 13. The equilibra-
tion mixture exhibited a new sharp signal at T 8.45 which was superimposable
on the corresponding C-19 methyl signal in the synthetic cis compound: 12.

This work established the B/C trans junction for N—acetyl—ll—ketof
veratramine (11) which was related to veratramine by conversion to N-ethyl
veratramine under conditions which allowed no epimerization at C—é.,u

The configuration of the piperidine moiety was first investigated by
Sicher and Tichy.18 Their studies, solely based on infrared spectra of

pairs of isomeric pipecolinol derivatives 14 and 15,1led to the conclusion



Figure 2
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that the arrangement of the alkyl side chain at C-22 and the C-23 hydroxyl
is trans diequatorial. Subsequently it was proposed19 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 16.

16 17

Figure 3
However a recent inVestigation by Johnson20 has indicated that'veratramine
is correctly represented by 17 in which all the substituents on the_pipéridine _
are equatorial. Johnson prepared 50,6-dihydroveratramine (18) and 5a,6-
dihydro-23-isoveratramine (19) without epimerising the C-22 alkyl side
chain. The iég compound must have the C-23 hydroxyl group in an axial
orientation. This would berexpected to cause a 12-13 Hz 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 t 9.18 in both compounds 18 and i9

indicating that the C-26 methyl group is equatorial.. Since this group

occupies the s—configuration and the substituents at C-22 and C-23 are trans
and equatorial, the.correct assignment for veratramine is represented by

17. Earlier work by Augustiné21 and Masamune22 involving equilibration
studiés on the keto amide of veratramine had supported the assignment of
Sicher and Tichyls. Masamune studied the base cataly;ed epimerizationbof
S,N—diacetyl—23-dehydroveraframine (20) which waé originally postulated as
having one of the alkyl groups on the piperidine moiety in an axial orienta-
tion, Treatment of 20 with methanolic potassium hydroxide gave a predominance
of the C-22 isomeric compound in a ratio 10:1. Tﬁis result was explained

on the basis that epimerization at this position would lead to the pipefidine
ring Being able to assume the more stable conformation with both groups

‘ equa;ofial.

Paulson and Todt23’24

have shown that acylation of 2-methyl piperidine
is accompanied by conformational inversion of the.ring (méthyl group axial)
to relieve steric interaction between the equatorial methyl group and the

amide carbonyl. The recent n.m.r. study by Johnson20 supports this inver-

sion of the piperidine ring in the N-benzoyl derifative of veratramine  (21).
N
Ac ’

HO

21

The C-23 proton appears as a relatively sharp unresolved multiplet indica-

tive of an a*ial hydrokyl whilst the signal assigned to the C-26 methyl group
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now appears at t 9.97. The downfield shift of the C—26 methyl group ihdiéétes
a 1,34diaXié1 relafionship between the C-23 hydro¥y1 and C-26 methyl groups.

It therefore appears very probable that the ketoamide (ZOj eﬁists
preferentially in that conformation with the C-22 and C-25 substifuenté
both:aXial. Epimerization to the C-22 iso compound occurs readily éince!
this compound can exist in the conformation with the C-22 substituent axial
and the C-26 methyl equatorial. These studies indicate that veratramine
is correctly represented as 17 since the configurétions at all centres
"~ except C—éO have been investigated. The configuration at C;20 was assigned
originally on the basis of biogenetic'anaiogy with other steroids. Con-
clus{ve evidenée for the correctness of the stereochemical assignment at
C-20.and other centres was oﬁtainqd by the recent X-ray work25 on veratro-
basiﬁe (5) and the interrelation of these re;ﬁlts to jervine, 11-deoxo-
jervine, veratramine and verarine by Kupchan.26 |

Earlier the configurations at C-22 and C-23 in jervine hadi been
interrelated to those of veratramine and therefore the tetrahydrofuran ring
in jervine must be attached to fhe piperidine ring in a Ezggé_manner.;
Degradation of jervine by Fried and Klingsberglg gaVé 8 which had been
synthesized from hecogenin. The interrelation with veratramine gave
additional support for the 9a configuration, whilst the configurations at
all centres of 5,6,12,13~tetrahydrojervine (22)have been proposed by
Wintersteiner and Moore.27 The 12a configufation suggested for tetfahydro-
jervine in the above investigations has now been disproved and evidence

has been advanced28’29

to indicate the 128 configuration in this and the
related compounds.

Under fragmentation conditions N-methyljervine gave 1,5-dimethyl-3-



pipéridone which was then reduced to 1,3—dimethylpiperidine.20 A synthesis
of 1(3R)-dimethylpiperidine from D(+)-citronellal was carried out and the
product shown to be the antipode of the compound from N-methyljervine.
Consequently the absolute'configuration at C-25 in jervine is (S) and the
C-26 methyl group has‘the B-orientation. The recently revised configurations
of the piperidine ring in veratramine also apply to jervine since the two
compounds have been interrelated.

"Recently Masamune has reinvestigated the problem of C-9 configuration
in jervine and has provided conclusive evidence for the 9a configuration
via the convefsion of veratramine and "jervin-118-o0l" to the 50,6-dihydro-
derivative 23. At this time the configuration at C-17 and C-20 were assigned
only by biogeﬁetic analogy and not by direct evidence. The recent X-ray
diffraction determination on veratrobasine has revealed that this compound

25

is "jervin-118-0l1". In the light of this work and the direct conversion

26,62

of jervine to veratrobasine the structure of jervine is correctly,

represented by 24 in which the ether bridge is B8 at both C-17 and C-23.

22,31

Verarine31 has been shown to be 23-desoxyveratramine and hence the

configuration assigned to veratramine must necessarily apply to verarine (3).




Two new Veratrum alkaloids Veralkamiﬁe32 (25) and veramine33 (26) have
recently been isolated and investigated by Tomko and Schreiber. These
compounds have been shown to possess the unusual 17B—methy1-18—nor—17—i§g;
cholastane carbon skeleton as indicated in fig. 4. These compounds are

unusual when-compared with the known Jerveratrum alkaloids and closely

resemble the spiroaminketal alkaloids solanidine and tomatidine. The .above
34,35

workers have further investigated these types of alkaloids.

Figure 4
The Ceveratrﬁm alkaloids are highly oxygenated and generally occur as
esters. All have the cevanénﬁcleus which is characterized by the C-nor-D-
homo skeleton with an alternate folding of the side chain around the
nitrogen atom. The commonly occurring alkamines are veraceﬁine (27),

~germine (28), zygadenine (29), protoverine (30) and sabine (31) (fig.:.5).
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32 R=H

33 R = OH

C-

" oAc i

CH-CH,-CH

0 CH3

Figure 5
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The protoveriﬁe esters A and B (32 and 33) have been investigated
>thorqugh1y. Structural studies on these compounds culmiﬁated in 1960 with
the elucidation of the structure and configuration of the alkamine proto-
verine and the tetraesters protoveratrine A and protoveratrine B.36
Protoveratrine A is.a potent hypotensive agent with a narrow therapeutic
dosage range whilst protoveratrine B is less active but the emetic side
effects are not as pronounced. Structurally, the difference between these
compounds is small and this prompted Kupchan to examine a number of proto-
vératrine derivatives with the aim of improving the theraﬁeutic dosage range.37
This study led to a number of generalisations concerning structure activity
relationships for the pfotpveratrines but no radical improvement of the
therapeutic dqsagé range.

.The assignment of configﬁrations at C-8, C-13, 6—16, C-20 and C-22 in
veracevine has been presented38 and a subsequent X-ray study of veracevine
‘hydroiodide has provided conclusive evidence for the cénfighrationalvassign-
ments of thirteen of the fourteen asymmetric centrés39 whilst evidence has
.been advanced to support the 208 configuration.38

‘Alkaloids of related structure have been isolated from plants of the

Fritillaria genus of the Liliaceae family. The Fritillaria alkaloid

verticine (34) was first isolated by Fukuda40 from F. Verticillata Willd..

var thunbergii Baker. The same alkaloid was isoiated by Chou and Chen from
F. roylei Hook and named peimine.41 The identity of the two cbmpounds-was
established by direct comﬁarisons42-4? Structurally, verticine represents
the simplest example of a compound having the cevan nucleus as found in

the Ceveratrum alkaloids. A further alkaloid, fritillarine, was isolated

in the above studies and has since been characterized as verticinone (35)
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by mixed m.p. and infrared spectra comparison.43 The assignments of the
structure and configuration of verticine and verticinone have been based
entirely on degradation.studies, spectral data and biogenetic consjderations.
Very recently an X-ray determination46 has confirmed the correctness of the
proposed structures for verticine and verticinone and established the
absolute stereochemistry of these compounds.

An extensive n.m.r. study'of members of the-Ceveratrum group has been
carried out.47 The spectra of 37 alkaloids of this_grbup were recorded and
data for methyl group §ignals ekamined. 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 stereocheﬁistry of the D ring: was

examined.

[#}]
3]
-
il
o

Masamune48 has examined the n.m.r. spectra of 65 derivatives of the
Jerveratrum group of alkaloids. 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.

. ,.49 . . ,.50

In the n.m.r. spectra of steroids ~ and triterpenoids™ the long range

shielding effects of various substituents on the chemical shift of the

angular methyl protons have been shown to be additive. In order to examine
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2z~

36

both additivity and shielding effects in the 22,27-imino-17,23-oxidojervane
skeleton, the compounds were divided into those derived from the A/B Ezggg‘
form (37) and those from the A/B cis series (38). The contributions due
to various functional groups were obtained by pairing compounds which differ
only by the group in questioﬁ. Values calculated for the C-19 methyl.
protons using these contributions were in good_agréement {(within 0.02 T)'
with the observed chemical shifts, indicating that the "prihciple of
additivity" holds satisfactorily for the 19-methyl protons of these C-nor-
D-homosteroidal alkaloids.

_Masamune51 and thnson52 have recently published the results of their
independent investigations regarding the synthesis of Some Veratrum alkaloids.

Masamune has succeeded in synthesizing veratramine and jervine whilst .
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Johnson has synthesized veratramine. Both.groups utilised 17-acetyl-5a- .
etiojerva-12,14,16-triene;38<ol (-0-acetate) (8) as.the source of the C-nor-
D—hompsteroid skeleton followed by elaboration of the 17-acetyl side chain
fo provide the heterocyclic portion to complete the Jerveratrum skeleton.
‘An outline of Masamune's synthetic approach is given in figure 6. In
 this sequence compound 8 was obtained by.degradation of hecogenin and the:
piperidine portionvis attached via an alkylation of the pyrrolidine enamine
46 wiph 45, This leads directly tb an isomeric mixture of 3,N—diacety1—t
5a,6-dihydro-23-dehydroveratramines (47) since the (S) configuration of the
methyl grouﬁ is established in 43. This isoﬁeric mixture was compared:with
an authentic sample oEtained from 5a,6—dihydrovefatramine. " The ether bridgé
between C-17 and C-23 was linked by a series of elegant steps including the
formation of the important intermédiate 22,27-iminojervan-13-(17)-ene-38,
238-diol (49) which was idéntified by comparison with an authentic sample.
Epoxidation of this compound. (49) gives 50 which undergoes cleavage of
the epoxide and concommitant attack by the C-23 hydroxyl to give the desired
ether bridge. Dehydration with thionyl chloride gave  3,N-diacetyl-11-
deoxo-5a;6-dihydrojervine (52) which was compared with an authgntic sample
prepared from jervine in an unambiguous manner. The introduction of the
11-keto group unfortunately proceeds in a very low yieid (1%), but it was
possible to isolate 53 and complete the sequence to jervine as shown.
It should be noted that in view of the recent paper by Kupchan,26 formulae
51-56 are indicated with the éorreét stereochemistry at C-17. Since hgqogenin
hés been totally synthesized53 this work represents in a formal sense,, a

total synthesis of veratramine and jervine.
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Figure 6: Masamune's synthesis of jeryine51



Figure 6 (continued) Jervine (4)
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Tﬁe W.S. Johnson group also employed 17—acety1—5a—etiojerva-12,14,16—trieﬁe{f
3g-0l1 (8) és the source of the C-nor-D-homo steroidal skeleton. This |
substance in turn was totally synthesized54 from Hagemann's ester (57)
as outlined in figure 7. The synthesis involves the use of a relay compound
from veratramine for the convefsion of 66 to 8. An alternate synthesis of
8 has also been published55 recently by the same group by an extension of the
hydrochrysene approach which they had investigated earliér.s6

Figure 8 outlines the synthesis of veratramine from l7—acety1—5q<
etiojerva-12,14,16-trien-3p8-0l (é) 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—Sa,6-dihydro—3,23—diketoveratfamines (75) which was
compared with an authentic sample prepared from veratramine. Introduction
of the 5,6 double boﬁd was achieved Xig_formation of the A4;3-ketone which
Wasxconverted to the enol acetate. Reduction of this compound with sodium
borohydride provided N-benzoyl veratramine which was debenzoylated to-give
veratramine. This synthesis represents a direct total syntheSis of veratra-.
mine wﬁich can be extended to jervine employing ﬁrocedures developed by -
.thévMasamune group.

About the same time these groups have investigated the total synthesis
of Jerveratrum alkaloids, our own efforts in this direction led to the
successful culmination in the total synfhesis of verarine.57 Our work
represented parf of a broader program of research directed to the design
of completely general and yet relatively simple methods for. the total.
synthesis of the Jerveratrum alkaloids potentially capable of extension

to the more complex members and eventually to the Ceveratrum family. . Since
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__-COOEt ~ EtO CH,,Br Et0 . 00Et
: — ]
9 Et00C Etooc” 0
57 - 58
COOEt COOEt A COOEt
P I— » — |
0 0
. 59
K 6 60 COOEt

COOEt

COOCH, | COOR

<ii/0 66 65

Figure 7: Johnson's synthesis of 17-acetyl-5a-etiojerva-12,14,16-trien-38-0l

(8)54
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COOCH3

<—————— Veratramine

Figure 7 (continued)



CHO
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HO

2

Figure 8: Johnson's synthesis of veratramine (2)5
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the total synthesis of verarine is intimately tied up with the synthesis
of'Veratrémine, which forms the subject matter of this thesis, it will he
presented briefly in the discussion part of the thesis.

It is appropriate to add here that after this introduction has been
completed, the IUPAC Commission on the Nomenclature of Organic Chemistry
and IUPAC-IUB Commission on Biochemical Nomenclature have put forward ab
tentative set of rules for nomenclature of steroids.58 According to these
rules veratramine will be known as (22R,25S)-veratra-5,12,14,16-tetraenine-
3B-0l. However, owing to the difficulties involved in naming some of the
compounds as well as for the sake of uniformity, the original nomenclature

' 1
due to Fried and Klingsberg 2 is retained throughout the thesis.



DISCUSSION

For the past several years, members of this laboratory havé been
engaged in active research directed to the design of a totally synthetic
entry into the Veratrum alkaloids possessing the unique C-nor-D-homo-
steroidal skeleton. The anatomy of these alkaloids revealed a basic unity -
in their build-up. All of them are constituted of two fundamental building
blocks: 1) the C-nor-D-homosteroidal (etiojervane) portion and 2) a
substituted piperidine. The Jerveratrum alkaloids can be further regarded

as etiojervane substituted at C-17 by the piperidine'moiety followed by
subsequent elaboration. The Ceveratrum alkaloids can be considered as. .
further cyclic analogues of the above members in that a cyclization of the
C-13 methyl onto the nitrogen atom of the piperidiﬁe ring provides the
.quinolizidine system present in these alkaloids. Such a concept of the
Veratrum alkaioids reveals itself in the results obtained by the selenium.

dehydr_ogenationsg’60

of members of the group, for example, veratramine (2)
and jervine (4) (fig. 9).

Since we considered the Veratrum alkaloids as constituted of two
common units viz, the etiojervane portion and the appropriately substituted

piperidine, it was clear to us that it is possible to desigﬁ methods of

~general application for the total synthesis of these compounds. Basically our
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a — veratramine (2), verarine (3)

a + b — jervine (4), veratrobasine (5)

a + ¢ — Cevane nucleus present in
Ceveratrum alkaloids.

Se Se

76 78 77 - 79

Figure 9: Selenium dehydrogenation of Veratrum alkaloids
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approach consisted of synthesizing the steroidal portion and the heterocyclic
unit separately and then coupling them in an appropriate ﬁanner to provide
‘the desired skeleton. Further elaboration of the products resulting from
such coupling was expected to afford the different alkaloids. The |
proposed scheme as exemplified by the synthetic scheme for veratramine (2)'
and verarine (3) is outlined in fig. 10, in which 3g-acetoxy-5a-etiojerv- |
12(13)-en-17-one (80) is reacted with the lithio derivative of the
appropfiately substituted pyridine (8la or b) to provide isomeric mixtures
of compounds possessing the structure 82. Aromatization of ring D would"
provide compounds of type 83 differing only in configuration at C-20.- A
selective reduction ofbthe pyridine to the piperidine system generates new
asymmétric centres and would give rise to a mixture of isomefs.

. If all the possible isomers are obtained on-selectiVe hydrogenation,
then one of these isomers should be identical with the 5a,6-dihydroalkaloids
for which this sequence is designed. If R is hydrogén, then the isomeric
S5a,6-dihydroverarines (84) will be obtained and in the instance where R
is hydroxyl the sequence was expectéd to lead to an isomeric mixture of
5a,6—dihydroveratraminés (85).

As an alternative to the hydrogenation of the pyridine riﬁg leading:
to all the possible isomers, a sequential reduction of the pyridine ripg
to generate the desired isomer was thought to be feasible in the case.of
veratramine. ‘The proposed gcheme is outlined in fig. 11. The latter
sequence, although somewhat lengthy, has the advantage that conversion of
the substituted pyridine to the piperidine can be achieved stereoselectively.
As far as the total synthesis of the Jerveratrum alkaloids are

t

considered, the total synthesis of 5&,6—dihydroveratramine (18) was a
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8la R=H
b R=0H

HO ' 84 R=H, 5a,6-dihydroverarine
85 R=0H, 50,6-dihydroveratramine

Figure 10: General scheme for the synthesis of simple Veratrum alkaloids
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Figure 11: Stereoselective synthesis of 5a,6-dihydroveratramine (a proposal)
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éonvenient goal, since this material has already been converted fo
veratramine,52 jervine,s1 ll—deoxojervine61 and veratrobasine.zé’62

The steroidal moiety desired to provide the etiojervane portion was
considered to be 3B-acetoxy-5a-etiojerv-12(13)-en-17-one (80). At about
the same time the present work was initiatéd, a total synthesis of this
compound was completed by other members in our laboratorie557 and is
outlined in figures 12 and 13. This substance is also readily available
from the degradation of hecogenin (112, R = H) by published procedures.63’64_
Since it was felt that the quantity of'SB—acefoxY—Sa-etiojerv—12(13)—en—l7f
one (SO) available from total synthesis would be insufficient to complete
the synthesis of the various members of the Veratrum family we envisaged the
use of optically active 3B-acetoxy-5Sa-etiojerv-12(13)-en-17-one (80)
obtained by the degradation of hecogenin as a relay comfound for further
studies. This material, in optically active form, is also a totally
synthetic compound siﬁée hecogenin has been synthesized53 in another
laboratory.

The procedure due to W.F. Johns64 was emplo}ed in the degradation of
hecogenin as outlined in fig. 14. This sequence, although somewhat lengthy,
~gives a reasonable yield of the desired 3g-acetoxy-5a-etiojerv-12(13)-en-17-
one (80). A feature of this sequence which proved important in our to?ally
synfhetic approach wasnthat the desired a,B—unsaturated ketone (80) was
formed from the saturated ketone (111). A brief discussion of the
chemistry involved in this latter conversion is now presented.

Attempts to prepare 3B-acetoxy-5So-etiojerv-12(13)-en-17-one (80)- from
compound 110 via alkylation of the enamine were unsuccessful. However,

alkylation via the enolate anion of 110 led to compound 111 which was shown
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Figure 12: Kutney's synthesis of;SB—acetoxyetiojerv—IZ(13)-en-17—one



Figure 13: Kutney's synthesis of 3B-acetoxyetiojerv-12(13)-en-17-one"

(Continued)
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Figure 14: Preparation of 3g-acetoxyetiojerv-12(13)-en-17-one from hecogenin
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to be structurally identical with the.saturated ketone 111- obtained .in the
-degradation of hecogenin (fig. 14). This compouna (111) provides the

point of linkage between the use of the relay compound from hecogenin and
the totally synthetic substance obtained by the sequence outlined in figures
12 and 13. |

After having selected the appropriate steroidal intermediate (80) to
provide the etiojervane portion of the Veratrum alkaloids, we turned our
attention to the hetérocyclic unit potentially capable of generating the
piperidine moiety of these compounds. The main purpose of thé present
work was to synthesize veratramine (2) and other Jerveratrum alkaloids
possessing a C-23 oxygén function. Hence a logical selection of the
heterocyclic unit‘required for this purpose was 2-ethyl-5-methyl-3-hydroxy-
pyridine (78) or its derivatives. This compound has already been reported
in the literature60 sincé it was obtained by the selenium dehydrogenation
of jervine (4). However, its structure was assigned only on the basis of
its ultraviolet spectrum and colour reactions. Therefore the synthesis of
this material had to be considered for the dual purpose of establishing its
structure as well as fbr its use in our proposed total synthesis of vertramine
(2) as outlined in fig. 10.

At this point it is appropriate to mention thét in the proposed
synthetic scheme (fig. 10), the heterocyclic unit required to complete the
total synthesis of verérine, which is 23-desoxyveratramine, is obviously
2-ethy1—5—methy1p&ridine. The synthesis of vergrine using .this substance -
formed part of a broader program'of our research.. This was undertaken
simultaneously by Dr. John Cable in our laboratories and has been completed

successfully.57
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In connection with the synthesis of 2-ethyl-5-methyl-3-hydroxypyridine
(78), several alternatives could be considered. We chose an approach which
made use of the reacfion of furyl ketones with ammonia65 since it seemed to
be more direct and suitable for our purpose. In this connection we have
developed two independent sequences for the synthesis of the desired
pyridine (78). In effect, both sequences depend on the availability of crucial
furan intermediates and therefore the synthesis of these substances was
initially considered. Figures iS and 16 outline the reactioﬁs involved in
the preparation of these materials. Figure 15 reveals the preparation of
2-propionyl-4-methyl furan (122) via a Friedel-Crafts reaction on 3-methyl-
furan.

A survey of the literéture indicated tHat there has been no work on the
Friedel-Crafts reaction of 3-methylfuran. In fact there has been very little
work on the electrophilic substitution of 3-alkylfurans in general and all
the available data indicated that the substitution takes place exclusively

at’-the 2—1:>osition.'66_68

However, we did not rule éut the'possibility of
substitution at the 5—position and_hencé decided to investigate this further.
The desired startingbmaterial, 3-methylfuran (120) was prepared according:to
the procedure of Cornférth69 as outlined in fig. 15. Thus the reactive
halide, 2-methy1a11y1-chloride on reaction with efhyl orthoformate in .
presence of magnesium afforded 3-methylbut-3-enal diethylacetal70 (118).
Treatment of this subsfance with m-chloroperbenzoic acid gave rise to 3,4-
epoxy-3-methylbutanal diethylaceta170 (119). This epoxyacetal without-
purification was heated with 0.1 N sulphuric acid_and the resulting mixture

of 3-methylfuran and ethanol was distilled. The resulting distillate was

washed with half saturated aqueous calcium chloride solution followed by .
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saturated ammonium chloride solution and distilled after drying. The.'
product, 3-methylfuran,distilled at 65-65.5°%7.

‘-Reaction of 3-methylfuran with propionic anhydride and orthophosphorié
acid as the catalysf at 60° provided a dark brown oil which upon distillation.
afforded a fragrant liquid, b.p. 135-40°/25 mm. Examination of this
substance by v.p.c. indicated that it was a mixture of twé compounds in the
ratio 70:30. The separation of the mixture by distillation procedures was
found to be very inefficient. Hence the two components of the mixture were
separated by preparative v.p.c. using a FFAP column. The two compounds
thus obtained were characterized as 2-propionyl-3-methylfuran (121) and
2-propiony1—4—methylfﬁran (122). The low field region (1t 4- 12) of the
n.m.r. spgétra (figurés 17 and 18) of these compounds was quite revealing.

Thus fhe one proton doublets at t 3.65 (J = 2.5 Hz) and 1 2.65 were readily
assigned to C-4 and C;S protons in compound 121 while the one-proton singlets
at v 3.05 aﬁd T 2.7 were evident for C-3 and C-3 protons in compound 122.

It is noteworthy that indeed substitution takes place at both C-2 and
C-5 positions of 3-methylfuran. To our knowledge this is the first demonstrated
example of electrophilic substitution at the C-5 position of a 3-alkylfuran
unsubstituted at the 2-position. Documented dataﬁindicate that only furans
with electron-wifhdrawing substituents (e.g., -COOR group) at C-3 can'
direct substitution to C-5 while the presence of electron-donating substi-
tuents invariably direct the substitution to C-2.71 |

. The difficulties encountered in the separatibn of the reaction mixture
as well as the .poor yield of the desired ketone 122 compelled us to discard

the above sequence in favour of an alternate direct route to the preparation

of this compound.
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CH OFt CH OEt
i3 Mg 13 /
C-CH_.-C1 + H-C-0OEt e C-CH_-CH 118
2 \ 2\
CH . OEt CH OEt

2 2

N0
CHS—CHZ-ﬁ
122

Figure 15: Preparation and propionylation of 3-methylfuran

CH OMe
{3 /
/OMe NaOMe //C-CHZ—Qg
C1-CH,-COOMe + CHS—E—CHZ—QE _— d OMe
OMe CH-COOMe 123
CH
3 cH,
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0 125 124
CH, o
l \ _ > 122
CH_-CH,.-C COOH
572 I 126

Figure 16: Synthesis of 2-propionyl-4-methylfuran



N.m.r. spectrum of 121

Figure 17.
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‘This latter route makes use of methyl-3-methyl-2-furoate (124) as the _
starting materiai. ‘The prepération of this compound by a known procedure72
and the subsequent reactions leading to 2-propionyl-4-methylfuran (122) are
schematically_presented in fig. 16. The reaction of 4,4-dimethoxy-2-
butanone with methyichloroacetate in the presence of sodium methoxide afforded
the époxyester (123) without difficulty. The essentially pure epoxyester'
thus obtained was subjected to pyrolysis and the resulting methanol was
distilled off continuously. The residual semi-solid mass.was distilled
and the fra;tion boiling at 72-78°/8 mm.was found to be the desired methyl-
'3-methyl—2-furoate72.(124). This latter compound was then subjected to a
Friedel-Crafts reactioﬁ with propionic anhydride ét 65° to provide the
expected product (125). Spectral data on the purified substance quickly
revealed the.pfesence of the propionyl grdup (infrared,¢1700 cm—l; n.m.r..
three proton methyl triplet at T 8;8 and two proton methylene quartet at
7.2). Tﬁe n.m.r. spectrum is reproduéed in fig. '19.

The ketoestér (125) was hydrolyzed with aqueous sodium hydroxide
solution and the resulting acid (126) which precipitated on acidification
of the alkaline hydrolysate was filtered and dried. Decarboxflatiohlof the
latter by means of copper and quinoline provided 2-propionyl-4-methylfuran
(122) which exhibifed the spectral data as described earlier.

: The next sfage in the synthesis was the convefsion ofVZ—propiony1-4—
methylfﬁran (122) to 2-efhy1—5—methy1—thydroxypyridine t78). .This conversion
was effected by a known procedure.65 The ketone (122) was treated with
11 N aqueous ammonia in a sealed tube at 160-170° for 18 hrs. The resulting
‘reaction product was distillgd iE X§EE9 and a pale yellow oily liquid

(b.p. 140°/0.3-0.5 mm) which was collected, crystallized instantaneously..
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This substance on recrystallization from chloroform afforded shining prisms,

60

m.p. 145-47°, (lit.  m.p. 143-144°). The. ultraviolet spectrum with maxima

at 287 mpy and 225 (sh) was characteristic of a 3-hydroxypyridine. The

n.m.r. spectrum of the compound with signals at t 8.75 (3H, triplet, CE'-CHZ),_~,f 

3
7.8 (3H, singlet, C—S-CHS), 7.1 (2H, quartet, CEQ-CHS), 2.9 (1H, singlet, v'
C-4-H), 2.1 (1H, singlet, C-S-H),vl.O (1H, unresolved multiplet, C-3-OH) .
was in complete agreement with the assigned structure (78).
In our initial studies on the coupling of the substituted pyridine with
the steroidal enone (80), it was decided to use the lithiodérivative of

2-ethyl-3-0O-benzyl-5-methylpyridine (127). This compound was prepared- by

heating a solution of'2-ethyl—S—methyl-S—hydroxypyridine (78) in aqueous

O—CH2—¢ OCH

=

|

127 128

/

sodiuﬁ hydroxide with benzyl chloride. However investigations on the con-
densation of this compound with the ketone 80 performed by Dr. J. Cable in
our laboratories were unsuccessful and hence we discarded the use of the
O-benzyl ether (127) an& the correspondipg O-methyl ether (128) was used
instead. |

The conversion of 2-ethyl-S-methyl—3-hydroxypyridine (78) to its
O-methyl derivative (128) was achieved by treatment of an aqueous methanolic
solution of this substance with ethereal diazomethane73 at -10°. The n.m.r.
~ spectrum of this substance is reproduced in fig.‘20. Apart from the above-

mentioned signals, it shows the replacément of the -OH proton in 78 by the
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CHS-group (singlet at~t 6.3).

Thus with the desired steroidal enone, 38-acetoxy-5o-etiojerv-12(13)-
en-17-one (80) and the appropriately substituted pyridine, 2-ethyl-3-
methoxy-5-methyl pyridine (128) in hand, the stage was set for the coupling
reaction of these units. The actual reaction sequence employed for the
synthesis of 5a,6-dihydroveratramine (18) is shown in fig. 21 and follows
the proposal in fig. 10.

Addition of methyllithium to a solution of 2-ethyl-3-methoxy-5-
methylpyridine in anhydrous refluxing tetrahydrofuran led to the develop-
- ment of a deep red colour presumably due to the anion'(129). To this .

solution 3B—acetoxy—5a;etiojerv-12(13)—en—17-one (80) was added until the
colour faded. Heating was continued for a short ﬁeriod and the reaction
was quenched with saturated ammonium chloride solﬁtion. Examination of '
the ether extract by t;l.c. showed the presence of a new compound. This
-product was separated By column chromatography on alumina and obtained
crystalline from ether.. The ultraviolet spectrum showed a peak at 2833mﬁ
indicative of the pyriaine chromophore while the mass spectrum_exhibited‘a
peak at m/e 439 corresponding to the parent ion for a substancg bearing
the gross structure 130.

:Thatvfhe above méteriai obtained, although hom_ogeneous_on't.l.c.,:~
was a mixture of two cbmpounds was indicated by the n.m.r. spectrum which
exhibited two sharp singlets at 1 6.21 and 6.24 dué to the presence of two
methoxyl groups. Two doublets were also seen at T 8.81 and 8.84 wﬁich
were probaﬁly due to the C-21 methyl group in each of the two compounds.

Attempts at the separation of this mixture by chromatographic techniques
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Figure 21: Synthesis of 5a,6-dihydroveratramine
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were unsuccessful since both the compounds had identical Rf values on t.l;c.}
in numefous solvent systems.

In an attempt to achieve separation of these two compounds the mixture
was subjected to acetylation by means of acetic anhydride and pyridine.
The resulting reacfion mixture on t.l.c. examination showed the presence of :
two compounds possessing very different Rf values. These were separated by -
-column chromatography on alumina. For the sake of discussion the more
polar compoUnd is referred to as compound "A" while the less polar one is
designated as compound "B, |

.The examination of compound "A" revealed the following facts: the
ultraviolet spectrum showed a peak at 283 mp with a shoulder at 225 indica-
tive of the pyridine chromophore. The mass spectrum exﬁibited the parent
peak at m/e 463 which indicated that dehydration of the coupled product
(131) hés occurred in the mass spectrometer. Cohfirmation of this result
was obtained from the elemental analysis and spectral data of compound "A".
For example, the infrared spectrum showed the presence of a hydroxyl group
(3280 cm_l) whereas the n.m.r. spectrum (fig. 23j is in complete accord
with the proposed structure (131) for compound "A;, ‘The latter spectrum'
was particularly instructive and a detailed analysis was carried out.
Thus a sharp singlet.af T 9.22 with a three proton integral was assigned |
to the C-19 methyl resonance. Thé doublet at 8.82 was attributed to the
C-21 methyl protons, which were coupled with the C-20 proton, J20,21 = 7.0 Hz.
The sharp singlets at t 8.79, 8.0 and 7.7 were due to C-18 methyl, C-3
acetate and C-26 methyl protons respectively while the three proton signal
at 6.22 was easily recognized as due to the C-23 hethoxyl protons. The

protons on the pyridine ring appeared as sharp singlets at t 3.08 (C¥24 H)
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and 2.0 (C-27 H). Finally the assignment of the molecular formula for the
desired material (131) was further corroborated by high resolution mass
spectrometry (found: 463.308; calc: 463.308).

The ultraviolet spectrum of compound "B" was similar to that of "A" 
and Showed maxima at 283 my and 225 mﬂ (sh). The mass spectrum exhibited
the parent peak at m/e 461 corresponding to a molecular ion which accounts
for the loss of 20 units from thé desired compound of gross structure 131;
The n;m.r. spectrum is reproduced in fig. 24. A first order analysis of tﬁe
spectrum was carried out -and the following assignments were made. A sharp
singlet at t 9.08 integrating for three protons was assigned to the C-19 .
methyl resonance. The doublet occurring at t 8.45:was assigned to the;v

C-21 methyl group which was coupled with the C-20 proton, (J = 7.0-Hz).v

20,21
The singlet at ¢ 7.7 integrating for six protons was due to the C-26 and -
C-18 methyl groups, the latter now being situated on an aromatic ring.: This

result is in agreement with the absence of the signal att 8.79 present in

the spectrum of compound "A" and unequivocally assigned to the C-18 methyl

protons in this compound. Further proof for the correctness of such an

133
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Figure 23. N.m.r. spectrum of compound "AT (131)
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Firgure 24, ‘N.m.r. spectrum of compound "B" (132)




Eigure 25. N.m.r. speqtruni of compound "C": (134)
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assignment came from the éxamination of the low field (1 4-2) region of the
épectrum. Only two one-proton singlets were éxpected in this region for
a compound of structure 131. However this region of the spectrum exhibited‘
an AB quartet centered at t 3.05. This signal is clearly due to the C-15 and
C-16 protons in a ring D aromatic compound with_the éxpected large ortho
coupling (J = 7 Hz). The acetate protons at C-3 and the C-23 methdxyl protons -
éppeared'as sharp singlets at 1 8.0 and 6.3 respectively. The pyridine
protons were descernible as‘singlefs at 3.16 (C-24 H) and 2.0 (C—27 H).

Since the above spectral data was consistent for the ring D aromatic
Structure 133, it was ciear that compound "B" arises Xig_déhydration of
the C-17 hydroxyl function in the condensation product (130) followed by
aromatization of the resulting diene. Further support for structure 133
.came from the mass speétrum with parent peakvat m/e 461 and the absence of
a hydrdxyl absorption iﬁ the infrared spectrum. The molecular formula?

C30tl3gN03
461.293; found: 461.291).

H,,NO., was corroborated by high resolution mass'spectrometry (calc:

It can be seen from fig. 21 that the coupling reactiop generates two
asymmetric centres and éonsequently there exists the possibility of
obtaining four compounas possessing structure 130. However iﬁ our studies
we have isolated only two compounds and did not réqognize the presence of
any more. ] ' o V
The above resultslsuggest that the coupling reaction probably éffofded
a mixture of alcohols of gross structure 130 and that one of them fortuitiously
underwent dehydration followed by aromatization during the subsequent work-
up. There existed the‘possibility of this sequence of reactions occufring

either during acetylation of the reaction mixture or during the chromato-.
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~ graphic separation on alumina.

| We set out to explore this phen&menon by monitoring a typical experi-
ment,by n.m.r. spectroscopy. The product obtained in the coupling reaction
was subjected to acetylation with acetic anhydride and pyridine at room
temperature. After allowing the reaction mixture to stand overnight followed
by fhe usual work-up, the n.m.r. spectrum of this material displayed an AB
quartet in the low field region which was attributed to C-15 and C-16 .
protons in a ring D aromatized compound. The results of the experiment
aliowed us to conclude that one pf the two alcohols under the influence
.of pyridine and acetic anhydride underwent dehydration leading to a cyclo-
hexadiene system which probably aromatized instantaneously to give a ring
D arqmatic compound (compound "B', structure 133).'

In our subsequent studies we have been able to éonvert the alcohol

131 (compound YA'") to an aromatic compound isomeric with '"B". 1In a typical
e#periment, compound "A" was ground with 10% palladized charcoal until the
two substances were thoroughly mixed and then the powder was heated at 200°
for 10 minutes under nitrogen. Examination of the reaction product by.
t.l.c. indicated the presence of a new compound with Rf value §imi1ar to
that of "B'". Besides this new compound we were able to recognize the
presence of two other compounds. All the three compounds were obtained in -
a.pure state by preparétive t.l.c. andltwo of these were'identifiéd as the
a,Bjunsaturated ketone (80) and 2-ethyl-3-methoxy-5-methylpyridine (128).
The third compound which was fopmed in 25% yield showed a colour reaction
with antimony pentachloride on developing the chromatoplate, similar to

that obtained with compound "B". This material is designatéd as compound
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'.;ﬁC". The mass spectrum eXhibited a peak at m/e 461 corresponding to the_;
_'ﬁﬁlecular'ion for a ¢ompound of structure 133. The n.m.r. spectrum is f
reproduced in fig. 25 and is remarkably similar to that of éom?ound ”B";.Yf'f
The three proton singlet due to the C-19 methyl group appears at t 9.07,
while the doublet at 1 8.4 integrating for three protons 1is aésigned to
the C-21 methyl group. The three proton sihglet at T 8.79 assigned to
the C-18 methyl in compound "A" has now disappeared and the singlet at
T 7.74 integrating for six protoﬁs is attributed to be due to an overlapping
of the signals due to C-18 methyl and C-26 methyl groups. This result is
in accord with the aromatization of ring D. The aromatic region of the
spectrum is similar to that.of "B,  An AB quartét centred at T 3.0 was
attributed to C-15 H and C-16 H (J = 7.0 Hz), whilst the singlets at © 3.1.
and 1.92 were assigned to the C-24 and C-27 protdﬁs respectively. The
molecular formula 6f compound ''C'" was confirmed B}.high resolution mass
spectrometry as being that of compound "B'". The'compounds "B" and "C".
contain only one new asymmetric centfe {C-20) whén compared with 3B-acetoxy-
5a—etiojerv—12(13)—en—17-qne. The introduction of the asymmetric centre
at C-20 would therefore be eipected to give rise fo two diastereomers and
this, is therefore the difference between the two aromatic compounds 'B!
and "'C".

Since the aromatic compound 'B'" gave rise to compounds in the natural
series, the stereochemistry at C-20 in this compound is knowﬁ and is
indicated in 132. This leads to the conclusion that compound "C" is the

C-20 epimer of ''B" and has the stereochemistry as indicated in 134.

\
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134

After having established that tﬁe condensation product of 2-ethyl-3-
methoxy-S-methylpyridine and 38-ac¢toxy—5a~etiojerv—12(13)—en-17—one is a
mixture of epimeric alcoholé (130) and that one of these alcohols-undergbes
dehydration énd aromatization to give compound '"B" during the subsequent
work-up, we set out to assign the stereochemistry of the condensation
products. One of the several rational interpretations of the results is
advanced in the following paragraphs. I wish to emphasize that we are
unable at this time to clearly distinguish between several alternative
explanafions.

It is clear that several important factors must be considered‘in
advancing any stereochemiqal assignments to the condensation p;oducts
pogsessing the gross structure, 130. These are: 1) Is the stereochemistry .
at C-20 determined dﬁfing the approach of the anion to form the C-17,

C-20 bond or is the product composition a result of equilibration after

the initial reaction has occurred? It is well known that brotons adjacent

to a pyridine ring (as at C-20) are readily removed by strong basé. 2)

Is #he approach of the anion equally favorable from the ""equatorial' and
"axial" sides of the molecule since this factor determines the stereochemistry

at C-17? With regard to the latter an investigation of the molecubr models
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quickly revealed that no distinct breference for either approach is apparent.
In other words, one‘would expect that epimers at C-17 is the moét likely
course of events. In the explanation given below I have assumed that such
is the case, i;e., the two condensation products differ in stereochemiséry |
at C-17 but not at C-20. In actual fact the discussion beléw indicates
that the results obtained are explicable, regardless whether a definite
stereochemistry is initially assigned to C-20 in the condensation products.
For the sake of clarity the particular stereochemistry chosen for C-20 was
the one which is present in the natural Veratrum series. The reasons for
the latter choice are twofold: a) there is a minimal interaction between
‘the various groups on ring D and the heterocyclic bortion when thissteredr
chemistry is considered and b) one of the above cdndensation products leads
to 5&,6-dihydroveratramine. |

-Once we have made a tentative assignment of the stereochemistry at C-20
in the condensation products we were left with thé task of advancing a
reasonable explanation'for the difference in the'stability'of the alcohols
aﬁd the observed facile dehydration followed by afomatization in one case as
opposéd to the sluggishness in the other. An accéptable explanation for the
difference in their behaviour is given in the following paragraphs. Here
.again; it should be emphasized that there can be alternate expianations,
but the one chosen appears to be the most reasonable one.

CIf Qe consider the '"faxial' alcohol ({135) and its possible'conversion
to the ring D aromatic derivative (132) it is clear that the -allylic -
hydroxyl can undergo 1,4—eliminationvmaking use of the C-14 proton, or

alternatively a 1,2-elimination involving the a-(axial) proton at C-16 is
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also a feasible process. Either of these eliminations would yield a
‘highly strained cyclohexadiene system (with regard to ring D) which would

‘be expected to aromatize rapidly to yield a compound of structure 132,

135 : 136

On the other hénd, examination of molecular models for the "equa;oriai"
alcohol (136) reveals thatAin this compound there are no ring D protohs
which are trans and coplanar to the hydroxyl_gréup. The desired stereo-
chemistry for the elimination can be attained at.C—ZO by rotation around
the C-17, C-20 bond, but'such a process leads to an eclipsing of C-18:and
C-21 methyi groups and an increase in non-bonded interactions between. ring
D (particularly C-16) and the substituents on the heterocyclic ring. Hence
the sluggishness of this alcohol to dehydrate may be related to the energy
required to force the moleéule into this sterically unfavorable conforma-
tion. The higher temperature (200°) as noted above, under which this

alcohol converts to a substance possessing an aromatic D ring would then:

137
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rprovide the necessary energy. Dehydration in this event will lead to a
diene 137, which via double bond rearrangement and aromatization would
provide the aromatic compound 133. Obviously such a process can lead to
epimerization at C-20. 1In fact the aromatic cémpound ("C") isolated in
this. reaction is isomeric with compound "B" and must therefbre be its €-20
epimer (i.e. 134). It is to be noted that the various other asymmetric
centres involving rings A, B, and C cannot be altered during the above
vreactions. On'this basis it is clear that these centres are identical in
both cbmpounds "B" and "C".

. After obtaining the D ring aromatized compound, our next objective
was to find suitable methods to reduce the pyridine ring to the piperidine
moiefy present in verairamine (2). The ready availability of compound "'B"
(132) prompted us to undertake such studies initially with-this compound.
Although a selective hydrogenation of the pyridine ring74 was the obvious
choice, such an operation was expected to give a mixture of stereoisomers.
Hence we considered a stepwise reduction of the p}ridine“ring (see fig. 11).
InAorder to explore the feasibility of this scheme we used 2;ethy1—3—»
methoxy-5-methylpyridine itself as a model and the sequence of reactions
outlined in fig. 26 was carried out.

The reaction of 2-ethyl-3-methoxy-S-methylpyridine (128) provided the
salt, 138 without difficulty. This‘compound withbut further purification
was dissolved in water and treated with a mixture of aqueous potassium
carbonate and sodium bordhydride at 0°.75’76 T.l.c. examination of the

reaction mixture showed the presence of two components of similar_Rf values

-1 I . .
anq the spectral data ( Vhax 1650, 1600, 725 cm (—C_C—C—C")’«Amax‘ 260,



N

H H

HO

Figure 26: Stepwise reduction of 2-ethy1—S—methoxy—S—methylpyridine

227, 215 (sh) mp ) suggested tentative'étructures 139 and 140. This
suggestion was supported by the fact that the product mixture was found

. to be extremely unstable and rearomatization to the starting pyridine was
facile. No attempt was therefore made to separate these components. The :
reaction mixture thus obtained on treatment with hydrochloric acid afforded
a mixture of two compounds which were separated by t.l.c. The less polar
éompound was found to be the pyridine derivative, 128, while the second: |

component was assigned the structure 141 on the basis of its spectrd data

o

-1 -
nax’ 1680 em (=C-C=0); A . @ 335 (sh), 300, 225 (sh).
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. The above results cleafly attested to the validity of the scheme éS”
"eﬁtlined in fig. 11. Howevef, in practice, this approach failed complefel;iP?
.ﬁhen applied to our synthetic compound, 132. The dihydropyridine derivdtiﬁewf
’6btained in this case was found to be extremely unstable and hence we‘. |
discarded this approach._ |

Although we were aware that hydrogenation of the pyridine ring could‘7'f‘
‘lead to various isomers, such a course was chosen in the absence of better‘f?
alternatives. Compound "B (132) when subjected to hydrogenation in ethanol
at pressures ranging from 40-65 p.s.i. did not undergo any change. However,
it was fodnd that this substance dndergoes hydrogenation in an acid-alcohol
medium, A solution of 132 in 95% ethanol containingnz% hydrochloric acid
was subjected e hydrogen atmosphere of 62.5 p.s.i. id'the pfeéence of Adam'e‘
catalyet IPtOz). T.l.c. examinatien of the reaction product revealed»fhe V.f
presence of three majof compounds along with trace amounts of several other
. components. One of the major compounds . had the same Rf value as 5a,6-
dihydroveratramihe. Indeed, separation>of the mixture afforded an 18% yield:‘
of 5a,6—dihydroveratreﬁine (18),:identica1 with the natural sample prepared
B& fhe hydrogenation of Veratramine.30’77 ’
possessed superimposable infrared spectra (seevfig. 27) and no depression ‘
of melting point was ebserﬁed in a meltiné'point_determination. The two
other compounds isolated in the hydrogenation experiment were found to be
extremely unstable and the limited quantities of these availaﬁle prevented
any meaningful investigation. Hewever, a preliminary inspection of the |
n.m.r. spectra of the impure compounds revealed that in both instances the
byridine ring was -only partially reduced (to the dihydro or tetrehydropyri—

'dine stage) while the-dethoXyL group was still intact.'

The synthetic and natural substances .
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Figure 27.  Infrared spectra of Sa,G-dihydroVeratramine (synthetic and natural).
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18 145

Figure 28: Possible intermediates in the hydrogenation of'éompound "B (132)
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The intermediates involved in the cdnversion of 132 to 5a,6—dihydro—: |
ﬁeratramine (18) cannot be detailed with certainty since‘no isolation of»
them was feasible. However, since the substituents at the three asymmetric .
centres (C-22, C-23 and C-25) in veratramine are in the most stable
equatorial orientation, it was ekpected that the overall conversion invoiving:
equilibrating conditions would be feasible.v A rationalization of the resultsj
is provided in fig. 28.

Protonation of the pyridine ring in 132 followed by initial attack of
hydrogen on the pyridinium salt (142) may lead to either one or both of
the dihydropyridines (143 and 144).. Acidic'hydrolysis of either of these
intermediates would be ekpected to provide at least in part the a,B-
unsaturated ketone (145). Further‘hydrogenation of the latter leads to tﬁe
final product in which all the subétituents are equatorial.

As mentioned earlier the synthesis of 5a,6-dihydroveratramine (18)
was sufficient for our purpose bééause this material has already been

convefted to veratramine52 (2), jérvines1 4), veratrobasinezé’62

(5) and
1i—deoxojervine.61 Thus the present’ work represents in a formal sense. the

total synthesis of the above mentioned compounds.




EXPERIMENTAL

Melting points were determined on a Kofler block and are uncorrected.’
Ultraviolet (U.V.) spectra were recorded in methanol on a Cary 11 recordinge
spectrophotometer. Infrared (I.R.) spectra were obtained on a Perkin Elmer

» model 21 or 457 spectrophotometef. Nuclear magnetic resonance (n.m.r.).
spectra were determined at 60 Hz on a Varian A-60 spectrometer and at
100 MHz on a Varian HA-100 spectrometer using carbon tetrachloride,
deuteriochloroform or methanol—d4 solutions with tetramethylsilane as
internal standard. The chemical shifts are recorded in the Tiers 7T scale.
The types of protons,integrated area, multiplicity and spiﬁ coupling constant
J (in Hz) are indicated in perentheses. Specific rotations ([a]D) were
determined in chloroform solution at 20° on an O;C. Rudolph and Sons No. 219
polarimeterlusing a one decimeter cell. Mass speetra were recorded on an
Atlas CH-4 or Associated Electrical Industries MS-9 spectrometer, high
‘resolution measurements being determined on the iatter instrument. Vapour
phase chromatography (v.p.c.) was done on an Aerograph Autoprep model-A-700
instrument using a FFAP column (20% FFAP on chromosorb W 1/4" x 10' s.s.
column) or a S.E.-30 column (20% S.E. 30 on 60/80 chromosorb W 1/4' x 10'
s.s. column). Silica gel G and Woelm neutral alumina containing 2%
electronic phosphor wefe used in preparing thin layer chromatoplates and

Woelm neutral alumina deactivated by the addition of 6% water or Shawinigan
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‘1élumina deactivated by the addition of 3% of 10% aqueous acetic acid solution Co
~ was used for column chromatography. Elemental analyses were performed by
Mr. P. Borda of the Microanalytical Laboratory, University of British

Columbia.

Synthesis of SB—Aceto%yésd—etiojervilz(13)-en—17-one (80)

:Thrqughout the entire project this compound occupied a position of 3
importance, since it provided the etiojervane portion of the Veratrum
élkaloids. It is not a commercially available material but was prepared
from hecogenin acetate78 employing degradation procedures well.documented
by W.F. Johns.64 Details of the quantities used and the yields of the
various intermediates obtained in this work are given below. Special mention -
is made of modificatiqns in the experimental procedure wherever applied.
Any additional data obtained for the characterization of the intermediates

in the degradation is also included.

Hecogenin p-toluenesulfonylhydrazone (113)

A solution of hecogenin acefate (112, (400 g)) in glacial acetic acid
on treatment with p-toluenesulfonylhydrazine hydfochloride as outlined by
Hirschmann et a179 afforded hecogenin p-toluenesulfonylhydrazone (560 g).
The product was essentially pure and was subjected to the next reaction

without further purification.

lS—Methyl-C—nor—D—homo418-nor-Sa,22a-spirost-12(13)-en—38—01 (114)
A solution of hecogenin R;toluenesulfonylhydrazdne‘(560 g) in potassium

hydroxide/ethYlene glycol was heated under nitrogen as described by

64

W.F. Johns, The product was purified by crystallization from aqueous
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ethanol. Colorless shining needles, m.p. 108-111° (lit. m.p. 108-118°).

N.m.r. signals: 9.28 (singlet, 3H, C-19 CHS)’ 9.24 (doublet, J 6,

25,26

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

21,20

singlet, 3H, C-18 CH Mass spectrum: M.W. 414; base peak m/e 300;‘main

BE
peaks, m/e 414, 271, 263.

SB—Acetoxy—Sa,13-methy1—C-nor—D—homo-18—nor¥22a—spirostane‘ (115)

13-Methy1-C-nor-D-homo-18-nor-5a,220-spirost-12(13)~en-3g8-0l1 acetate
-(2801g) which had been prepared by treatment of the olefin-38-0l (114)
withjpyridine—acetic anhjdride overnight wés hydrogenated in acetic acid
over 5% rhodium on alumina as outlined by W.F. Johns.,  The pfoduct was
readily obtained crystalline from methanol,needles, m.p. 170-173° (220 g)
(1it. m.p. 173-177°). N.m.r. signals: 9.20 (singlet, 3H, C-19 CHS), 8.01

(singlet, 3H, CH,-CO-). Mass spectrum: M.W. 458; base peak; m/e 342.

3

17-Acetyl-5q0,138-etiojerv-16-en-38-01 (116)

The hydrogenation product (115, 110 g) was subjected to ring opehing
by octanoic anhydride, oxidation with chromic acid and elimination |
emplbying potassium hydroxide in t-butanol, according to the procedures
outlined by W.F. Johns. Chromatography of the product on alumina (2Kg,
Act. IIIsO) eluting wifh 20% chloroform in benzene gave 17-acetyl-50,138-
etiojerv-16-en-3g-0l (34 g) which was crystallized from acetone/petroleum
ether. M.p. 162-165° (1it. m.p. 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 = 3.0, J = 7.5, 1H, C-16 H).
* Conversion to 17—acety1—5d,138—etiojerv—16—en—38rol acetate was

accomplished by dissolving the product in acetic anhydride/pyridine (1:1)
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and allowing the solution to stand at 20° for 12 hours. Recrystallization
of the product from acetone/petroleum ether gave needles (34.2 g), m.p. .

143-144°,

17-Acetyl-5q,13g-etiojerv-16-en-3g-ol acetate-20-oxime (117)

A solution of 17—acetyl-Sd,138—etiojerv-16-en—33401 acetate (33 g) in
pyridine was treated,with hydroxylamine hydrochloride according to the
procédure-of W.F. Jokns. The product was purified by crystallization
- from acetone. Needles (33.5 g}, m.p. 200-202° (lif. 205-210°). N.m.r.
18,13 = 7.0, 3H, .

C-18 CH,), 8.0 (singlet, 6H, CH,-CO- and CH,-C=N-), 7.03 (quintet, 1H,

C-16H). Mass spectrum: M.W. 373; base peak m/e 358; main peaks m/e 373,

signals: 9.18 (singlet, 3H, C-19 CH3), 9.07 (doublet, J

296,255.

3B-Acetoxy-~5a-~etiojervan-17-one (111)

A Solution of 17-acetyl-50,138-etiojerv-16-en-33-0l acetate-20-oxime
(33.0 g) in pyridine (400 ml) was treated with phosphorus.oxychloride'.64
The ﬁroduct obtained after pouring the reaction mixture into aqueous
hydrochloric acid at é%° was filtered, dried and chromatographed on alumina
(700 g, act. IiI). Elution with 15% chloroform in benzene gave pure 38-
acetoxy-5a-etiojervan~17-one (24.8 g) which was crystallized from methénol/
water giving colourless needles, m.p. 169-170° (lit. m.p. 175-177°); [q]D
+122° (1lit. +123°). N.m.r. signals: 9.21 (s;nglet, 34, C-19 CHS),.Q.OS
-CO-). Mass

(doublet, J = 6.0, C-18 CH,), 8.06 (singlet, 3H, CH

18,13 3
spectrum: M.W. 332; base peak, m/e 272; main peaks m/e 332, 257, 200..
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3B8-Acetoxyetiojerv-12(13)-en-17-one (80)

Bromination of SB-acetoxy—Sa—etiojervzén-17-bne (111) followed by
‘dehydrobromination as outlined by W.F. Johns®* afforded 3B-acetoxy-5o- -
etiojerv-12(13)-en-17-one (80), m.p. 165°. N.m.r. signals: 9.18 (singlet,L,i'

3H, C-19 CH;); 8.31 (singlet, 3H, C-18 CHg), 8.01 (singlet, 3H, CHy-CO-).

3
Mass spectrum: M.W. 330; base peak m/e 330; main peaks; m/e 288, 272, 270,255.

Synthesis of 2—Ethy1-S—methyl—3—hydroxypyridine (78)

Since the heterocyclic unit required to complete the total synthesis
of simple Jerveratrum alkaloids has been 2—ethyl-S-methyl—3-hydroxypyridine
(78) or its derivatives, a synthesis of this material was important. This
compound is not commeréially available and has not been synthésized before.
Hence we developed a éynthesis of this compound involving furan intermediates
and thé details of thé various experiments in the:synthetic sequence are
~given below. | |

Methylbut—S-énal diethflacetal (118)

This was prepared according to the procedure of Corﬁforth and Firth.70
Triethyl orthoformate (45 g) and magnesium (17.5 g) were stirred and heated
at 60°. 2-Methy1a11y1bchloride (24.5 g) was thenAadded gradually (about
2.5 hr.) and the reacfion mixture left overnight. The flask was cooled 'in
ice and saturated aquebus ammonium chloride (20 ﬁl) was added dropwise
until the mixture set solid; the cake was filteréd and washéd well with
ethér. The filtrate 6ﬁ work—up afforded the acetal (118, 19 g), b.p. 60-
61°/20 mm. (lit.70 b.f. 60°/19 mm). The compound was found to be pure

by v.p.c. examination using a FFAP column. v nax (film): 1600 cm—1

1

(,;>C=CH2), 1100-1000 cm™ >, 880 cm™ ' (acetal).




- 67 -

N.m.r. signals: 8.85 (triplet, 6H, 2£ CES—CHZ)’ 8.25 (singlet, SH,VC—ZCHSJ,'

7.7 (doublet, J = 6.0, 2H, C-3 CH,), 6.5 (multiplet, 4H, CH,'s of -O-CH

2~CHz) =)

/
5.4 (triplet, 1H, C-4 H), 5.2 (singlet, 2H, C§2=C\\).

3,4-Epoxy-3-methylbutanal diethylacetal (119)

"A solution of 3-methylbut-3-enal diethylacetal (118, 6.6 g) in
anhydrous ether (10 ml) was cooled in ice and treated gradually wiFh a:solu—
_tion_of m-chloroperbenzoic acid (9 g) in ether (30 ml). The reaction mixture
was then allowed to warm up and kept at 30° by occasional cooling until
the reaction subsided. Next‘day the reaction mixture was washed repeatedly :
with saturated sodium bicarbonate solution until the whole of g;chlord—
.benzoic acid was removed. The ether layer was separated aﬁd dried over
magnesium sulfate. The solvent was removed under reduced pressure and
distillation of the residual liquid afforded the epoxide (119) as a colour-
less 0il (4.1 g), b.p. 82-86°/18 mm. (lit. b.p. 83-84°/17 mm.). The
compound was found to'be homogéneous by v.p.c. examination. Vhax (fil@):
1600, 950, 800 cm”1 écﬁaracteristic bands for epoxide). N.m;r.‘signals:

8.85 (triplet, 6 protons, 2x CHy-CH,-0-), 8.7 (singlet, 3H, C-3 CHy), 8.2

3
, . A VAN
* (doublet, J = 7.0, 2H, C-2 CHZ)’ 7.5 (AB quartet, JA B = 5.5, 2H, cgé—-c-),&
‘ L . ’
6.5-(mu1tip1et,%Cﬂ2's of -O-CH2—CH3), 5.4 (triplet, 1H, C-1 H).

3-Methylfuran (120)

A mixture of 3,4<epoxy—3—methy1butanél diethylacetal (119, 5.0 gi
and 0.1 N-sulfuric acid (500 ml) were heated under a fractionating column
for 3 hr., the methylfuran and ethanol being removea intermitfently by
distillation.. The distillate was washed once with half-saturated équeous

calcium chloride (10 ml) and twice with saturated aqueous ammonium chloride,
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. dried over sodium and redistilled to give pure 3-methylfuran (1.1 g). -
B.p. 65-66° (1it.69 b.p. 65-65.5°). v < (chloroform): 1500, 1200, 890 em” 1

ma
(characteristic bands for furans); n.m.r. signals: 8.0 (singlet, 3H, C-3 CHS),’;}
3.85 (singlet, 1H, C-4 H), 2.87 (broad singlet, 1H, C-2 H), 2.75 (broad

singlet, 1H, C-5 H).

Pfopionylation of 3-methylfuran

3-Methylfuran (1 g) and propionic anhydride (1.6 g) were mixed and fwo
drops of orthophosphoric acid.(SS%) was added to it. The mixture wasb
stirred vigorously and the heat generated was removed by cooling. Gradually
the reaction mixtufe acquired a dark red colour. -It was then heated to
60-65° and maintained at this temperature for 2 hr. The reaction mixture
was then cooled and stirred with water (2 ml) for 1 hr. The dark organic
layer:was separated and again stirred with saturated sodium carbonate |
solution (5 ml) for 24 hr. It was then washed thoroughly with water,
extracted with ether (2 x 5 ml) and dried over magnesium sulfate. The
solvent was removed uﬁder reduced pressure and the residual reddish brown
oil,dbtained was distilled in vacuo in a hot box. A coiourless fragrant .
liquid (0.5 g) was collected, b.p. 125-30°/25 mm;‘ Infrared spectrum (film)
of thé producf showed double carbonyl absofption k& 1700 cm_l). Examination
of this material by v:p.c. using a FFAP column (172°) indicated that if‘_‘
was a mixture of two coﬁpoundsin the ratio 70:30,:with reténtion times 1.8
and 2.8 minutes respectively. These were separated by v.p.c. using a FFAP
column (172°). The major component was charactefized as 2-§fopiony1f3—
methylfuran (121), b.b; 77-80°/5 mm. Vnax (film): 1670 (=C-C=0), 1505

(=C-0- of furan), 881 (most characteristic of»fufans) cm—l.. Amakz 278, 230mp



- 69 -

N.m.r. signals: 8.85 (triplet, 3H,‘C§_—CH2;), 7.65 (Singlet, 3H, C-3 CH

3
-CHS), 3.65 (doublet, J

5>

7.2 (quartet, 2H, -CO-CH = 2.5, 1H, C-4 H), 2.65 ;?

) 4,5
(doublet, J4,5 = 2.5, C-5 H). Mass spectrum: M.W. 138; base peak, m/e 109;"
main peak, 138. Found: C, 69.71; H, 7.27, Caled. for C8H1002 C, 69.56;.

H, 7.24.

‘The second component was characterized as 2-propionyl-4-methylfuran

(122), b.p. 78-82°/5 mm. v (film): 1675, 1505, 880 cm_l.. Mgy 280,

230. N.m.r. slgnals: 8.85 (triplet, 3H, CH CH =), . 7. 9 (singlet, 3H,

—3
C-4 CH3)’ 7.2 (quartet, 2H, -CO—CEQ—CHS), 3.05 (singlet, 1H, C-3 H), 2.75
(broad singlet, 1H, C-5 H) ‘Mass spectrum:';M.W. 138, base peak, m/e’}09;
main peak,,m/é 138. Found c, 69.68; H, 7.26. Calcd. for C8H1002 C,
69.56; H, 7.24. |

Methyl-s,S-dimethoxy-Srmethyl-Z,3—epoxypentanoate (123)

vThis compound was prepared éccording to the procedure due to Burness72

and the experimental details are as follows: A mixture of 4,4-dimeth6ky—2—
“butanone (61.0 g, 0.5 mole), methyl chloroacetate (87.0 g, 0.8 mole) and
anhydrous ether (400 m1) was placed in a 1 1. 3-necked flask. The solutioﬁ
was cooled in ice-salt bath fo —iO°. Freshly prepared sodium methoxide
(43.0 g, 0.8 mole) was" gradually added to the stirred solution at such a.
rate that a temperature below -5° was ma1nta1ned (about 1.5 hr ). The
mixture was stirred for an additional 2 hr. and then allowed to come to room
temperature overnight. It was cooled again to 0° and méde slightly acidic
by the addition of a soiution of acetic acid (5 ml in 75 mlg.water). The
ether was decanted and éhe_feéidual slurry was fﬁrtﬁef e&tréctéd (3 i-lOO ml

ether). The combined ether solutions were washed free of acid with saturated
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sodium bicarbonate solution and finally with saturated sodium chloride
solution. It was then dried over magnesium sulphate. Removal of the
solvent under reduced pressure afforded a near quantitative yield of the
érudé glycidic ester (95.0 g) b.p. 110-120°/8 mm. (lit. b.p. 113-122°/8 mm.).-
The material thus obtained was found to be essentially pure (v.p.c.) and

was used in the following experiment without further purification.

Methyl-3-methy1-2-furoate (124)

Methyl-3-methyl-2-furoate was prepared according to a known procedure72

and fhe details are as follows:  The crude glycidic ester prepared as’
described above was placed in a 250 ml flask which was attached to a 50 cm
Vigreux column and héated in an oil bath. When the temperature reached
about- 120°, methanol began to distil. Heating was continued until the
distillation of methanol ceased. The crude methyl-3-methyl-2-furoate thus
" obtained was distilled under reduced pressure b.p. 72-78°/8 mm. The esfer
(46.0 g)vcollected'in the receiver as a colourless prystalline solid, m.p.
35°.. Shining prisms from ethanol, m.p. 36° (lit. m.p. 36.5°-37°). v

max

- (chloroform): 1725 (COOCHS), 880 cm—1 {characteristic of furan). -Amax:
252 mu. N.m.r. signals: 7.65 (singlet, 3H, C-3 CHS)’ 6.2 (singlet, 3H, .-
-COOCHS), 3.68 (doublet, J = 2.0, 1H, C-4 H), 2.6 (doublet, J = 2.0, 1H,

C-5 H). Mass spectrum: M.W. 128.

Methyl-3-methyl-5-propionyl-2-furoate (125)

Methyl-3-methyl-2-furoate 25.6 g, 0.2 mole) was dissolved in propionic
anhydride (75 ml) and. orthophorphoric acid (7.0 g) was added to it with
vigorous stirring. The heat generated was removed by cooling with ice.

The reactibn mixture was then stirred at 65-70° for 48 hr. It was then
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. cooled and stirred into water. The dark brown organic layer was extracted
with chloroform and the chloroform extract was washed with bicarbonate

solution until neutral to litmus and dried over sodium sulphate. The

solvent was distilled off under reduced pressure. The unreacted starting

materials were removed by distillation in vacuo and the semi-solid residue

was distilled using solid distillation apparatus at 120°/0.3-4 mm. A

pale yellow crystalline material was collectéd in the receiver (23.5 g), m.p.
169;111°. It was recrystallized from aqueous ethanol (70%),‘cblour1ess |
shining needles, m.p. 113-114°. Viax (chloroform): 1745 (-COOR), 1700
cm‘li( >C=0). -Amax: 280, 285 (sh), 212 mp. N.m.r. signals: 8.8 (tripletf
SH,_-CHZ-CES), 7.65 (singlét, 3H, C-3 CHS)’ 7.2 (qﬁartet, 2H, -CO—CEQ—),

6.1 (singlet, 3H, —COOCHS); 3.0 (singlet, 1H, C-5 H). Mass spectrum: M.W.'
196;‘Base peak, m/e 167; main peaks, m/e 196, 167,>138, 123, 109. Found:.

C, 61.01; H, 5.97. Calcd. for C10H1204: C, 61.22; H, 6.12. -

3-Methyl-5-propionyl-2-furoic acid (126)

’A'solution of methyl-3-methyl-5-propionyl-2-furoate (125, 9.8 g) in
aqueous sodium‘hydroxide (10%, 100 ml) was heated under reflux for l.SthQ
The solution was then cooled and écidified with concentrated hydrochlofic
acid and stirred for a few minutés. The product which separated as a brown
~ granular solid was colieqted‘by filtration. It was washed with a littlé
iCe-qold water and dried in vacuo. :Crystallization from methanol affofded‘
pale yellow shining prisms (7.6 g), m.p. 179-181°. The compound was found
to be pure by t.l.c. e#amination. vmak {chloroform): 270072500 k—COOH),,

1

1765 (-COOH), 1700 cm © ( >C=0). A 282, 212 mﬁ. N.m.r. signals:; 8.8

max’

(triplet, SH;'CES—CHZ—), 7.6 (singlet, 3H, C—3 CHS)’ 7.0 (quartet, 2H,-
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2

-CH,-C0-), 2.85 (singlet, 1H, C-4 H), -0.2 (singlet, 1H, -COOH). ' Mass s
.spectrum: M.W. 182; base peak  m/e 137. Found: C, 59.21; H, 5.50.

Calcd for C9H1004 C, 59.33; H, 5.49.

2-Propiony1-4-methy1furan (122)

A mixture of 3-methyl-5-propionyl-2-furoic acid (9.1 g, 0.05 mole),
anhydrous quinoline.(ZO ml) and powdered copper (2.0 g) was héatedigoo-'
210° under nitrogen atmospheré for 3 hr. The evolution of carbon dioxide -
ceased by thié time and the reaction mixture was extracted with chloroform
(50 m1). The chloroform ektract was filtered to remove the copper powder
and washed successively with 1 N hydrochloric acid (3 x 50 ml) and water
(100 m1) and finally with sodium bicarbonate solution until neutral to
litmus. It was then dried over sodium sulphate and the solvent was distilled
off under reduced pressure. The residual dark oil was distilled using a
short fractionating coiﬁmn. The fraction boiling at 78-82°/5 mm. was 
" collected as a colourless fragrant liquid (5.4 g). Examination of the
compound by t.l.c. and v.p.c. indicated that it was pure. The physical-

and spectral data of the compound were identical with those of 122 obtained

by the propionylation of 3-methylfuran.

2—Ethy1—5-methy1—3-hydroxypyridine (78)

'2-Propiony1—4—methy1furan (122, l.O g) and aqueous ammdnia (11 N; 25 ml)
were heated in a sealed tube f6r>20 hf 65 The reaction hixture was
f11tered off the residual solid matter and the flltrate was evaporated to
dryness under a stream of nitrogen. The re51due was extracted with chloro-
form and dried. The solvent was removed under reduced pressure and the

dark brown semi-solid residue distilled 150°/0.3-5 mm. in a hot box. . A

smali'quantity of pale yellow liquid collected in the receiver soon
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solidified into'shining prisms (202 mg), m.p. 140-144°. Crystallization

from chloroform provided an analytical sample, colourless shining prisms,

60

m.p. 145-147° (1it. " m.p. 143-144°). Vhax (chloroform): 3215 (hydroxyl), :-

1590 (pyridine) em™ . A (log e): 287 (3.95), 225 (sh) mu. N.m.r.
signals: 8.75 (triplet, 3H, CES_CHZ_)’ 7.8 (singlet, 3H, C-5 CHS)’ 7.1

(quartet, 2H, —C§2—CH3), 2.9 (singlet, 1H, C-4 H), 2.1 (singlet, 1H, C-6
H), 1.0 (multiplet, 1H, C-3 OH). Mass spectrum: M.W.: 137, base peak m/e'
121; main peaks m/e 136, 94, 93. Found: C, 70.11; H, 8.10. Caled. for
CSHIINO: C, 70.07; H, 8.02.

This experiment was repeated several times to obtain sufficient

quantity of the S-hydrdxypyridine (78) required for subsequent studies.

2-Ethyl-3-0-benzyl-5-methylpyridine (127)

2-Ethyl-5-methyl-3-hydroxypyridine (274 mg, 0.002.mole) was dissolved
in aqueous sodium hydroxide (5%, 10 m1) and benzyl chloride (240 mg, 0.002
mole) was added to it. The mixture was heated at 100° for.2.sbhr. Dﬁriﬁg
this time the benzyl chloride gradually dissolved and a pale yelldw oil
separated i; the flask. The reaction mixture was cooled and extracted
with chloroform (2 x 10 mlj. The chlqroform extract was washed ﬁith»wgter
until neutral to litmus and dried over sodium sulphate. The:residualaéil
obtained after the removal of the solvent was distilled.ig_xgggg, A
colourless oil collected in the receiver (228 mg), b.p.-118—120°/0.4-5 mm.
~ Thin layer chromatography on alumina indicated that the compound was pure.
The spectral data of the compound agreed with the structure.ié7.. Vhax (film):
1595 (pyridine),1270, 1050 (ether) em™t. A _: 285, 225 (sh) mu. Nom.r.

max

signals: 8.8 (triplet, 3H, Cﬂ5~CH2-), 7.75 (singlet, 3H, C-5 CH3), 7.2
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(quartet, 2H, -CH,-CH,), 5.0 (singlet, 2H, -0-CH,-C/H.), 3.15 (singlet, 1H,

C-4 H), 2.65 (singlet, SH, C6H5—CH2-O-), 2.1 (singlet, 1H, C-6 H).

2-Ethyl-3-methoxy-5-methylpyridine (128)

A solution of 2-ethyl-5-methyl-3-hydroxypyridine (2.74 g, 0.02 mole)
in methanol (40 ml) containing 10% water was chilled in an ice-salt bath. .

To this was added a solution of diazomethane73’81

(4.2 g, 0.1 mole) in
ether (175 ml) with constant swirling, from a dropping funnel, the stem>of
which projected béiow the surface of the liquid. A brisk effervescenée
accompanied the addition which was interrupted several times in order to
boil dff the accumulated ether. The latter procedure ser?es to keep the
polarity of the solution at a maximum. After being allowed to stand overnight;“
the methanolic solution was acidified with hydrochloric acid and moét‘bf the
ether and methanol removed by concentration on the steam bath. The result-
ing syrup was diluted with water and the solution exhausted with ether. .
It was then alkalized with sodium hydroxide pelléts dnduagain extracted
with ether (3 x 100 ml). This second extract was dried éver potassium
carbonate; the ether removed by distillation and the residual oil distilled
in vacuo. The product (2.01 g) was a colourless oil, b.p. 100°/10 mm.

Some of the sfarting material was recoverable by the following procedure: =
The alkaiine solution after exhaustion with ether was neutralized and
evaporated to dryness followed by extraction with chloroform. Removal of
~ the chloroform afforded a dark brown solid (480 mg) which was identified
as 2-ethyl-5-methyl-3-hydroxypyridine (78). |

The methyl ether was characterized as follows: Vnax (film); 1598, 1560

(pyridine), 1265, 1050 (ether) em L. A (log €): 283 (3.86), 2.25 (sh) mu.
~ max /
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N.m.r. signals: 8.8 (triplet, 3H, CES—CHz-), 7.7 (singlet, 3H, C-5 CHSJ,

7.25 (quartet, 2H, —CEQ-CHS), 6.25 (singlet, 3H, —OCHS), 3.2 (singlet, 1H,

C-4 H), 2.15 (singlet, 1H, C-6 H). Found: C, 71.47; H, 8.64: Calcd. for -

C9H13N0:' C, 71.52; H, 8.60.

23-Methoxy-22,27-iminojerva-12(13),22,24,27-tetraene-38,17-diol(s) (130)

An_ether solution (7.0 ml) of 2.0 M methyl 1ithium was added to anhydrous
getréhydrofuran (50 m1) in a dry round bottom flask which had‘been flushed
with nitrogen. A solution of 2.0 M 2-ethyl-3-methoxy-5-methylpyridine (6;9
hi) was added iﬁmediately and the mixture refluxed for 1 hr. A deep red
colour slowly developed in the solutidn. It was then cooled and 38-acetoxy-
Sa—etiojerv—lz(13)—en-17—oﬁe (80) was added asva fine powder until the
colour faded (800 mg). The mixture was stirred under reflux forla period
of 20 min. Saturated ammonium‘chloride solutioﬁ {20 ml) was added cautiously
‘while the mix@ure was still under nitrogen. Ether (50 ml) was added to the
reaction mixture and the érganic phase washed with water prior-to dryihg
over sodium sulphate. Evaporétion.of the solvent'ig_xgggg_gaQe a pale
yeildw 0il (1.1:g) which appeared primarily as one spot when examined by
thin-layer chfomatography (Canary yellow spot when the chromatoplate is
deveioped with antimony pentachloride-carbon tetrachloride spréy reagent).
Column chromatography on alumina (SS g, act. III) eluting with 50% Ligfoin
in benzene removed the unreacted pyridine (128).V<Continued elution with
‘benzenevremoved thé unreacted enone (80). The desired‘condensation product
wasfelutéd with 5% chloroform in benzene. Evaporation of tﬂé solvent-
afforded 23-methoxy-22,27-iminojerva-12 (13,22,24,27-tetraene-38,17-diol(s)

as a pale yellow oil which crystallized from 5% chloroform in ether (700 mg),
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m.p. 209—214°. The spectral data indicated that the product iS a mixture of

two compounds df gross structure 130. Vnax (chloroform): 3275 (hydroxyl), - -

1595 (pyridine) cm_l. ‘Amax (log €): 283.5 (3.86)_mu. N.m.f, signals;"9.22  o
(singlet, 3H, C-19 CHS)’ 8.84, 8.81 (two overlapping doublets»Jzo,21 =

7.0, 3, C-21 CH;), 6.24, 6.21 (two singlets, 3H, -0CH,), 3.10 (singlet, 1H,

C-24 H), 2.04 (singlet, 1H, C-27 H). Mass spectrum: M.W. 421; base peak

m/e 406; main peaks m/e 421, 288.

AcétYlatibn of 23—methoxy—22,27—iminojerva—12(13),22,24,27—tetraene-38,17—.
diols (130) B
‘A mixture of acetic énhydfide_and pyridine (1:1, 5 ml) was added to the
condensation product (130, 390 mg) obtained in the above experiment and
1eft,overnight'at.room temperature. The solution was then poured into
crushéd ice and the resultant oil was ektracted with ether (3 x 20 ml). The
combined ether extracts were washed with saturated sodium bicarbonate solu-
tion and several times with water before drying over sodium éulphate.‘wThe
solvent was distilled off iE.XEEEQ.When a pale yellow semi-solid residue
(330‘mg) was obtained. T.l.c. examination of the product revealed the
'preseﬁce of two compounds with very different Rg values. The less polar
compound appeared as an orange yellow spot when theéchroﬁatoplate wa§
developed with antimony‘pentachioride reagent, whilgt the second'componént
appeared as a canary yeliow,spot. This product-mixture of acetates was
separated by column chrématography on alumina (30 g,'act.‘III). Elutigﬂ |
with benzene afforded the less polar coﬁpound (designated'as“compound "B
‘in essentially pure state (125 mg). Further elutioh with 5% chloroform |

afforded the second component (designated as compound ”A"), (191 mg). .
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_An analytical sample of "A" was prepared by crystallization from 5%
chloroform in ether. Colourless shining prisms were obtained m. P- 181;182°;E

' Investlgatlons on compound ”A" indicated that it has the structure 131, as

expected. - vﬁii: 3280 (hydroxyl), 1712 (acetate), 1600 and 1565 (pyrldlne)

em ! A (log €): 284 (3.86) mu. Num.r. signals: 9.22 (singlet, 3H, C-19,

CH,) 8.82 (doublet, J = 7.0, 3H, C-21 CH,), 8. 79 (singlet, 3H, C-18

20,21
CH ), 8.0 (singlet, 3H, OCOCHS), 7.7 (singlet, 3H, C-26 CH ), 6.22 (51ng1et

3H, OCHS), 3.90 (broad multiplet, disappears on DZO.addltlon? 1H, C—17YOH),
3.08 (singlet, 1H, C-24 H), 2.0 (singlet, 1H, C-27 H). Mass spectrum: M.W.
463; base peak m/e 330; main peaks m/e 448, 288, 255, 146. High resolution

-mass spectrum. Found: - 463.308. Calcd. for C30H43NO4 (-H O): -463.308. Anal,.

Found:: C, 74.65; H, 8.97. Calcd. for C30H43NO4 C, 74.84;H, 8. 94.

Compound "B" on the other hand could not be induced to crystallize.
An analytical sample of this mater1a1 was prepared by subllmlng a 'small
'amount of "B" at 170° /0.2 mm., when a colourless glassy solid was obtalned

The. spectral and analytical data for this compound was consistent with a

structure, 132. vﬁii: 1715 (acetate), 1595, and 1565 (pyridine) cm-1

x (log €): 283.5 (4.03); N.m.r. signals: 9.08 (singlet, 3H, C-19 CHS)’

8.45 (doublet, J = 7.0, 3H, C-21 CH;), 8.0 (singlet, 3H, OCOCH

3) 3
and C-26 CH;), 6.3 (singlet, 3H, C-23 OCH,),

20,21

7.7 (singlet, 6H, C-18 CH,

3.05 (AB quartet, J15 16 = 7-0, 2H, C-15 H and C-16 H), 3.16 (singlet, 1H,

C-24 H), 2.0 (singlet, 1H, C-27 H). Mass spectrum: M.W. 461; base peak .
m/e 432; main peaks m/e 461, 446, 298, 150, High resolution mass spectrum

found: 461.291. Calcd for C30H39NO3 461.293. Anal. Found: C,‘77.78;

H, 8.47. Calcd. for C30H39NO3 C, 78.09; H, 8.45.
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38-Acetoxy-23-methoxy-22,27-iminojerv-12(13),14(15),16 (17),22,24,27-hexaene:

Compound "C"

-Compound "A'" (131, 150 mg) was thoroughly ground with 10% palladized
charcoal (37 mg) until a homogenedus powder was obtained. This powder
was héated at 200° under nitrogen for seven minutes and the resultant solid
residue washed several times with chloroform. Thin-layer chromatography of
the chloroform extract indicated that the product contained three major
componentsiand these were separated on preparative thin-layer plates (20 x
20 cm; 0.4 mm., chloroform). One of thesebthree compdnents was shown to",
be 2—éthy1—S—methoxy~S—methylpyridine (128)>by n.m.r. The second band on.
extraction-yielded a light oil which crystallized frgm acetone-petroleum
ether as needles, m.p. 167°. This compound was identified as 3g-acetoxy-5a-
etiojerv-12(13)-en-17-one (86) by its ultrgviolet spectrum and mixed m.p.
with an authentic sample. The third component which appeared as a light
orange yellow spot when the chromatoplate was developed with antimony
pentachloride-carbon tetrachloride reagent was extracted to yield a light
oil which could not be induced to crystallize. An analytical sample of
this compound, designafed as compound "C'" was obtained as a clear glass
aftey sublimation at 170°/0.1_mm. Spectral data indicated that this

KBr

compound possessed structure 133. Voax: 1712 (acetate), 1595, 1565 (pyri-.

dine) em™ L) Aoy (108 €): 283.5 (4.04). N.m.r. signals: 9.07 (singlet,

3H, C-19 CHS)’ 8.4 (doublet, J = 7.0, C-21 CHS)’ 8.0 (singlet, 3H,

20,21

OCOCHS), 7.74 (singlet, 6H, C—lé CH, and C-26 CHS)’ 6.3 (singlet, 3H, OCHS),

3

3.0 (AB quartet, J = 8.0, C-15 H and C-16 H), 3.1 (singlet, 1H,

15,16
C-24;H), 1.92 (singlet, 1H, C-27 H). Mass spectrum: M.W. 461; base peak
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m/e 432; main peaks m/e 461, 446, 298, 150. High resolution mass spectfum,

found: 461.293; calcd. for C30H39N03: 461.293. Anal. found: C, 77.80;

H, 8.46. Calcd. for CSOHSQNOS: C, 78.09; H, 8.45.

N-Benzyl-2-ethyl-3-methoxy-5-methylpyridinium bromide (138)

Benzyl bromide (250 mg, 0.0015 mole) was added to a solution of 2-
ethyl-3-methoxy-5-methylpyridine (151 mg, 0.001 mole) in benzene (15 ml)
and the mixture refluxed for 12 hr. The colourless crystals separated
were filtered, washed with benzene and dried (255 mg), m.p. 198-201°. Amax:
293, 228 (sh), 212 (sh). |

75,76

Sodium borohydride reduction of N-benzyl—2—ethy1—3-methoxy—5—methy1—

pyridinium bromide

The pyridinium salt (138, 161 mg) was dissolved in water (5 ml) and "
cooled in an ice-salt bath. A solution of Sodium”borohydride (22 mg) and
sodium carbonate (110 mg) in water (3 ml) was added to it slowly while
stirring. The mixtﬁre,was kept étirred for 10 min. and then extracted
with chloroform (3 x 10 ml1). The combined extracts_were dried and evéporat—
ed ' to give a pale yellow oil (110 mg). T.l.c. examination of fhe product
showed the presence of two compounds in approximately equal améunts. This
material was discerned to be a mixture of the dihydropyridines 139 and 140.

”max' 1650’,1600’.725 cm (-C=C-C=C-). Amax' 260, 227, 215 (sh).

N-Benzyl-S—methy1-6-ethy1—5—oXo-A3—tetrahydropyridine (141)
The mixture of dihydropyridiﬁes (100 mg) obtained in the above experi-
ment, without further purification was dissolved in 12 N hydrochloric‘acid

(1 ml1) and stirred under nitrogen at 0° for 75 min. The acid was neufralized
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with sodium bicarbonate solution and the product extracted with chloroform
,tS x 5ml). The éhloroform extract was dried and evaporéted in vacuo when a
Aiight red oil was obtained (85 mg). T.l.c. examination of this material
showed the presence of two compounds. These were separated by preparative
 t.l;C. on neutral alumina (20 x 20 cm, 0.4 mm, chloroform). The less polar
compound (20 mg) was characterized as 141 on the basis of its spectral data.
vmax (fi1m): 1680 cm-? (=C¥C=0)< Apax’ 335 (sh), 300, 225 (sh).

‘The second compoﬁént (55 mg) was characterized as 2~ethyi—3—methoxy—5—
methylpyridine (128) on the basis of its n.m.r. and infrared spectra (super-

imposable with those of an authentic sample.)

5a,6~Dihydroveratramine (18)

“A solution of compound "B'" (45 mg) in 95% ethanol (10 ml) contaiﬁing
% of 12 N hydrochloric acid was stirred Qith Adam's catalyst (PtOz, 20 mg)
at‘20f for 18 hr. The mixture was filtered to remove the cataiyst which |
was carefully washed with additional ethanol (5 ml). The combined extracts
were neutralized with sodium bicarbonate solution and then reducéd the
volume to 2 ml in vacuo. It was diluted with water;and extracted with
chloroform‘(S x 10 ml)‘prior to drying over'sodium sulphate. Thin-layer
chfomatography on silica gei G (6% methanol in chlofoform) revealed the
pfesence 6f three major compounds. Tﬁe two less polar components had.
similar Rf values, whilst the third compound had Rf value identical with
that of Sa,6—dihydroveratramine.’ Besides these three compounds, there
were several other compounds present in the product-mixture.in trace amounts.
The three major components were separated by preparative thin-layer chromato-

[+)

_ graphy on neutral alumina (20 x 20 cm, 0.4 mm., 3% methanol in chloroform,
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plates developed three times). Extraction of the bands followed by the
ﬁsual work-up afforded the two less polér compounds as pale yellow oils.
The third compound with Rf value‘corresponding‘to that of 5a,6-dihydro-
veratramine was bﬁtained crystalline from 5%.methanol in chloroform.
Colourless fluffy crystals ﬁ8 mg), m.p. 198°. This material was characfer—
ized as 59,6-dihydroveratramine; undepressed m.p. and superimposable |

infrared spectrum with an authentic sampleso’77

were obtained.

The two less polar components obtained (17 mg and 13'mg respectively)
wereyfoﬁnd to be very unstable and hence no detailed investigation of these
was carried out. A preliminary examination of the n;m.r. speétra revealed
that the pyridine ring was only partially reduced in both the compounds
(signals at 3.8 and 4.2) whilst the;23—methoxyi group was intact (signal

at 6.3).



10.
11.
12.
13.
14.
15.
16.

S 17.

- 82 -

"~ BIBLIOGRAPHY

L.F. Fieser and M. Fieser, ''Steroids', pp.  867-895, Reinhold Publishing
Corp.; New York, 1959. |

H.G. Boit, "Ergebnisse der Alkaloid-Chemie bis 1960", pp. 798-832,
Akademie-VerLag,.Berlin; 1961.

C.R. Narayanan in "Piogress in the Chemistry of Organic Natural
Products'" (L. Zecﬁmeister ed;) vol. XX, pp. 298-371, Springer-Verlag,
Vienna, 1962. ‘

S.M. Kupchan and A. By in '"The Alkaloids" (R.H.F. Manske ed.) vol. X,‘
pp. 193-280, Academic Press; New York, 1968.

S.M. Kupchan, J.H. Zimmerman and A. Alfonso, Lloydia, 24, 1 (1961).

S.M. Kupchan and W.E. Flacke in ”Antihyperténsive.Agents” (E. Schlittler

ed.) pp. 429-458, Academic Press, New York, 1967.

P.D. Baker. Southern Med. and Surg., 15, 4 (1859).

W. Poethke, Arch. Pharm., 275, 571 (1937).

L;C. Craig and W.A. Jacobs, J. Biol. Chem., 143, 427 (1942).

0. Krayer and G.A. Acheson, Physiol. Rev., 26, 383 (1946).

J.H. Currens, G.S. Myers and P.D. White, Am. Heart J., 46, 576 (1953).

J. Fried and A. Klingsberg, J. Am. Chem. Soc., 75, 4929 -(1953).

F.C. Chang and R.C. Ebersole, Tetrahedron Letters, 3521 (1968).

H. Mitsuhashi and Y. Shimizu, Tetrahedron, 19, 1027 (1963).

jas)

. Mitsuhashi and K. Shibata, Tetrahedron Letters, 2281 (1964).

T. Maéamune, M. Takasugi and Y. Mori, Tetrahedron Letters, 489 (1965).

D.M. Bailey, D.P.G. Hamon and W.S. Johnson, Tetrahedron Letters, 555

(1963).



18.

19.

20.

21.

.22,

23,
24.

25.
26.
27.

28.

29.

30.

31.

32.

33.

- 83 -

J. Sicher and M. Tichy, Tetrahedron Letters, 6 (1959).

S. Okuda, K. Tsuda, and H. Kataoka, Chem. and Ind. (London),

521 (1961).
J.W. Scott, L.J. Durham, H.A.P. de Jongh, U. Burckhardt ‘and W.S.

Johnson, Tetrahedron Lettérs, 2381 (1967).

R.L. Augustine, Chem. and Ind. (London), 1448 (1961).

T. Masamune, I. Yamazaki and M. Takasugi, Bull. Chem. Soc.J(Tokyo),

39, 1090 (1966).

H. Paulsen and K. Todt, Angew. Chem. int. ed., 5, 899 (1966).

H. Paulsen and K. Todt, Chem. Ber., 100, 3385 (1967).

G.N. Reeke, R.L. Vincent and W.N. Lipscomb, J. Am. Chem. Soc. 90,
1663 (1968).

S.M. Kupchan and M.I. Suffness, J. Am. Chem. Soc., 90, 1663 (1968).

0. Wintersteiner and M. Moore, Tetrahedron, 20, 1947 (1964).
T. Masamune, A. Murai, H. Ohno, K. Orito and H. Suginome, Tetrahedron
Letters, 255 (1969).

T. Masamune, K. Orito and A. Murai, Tetrahedron Letters, 251 (1969).

T. Masamune, K. Kobayashi, M. Takasugi, Y. Mori and A. Murai,

Tetrahedron, 24, 3461 (1968).

-J. Tomko and S. Bauer, Coll. Czech. Chem. Comm., 29, 2570 (1964)..

J. Tomko, A. Vassova, G. Adam, K. Schreiber and E. Hohne, Tetrahedron

‘Letters, 3907 (1957).

G. Adam, K. Schreiber, J. Tomko, Z. Voticky and A. Vassova, Tetrahedron

‘Letters, 2815 (1968).



34.

35.

36.

37.

38.
39.
40.

41.

42.

43.
44,
45.
46.
47.

48.

49.

50.

-84 -

(a) J. Tomko, A. Vassova; G. Adam and K. Schreiber, Tetrahedron, 24,

4865 (1968); (b) J. Tomko, A. Vassova, G. Adam, and K. Schreiber,

Tetrahedron, 24, 6839 (1968).

E.

Hohne, G. Adam, K. Schreiber and J. Tomko, Tetrahedron, 24, 4875

(1968).

S.M. Kupchan and C.I. Ayres, J. Am. Chem. Soc., 82, 2252 (1960).

L.C. Weaver, W.R. Jones and S.M. Kupchan, J. Pharm. Sci., 51, 1144

(1962).

S.M. Kupchan, W.S. Johnson and S. Rajagopalan, Tetrahedron, 7, 47 (1959).

W.T. Eeles, Tetrahedron Letters, 24 (1960).

M.

Fukuda, Nippon Kagaku Zasshi, 69, 165 (1948), C.A., 46, 4555 (1952).

T.Q. chou and K.K. Chen, Chinese J. Physiol., 6, 265 (1932). C.A., 26,

5708 (1932).

H.

Morimoto and S. Kimata, Chem. and Pharm. Bull. (Tokyo), 8, 302

(1960) .

S

H.

S.

S.

S.

T.

. Ito, M. Kato, K. Shibata and T. Nozoe, ibid., 9, 253 (1961).

Morimoto and S. Kimata, ibid., 8, 871 (1960).
Ito, M. Kato, K. Shibata and T. Nozoe, ibid., 11, 1337 (1963).

Ito, Y. Yoshimasa and T. Okuda, Tetrahedron Letters, 5373 (1969).

Ito, J.B. Stothers and S.M. Kupchan, Tetrahedron, 20, 913 (1964).

Masamune, N. Sato, K. Kobayashi, I. Yamazaki and Y. Mori,

Tetrahedron, 23, 1591 (1967).

N.

S. Bhacca and D.H. Williams, "Applications of N.M.R. Spectroscopy

in Organic Chemistry'", p. 14, Holden-Day, San Franéisco, 1964.

A.

T. Cohen, D. Rosenthal, G.W. Krakower and J. Fried, Tetrahedron, 21,

3171 (1965).



51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

- 85 -

T. Masamune, M. Takasugi, A. Murai and K. Kobayashi, J. Am. Chem. Soc.,

89, 4521 (1967).
W.S. Johnson, H.A.P. de Jongh, C.E. Coverdale, J.W. Scott and U.

Burckhardt, J. Am. Chem. Soc., 89, 4523 (1967).

Y. Mazur, N. Danieli and F. Sondheimer, J. Am. Chem. Soc. §2, 5889

(1960).

W.S. Johnson, J.M. Cox, D.W. Graham and H.W. Whitelock, Jr., J. Am.
Chem. Soc., 89, 4524 (1967).

W.S. Johnson, N. Cohen, E.R. Habicht, D.P.G. Hamon, G.P. Rizzi and

D.J. Faulkner, Tetrahedron Letters, 2829 (1968).

P.W. Schiess, D.M. Bailey, W.S. Bailey and W.S. Johnson, Tetrahedron -
Letters, 549 (1963). |

J.P. Kutney, J. Cable, W.A.F. Gladstone, H.W. Hanssen, E.J. Torupka

and W.D.C. Warnock, J. Am. Chem. Soc., 90, 5333 (1968).
For the revised tentative rules for the nomenclature of steroids, see
Steroids, 13, 277 (1969).

W.A. Jacobs and Y. Sato, J. Biol. Chem., 191, 71 (1951).

W.A. Jacobs, L.C. Craig and G.I. Lavin, J. Biol. Chem. 141, 51 (1941).

T. Masamune, Y. Mori, M. Takasugi, A. Murai, S. Ouchi, N. Sato and

N. Katsui, Bull. Chem. Soc. (Tokyo), 38, 1374 (1965).

B.M. Iselin, M. Moore and O. Wintersteiner, J. Am. Chem. Soc. 78, 403
(1956).

H. Mitsuhashi and K. Shibata, Tetrahedron Letters, 2281 (1964).

W.F. Johns and I. Laos, J. Org. Chem., 30, 123 (1965).

W. Gruber, Can. J. Chem., 31, 564 (1953).




66.
67.

68.

69.
70.

71.

72.

73.

74.

75.

76.
77.
78.

79.

80.

81,

- 86 -

1.J. Rinkes, Rec. trav. Chem., 49, 1118 (1950).

H. Gilman and R.R. Burtner, J. Am. Chem. Soc., 55, 2903 (1933).

T. Reichstein, H. Zschokka and A. Georg, Helv. Chim. Acta, 14, 1277

(1931).

J.W. Cornforth, J. Chem. Soc., 1310 (1958).

J.W. Cornforth and M.Firth, J. Chem. Soc., 1098 (1958).

P. Bosshard and C.H. Eugster in "Advances in Heterocyclic Chemistry"
vol. VII (A.R. Katritzky and A.J. Boulton ed.), p. 396, Academic Press,
New York, 1966 and references therein.

D.M. Burness, in ”Qiganic Synthesesﬁ vol. 39 (M. Tishler ed.), p. 49,

John Wiley and Sons, Inc., New York, 1959.

L. Marion and W.F. Cockburn, J. Am. Chem. Soc., 71, 3402 (1949). .

R.L. Augustine, 'Catalytic Hydrogenation - Techniques and Applications
in Organic Synthesis" pp. 104-105, Marcel Dekker Inc., New York, 196S.
G. Buchi, D.L. Coffen, K. Koesis, P.E. Sonnet and F.E. Ziegler,

J. Am. Chem. Soc., 88, 3104 (1966).

D.L. Coffen, J. Org. Chem. 33, 137 (1968).

K. Saito, Bull. Chem. Soc. (Tokyo), 15, 22 (1940).

Donated by Smith, Miller and Patch Inc., and Syntex S.A.; Mexico.

R. Hirschmann, C.S. Snoddy, C.F. Hiskey and N.L. Wendler, J. Am. Chem.
Soc., 76, 4013 (1954)T |

H. Brockmann and H. Schroeder, Chen. Ber., 74, 73 t1941).

For the preparation of diaiomethane, see Th. J.'de Boer and H.J.,

Backer, Rec. trav. Chim, 73, 229 (1954).




