IOWA STATE UNIVERSITY

Digital Repository

) . . Towa State University Capstones, Theses and
Retrospective Theses and Dissertations y-ap ' .
Dissertations

1962

Chemical transformations in the field of indole

alkaloids

Robert Lin Sung Amai
Towa State University

Follow this and additional works at: https://lib.dr.iastate.edu/rtd
b Part of the Organic Chemistry Commons

Recommended Citation

Amai, Robert Lin Sung, "Chemical transformations in the field of indole alkaloids " (1962). Retrospective Theses and Dissertations. 1992.
https://lib.dr.iastate.edu/rtd /1992

This Dissertation is brought to you for free and open access by the Iowa State University Capstones, Theses and Dissertations at lowa State University
Digital Repository. It has been accepted for inclusion in Retrospective Theses and Dissertations by an authorized administrator of Iowa State University

Digital Repository. For more information, please contact digirep@iastate.edu.

www.manharaa.com



http://lib.dr.iastate.edu/?utm_source=lib.dr.iastate.edu%2Frtd%2F1992&utm_medium=PDF&utm_campaign=PDFCoverPages
http://lib.dr.iastate.edu/?utm_source=lib.dr.iastate.edu%2Frtd%2F1992&utm_medium=PDF&utm_campaign=PDFCoverPages
https://lib.dr.iastate.edu/rtd?utm_source=lib.dr.iastate.edu%2Frtd%2F1992&utm_medium=PDF&utm_campaign=PDFCoverPages
https://lib.dr.iastate.edu/theses?utm_source=lib.dr.iastate.edu%2Frtd%2F1992&utm_medium=PDF&utm_campaign=PDFCoverPages
https://lib.dr.iastate.edu/theses?utm_source=lib.dr.iastate.edu%2Frtd%2F1992&utm_medium=PDF&utm_campaign=PDFCoverPages
https://lib.dr.iastate.edu/rtd?utm_source=lib.dr.iastate.edu%2Frtd%2F1992&utm_medium=PDF&utm_campaign=PDFCoverPages
http://network.bepress.com/hgg/discipline/138?utm_source=lib.dr.iastate.edu%2Frtd%2F1992&utm_medium=PDF&utm_campaign=PDFCoverPages
https://lib.dr.iastate.edu/rtd/1992?utm_source=lib.dr.iastate.edu%2Frtd%2F1992&utm_medium=PDF&utm_campaign=PDFCoverPages
mailto:digirep@iastate.edu

This dissertation has been 62-2998
microfilmed exactly as received

AMAI, Robert Lin Sung, 1932— .
CHEMICAL TRANSFORMATIONS IN THE FIELD
OF INDOLE ALKALOIDS, '

Iowa State University of Science and Technology

Ph,D., 1962
Chemistry, organic

University Microfilms, Inc., Ann Arbor, Michigan



CHENICAL TRANSFORMATIONS IN THE FIELD OF IKDOLE ALKALOIDS
by

Robert Lin Sung Amai

A Dissertztion Submitted to the
Graduate Faculty in Partial Fulfillment of
The Requirements for the Degree of

DOCTOR OF FHILOSOPHY
kejor Subject: Orgenic Chemistry

" Approved:

Signature was redacted for privacy.

In Charge of.Major Work

Signature was redacted for privacy.

Head of Major Departmenf

Signature was redacted for privacy.

Dear/lof Graduatd College

Iowa State University
Of Science and Technology
; Ames, Iowa

1962



11

TABLE OF CONTENTS

INTRODUCTION .
HISTORICAL .
DISCUSSION .
. EXPERIMENTAL .

Preparation and Chemical Investigations of
Yohimbone N~Oxide . . .

Preparation of perbenzoic acid .
Preparation of standard sodium thiosulfate
solution . . .o
Standardlzation of the perbenzoic acid
'solution . ...
Preparation of yohimbone N-oxide .
Reduction of yohimbone N-oxide .

Zinc and acetic acid method . .
Catelytic hydrogenation method.

Reaction of yohimbone N-oxide with
hydrochloric acid. . . . .
Pyrolysis of yohimbone N-oxide .

Studles of the Methyl p-Toluenesulfonste Salts
of Yohimbine and ¥ -Yohimbine . . . . . . . .

Preparation of methyl p-toluenesulfonate .
Preparation of pseudoyohimbine metho—p-
toluenesulfonate . . .
Preparation of yohimbine metho p-
toluenesulfonate . . . .
Equilibration studies .

—

Preparation of some Ring C-Dehydrogenated
Indole Alkaloid Derivatives . .

Preparation of 3,4,5,6-tetradehydro-
yohimbane perchlorate

Preparation of 3,4,5,6-tetradehydro-18,19-

dihydrocorynantheane perchlorate .

18,19-Dihydrocorynantheane.

70
70
7
71
72
73
73
74

75
75

76
76
76

LA
77
78

78

79



1ii

Ring C dehydrogenation of
18,18-dihydrocorynantheane.

Preparation of 3,4,5,6-tetradehydro-
corynantheildane perchlorate.. . . .

. Ng-ethylations of some Indole Alkaloids.

Preparation of Ng-methylyohimbane.

Preparation of Ng-methyl-18,19-
dihydrocorynantheane . . .

Preparation of Na-methylcorynantheidane
perchlorate . o e e

Preparation of Na-Methyl-3,4,5,6-Tetradehydro
-~  Derivatives of some Indole Alkaloids.

Preparation of Ng-methyl-3,4,5,6-tetra-
dehydroyohimbane perchlorate . . .

From 3,4,5 6—tetradehydroyohimbane
perchlorate . . . .
From Na-methylyohimbane .

Preparation of Ngy-methyl-3,4,5,6-tetra-
dehydro-18,19-dihydrocorynantheane
perchlorate . . .

Preparation of N -methyl—3,4,5 6-tetra—
dehydrocorynantheidane perchlorate .

Degradation Studies on Yohimbone. .

Preparation of trans-2-carbomethoxymethyl-
3-cyanomethyl-1,2,3 4-tetrahydro—12H-
indolo[2,3-a]quinolizine . . . .

Preparation of trans-2 S-diacetoxyeth 1-
1,2,3,4-tetrahydro- 12H-1ndolo[2 3- {
quinolizine . e .

Hofmann Degradation of Yohilmbane
Np-Methohydroxide . . . . . . . . .

Preparation of yohimbane Np-methiodide .

Preparation of yohimbane Np-methohydroxide .

- Hofmann degradation of yohimbane
Np~-methohydroxide. . . .
Catalytic hydrogenation of the Hofmann
degradation product. . . .

Page

80

81

81
8l
83
83

84

84

84
85

86
86
87

87

20

22

92
92

93
93



SUMMARY. . .
BIBLIOGRAPHY .

ACKNOWLEDGEMENTS .

iv

Page
95
96

104



INTRODUCTION

A number of current investigations in the area of alka-
loild chemlstry are coﬂcerned with the stereochehical nature of
alkaloid structures. Although the use of X-ray and molecular
rotation techniques have made possible the assignments of
absolute configurations to a number of alkaloids, among them
the indole élkaloid, yohimbine, it is nevertheless desirable
to determine these configurations through chemical correla-
tions with compounds of known absolute esnfiguration.

It is the purpose of this study to investigate the |
stereochemlistry of some indole alkalold systems by chemical
means. Since the absolute configuration of 18,19-dihydro-
corynantheane is known, it is ﬁo be'employed as an inter-
mediate in 1) the determination of the absolute configure-
tiohs of ajmalline and its 020 epimer, isoajmaline, and 2)
correlation studies between the yohimbine and corynantheine
geries of indole alkaloids. Investigations are to be con-
ducted on the 03 eplmerization of quaternary Nb—salts of
~ yohimbines, and on the degradation of yohimbane to products
of potentlal use in asymmetric synthéses of‘various alkaloid

systems.



HISTORICAL

Recent years have seen a tremendous growth of activity in
the fleld of alkalpid chemistry. Compounds isolated as far
bﬁck as the late 1800's and early 1900's have been under in-
tense 1hvestigation. An incredibly large number of new alka-
loids ;solated during the last several decades sre belng
Btuﬁied for the first time.

It was once considered quite adequate in a chemical in-
vestigation of thls scope to isolate a natural product, char-
acterize it by functional group analyses and degradation
studies, and then propose a reasonable structure for 1t. Due
to recent advancements in chemibal theory, techniques,and in-
strumentation, no current study of an unknown substance 1is
deemed compléte unless there is an unequlvocable proof of
structure advanced by a total laboratofy synthesis of.the
compound. In addition, complete determinations of the
stereochemical configurations of all asymmetric centers, first
the relative and thengéhé absolute, are required before one
can consider thé investigation completed. |

Notable accomplishments toward this final goal in a few
of the areas of alkalold investigations have been made within
the last decade. In 1951, physical proof of the basic struc-
ture of strychnine (I) was provided by Robertson and Beevers
(1) and by Bokhoven et al. (2) on the basis of X-ray analyses.
The absolute configuration of (-) strychnine, as depicted in



I, was determined by further analyses of X-ray diffraction
patterns by Peerdéman and reported in 1956 (3). While no
chemical determination of the absolute configuration of this
alkaloid has thus far been made, ite total synthesis has been
accomplished by Woodward and coworkers (4).

The scope and applications of the techniques of X-ray
analyses have grown tremendously in recent years. Another
area of study to which they have been applied with great suc-
cess 1s the lnvestigation of the morphine alkeloids. The

basic structure of morphine (IIa) was first proposed by

oo
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Gulland and Robinson (5), but it wes not conclusively proven
correct until the total syﬁthesis of the alkalold was first
reported in 1952 (6). 1In 1955, Mackay and Hodgkin reported
the stereochemistry for morphine as depicted in IIa (7).
Their assignments were made on the basis of X-ray analyses
and confirmed the stereochemical assignments initially pfo-
posed by Rapoport and Payne (8). At about the same time, the
stereochemistry of the closelj related alkaloid codeine (IIb),
determined also by X-ray studies, was reported by Lindsey and
Barnes (9). This supported assignments made on the basis of
earller‘chemical studies.

Thé absolute configurations of the morphine alksaloids
have been determined by both physical and chemical means.
Bentley'and Cardwell showed by optical rotation studies that
the‘structure depicted in IIa and not its mirror image repre-
sents morphine (10}- Chepical proof was provided by Kalvoda |
and coworkers who degreded dihydrocodeinone (III) to cis

2-methyl-2-carboxyeyclohexaneacetic acid (IV) of known abso-

0

C H3"'N

COH Co,H

III . IV



lute configuration (11).

In 1955, the absolute configuration of the oné ésymmetflc
center in colchicine (Vb) was reported by Corrodl and Hardegger
(12). Degradative oxidation of colchicine ylelded N-acetyl-L-
glutamic acid (VI) whose absolute configuration may be related
to that of D-glyceraldehyde through the.established correla-

tion of the naturally-occurring amino acids with carbohydrates.

CHy0
CHs0
CH30
0
OCHg
Va o Vb
) ﬁGLH ‘
c H,CONH ? H
CH,CH,CO, H

VI

The basic structure shown in Va was proposed by Dewar (15).
Further work prompted Cech and Santavy to propose the closely
related structure Vb for the alkaloid (14). X-ray diffrac-

- tion studles supported this second structure but did not
remove all uncertainties concerning the positions of the

ring C cerbonyl and methoxyl groups (15). Conclusive
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chemical proof of structure Vb for colchicine was provided by
Loewenthal (16) with his recent reported synthesis of the
ethylene ketal of VII, hexshydrodemethoxydesacetamidocolchi-

cine, a degradation product of colchicine (17).

CHy0
CHy0

- VII

Much of the stereochemical work in the area of tropane
alkaloids has been due to Fodor and coworkers. The absolute
configuration of (-) ecgoninol (VIII), one of the many alke-
loids studied: was determined through interpretation of rota-
tional values of several derivatives (18). This was advanced
in 1956 énd was followed in 1957 by the absolute configuration
of valeroiﬁine (IX) which was determined by gimilar chemical

CH,OH

-0COCH,CH{cHs),

VIII IX X
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and physical means (19). The relative stéreochemistry of an
1m§ortant tropane alkaloid, l-cocaine, was deduced by Fodor
“and eoworkefs in 1854 (20) and 1s represented by X. Due to
the work 6f Hardegger and Ott, who correlated the alkaloid
with L-glutamic acid of knowﬁ/cdnfiguration, the stereochem-
istry indlcated in X was shown also to be the absolute con-
figuration of l-cocaine (21).

Absolute configurations of several lupin alkaloids have
been investigated and reported within éecent years. Compari-
sons and interpretation of molecular rotation differences of
derivatives of quinolizidine alkaloids (XI) and corresponding
ones in the p&rolizidine series (XII) enabled Leonard to de-
duce the absolute configuration of laburnine shown in XIII
(22). 1In 1958, Warren and von Klemperer published the abso-
lute configuration of the closely related alkaloid, (-) helio-

tridane (XIV) (23).

R

X1

. CH,OH

XIII X1V



Among the most recent accomplishments made in the stereo-
chemical investigations of alkaloid structures was the deter-
mination of the absolute configurations of the asymmetric
centers in emetine. The assignments of the relative stereo-
chemlstry as shown in XVa were due largely to van Tamelen (é4)
and to Battersby (25, 26, 27). The absolute stereochemistry
of Cf, C10 and Cll qf the benzoquinolizidineAsystem was re-
ported in 1959 by Battersby and Garratt on the basis of
molecular rotation studies of various derivatives (28, 29).

The configurations are as depicted in XVa. In 1960, the

XVa: .
XVb:

absolute stereochemlstry of the remaining asymmetric center,
Ci, was established by chemical means (30) . N-acetylemetine
(XVb) was first degraded down to the N-acetyl acid XVIa. The
constitution of this levorotatory compound was proven by
favorable comparlisons with an authentlc sample obtained by
synthetic means through the known dextrorotatory amino-ester

XVIb. The levorotatory enantiomer of thls amino-ester and



XVIa: R = —B—CHg; R' = -CH2002H
XVIb: R = H; R' = -CHpCOoE+
XVie: R = H; R' = —CH20H _

the closely related alkaloid, (+) calycotomine (XVIc), were
both converted to common derivatives of the structure XVII
(stereochemistry not 1ndicated). These derivatives proved to
be enantiomeric with one another. The absolute configuration .

of (+) calycotomine had been shown to be that depicted in

OCH,

OCH,

XVIie by correlation with the naturally occurring amino acids
(31). Consequently, on the basis of the conversions described
earlier, 1t could be concluded that the dextrorotatory enan-
tiomer of the amino-ester (XVIb) and thérefore the degradation
product XVIa of N-acetylemetine both possess the absolute
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stereochemistry of (+) calycotomine. The absolute configura-
tion of Cl of emetine as shown in XVa was thus proven.

During the last several decades, chemlcal activity in
the vast field of indole alkaloids has perhaps been gréater
than in any'other family of alkaloids. Ihvestlgationa of all
types from isolation and functional group studies to complete
structural eluclidestions, syntheses and stereochemical deter-
hinatione have expéndéd the amassed knowledge about this
family exponentially within recent years.

Yohimbine (XVIII), the parent alkaloid of a major sub-

XVIII

femily of the indole alkalolds, was isolated in the late
1800's, but it was not until the early 1900's that chemical
invesgtigations of the alkalold were seriously undertaken.
Functional group determinations were due to the efforts of
Spiegel (32, 33, 34), Winzhelmer (55), Schomer (36) and Hshn
and Schuch (37) who showed the presence of a hydroxyl group,
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& secondary and a tertiary nitrogen and a carbomethoxyl:group
in yohimbine. |

In the late 1920's, investigators turned their efforts to
elucidating the molecular skelefon of yohimbine. Soda lime
distillation of the alkaloid (38, 39) and dry distillation of
the corresponding free acid (40) both gave mixtures of indolic
compounds later identified as skatol (XIXa) and 3-ethylindole
(XIXp). Zinc dust or steam degradation (39) yielded, in addi-
tion, isoqulnoline as a detectable product. Destructive dis-
tillation of the alkaloid afforded harman (XXa) and indolyl-
2-carboxylic acid (XIXe) (41),. |

R
I
N~ R
l .
H .
XIXe: R = -CHz; R' = -H ' XXa: R = —CHg
XIXb: R'= -CHoCHz; R' = -H XXb: R = -H
XIXc: R = -H; R! = —COzH

A number of papers were published in the early 1930's on
the selenium dehydrogenation of yohimbine and some of its
derivatives (42, 43, 44, 45). Structure determinations of
these dehydrogenatlon products and interpretations of these
and other experimental results eventually paved the way for

the complete structural determination of yohimbine.

—
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Selenium dehydrogenation of yohimbine yielded three ‘sep-
arate products, tetrab&rine (Cl§H20N2), yobyrine (ClngﬁNz)
| and ketoyobyrine (C20H16N20)' Further degradative studies on
tetrabyrine, indicated in the following scheme, led to the |
proposal of structure XXI for this dehydrogenation product
(45, 46, 47). Proof of structure was provided by a synthesis

of the compound reported in 1948 by Julian and coworkers (48).

Hz/cat.
> Octehydro derivative
Tetrebyrine
(CroHyoly)
HNO=
O'3 \
_ . 7 CO,H
CooH._ A0, N, HNO
127207272 3 % HD,C \
CO,H
. {yg*
HEO
COCH,CHy
. NH‘
+ 7o
X XXI

Tetrabyrine

The structure of yobyrine (XXII) was arrived at through

much the same sequence of degradative steps, as 1llustrated in
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the following scheme (49, 46). Two independent syntheses
later proved XXII to be correct for yobyrine (50, 48).

Yobyrine Cat. ) hexehydro derivative
Croz '
COLH CHj
CO,H + COLH
p-nitro-
benzaldehyde
Yobyrone
(C1gHy4N0)
4

p-Nltrotenzal derivative

XXII

Yobyrine

The third selenium dehydrogenation product, ketoyobyrine,
'was a non-basic compound in contrast to the other two products.
Upon treatment with potassiuﬁ'hydroxide in amyl alcohol,
norharman (XXb) and 2,3-dimethylbenzoic scid were formed in
one instance (45) and norharman and 1,2,3-tricaerboxybenzene

in another (51). The structure XXIV proposed for ketoyobyrine
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(51, 52, 53, 54) was subsequently shown to be correct by syn-
thetic means (55, 56).
‘ The strﬁctﬁre determinations of these three products
appeared to confirm the basic skeletal structure XXIII pro-
posed for yohimbine by Scholz in 1935 (47). Remalning then
were the assignments of the hydroxyl and carbomethoxyl groups.

'In 1934, Majima end Murehashi reported the oxidation of
yohimbire with pelladium-bleck and maleic acid to a ring
C-tetradehydro derivative (57). This compound, -also prepared
by lead tetraacetate oxidstlion of yohimbine, could be further
degraded by treatment with potassium hydroxide in amyl alcq-
hol to harman (XXa) and m-tolulc acid (58). Interpretation
of these results led to the tentative assignment of C,5 as the
point of attachment of the carbomethoxyl group. This assign-
ment was made on the assumptlons that Cy14 of yohimbine and
the harmane methyl carbon were one and the same and that’Czl
of yohimbine sppeared as the methyl group in m-toluic aecid.
This therefore suggested that the carbomethoxyl group of
yohimbine, appearing as the carboxyl group in the isolated
m-toluic acid, was attached to Cjg5 in the original elkaloid.
Although thls assignment is now known to be correct, it was
not unequivocable at the time, since the possibility of a 018
attachment instead could not be eliminated.

Confirmation of the C,p attachment was providéd by the

synthesis and proof of structure of ketoyobyrine, one of the
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selenium dehydrogenation products of yohimbine. A brief
| account of this work has been made earlier. The formation of
ketoyobyrine (XXIV) was postulated to proceed through the fol-

lowing steps (52).

1) 180° rotation #s indlceted’
£) Lectemlzation

3) Dehydrogenetion

XXIV
Ketoyobyrine.

Proof of its structure by synthesis (56, 55) furthermore
confirmed the assignment of C,g as the point of attachment for

the carbomethoxyl group of yohlmbine.
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Barger and Field showed that treatment of yohimbine with
cold concentrated sulfuric acld ylelded a sulfuric acid ester.
Upon subsequent treatment with base, this ester lost the
elements of sulfuric acid and ylelded a product which was
named apoyohimbine (XXVI) (38). The product differed from
yohimbine only by the elements of water. Later, Witkop showed
that treatment of yohimblne with aluminum phenoxide and cyclo-
hexanone in xylene not only oxidized the hydroxyl group of the
alkaloild to a ketonle group but also effected a hydrolysis
and decarboxylation of the cerbomethoxyl group (49) to yield
the compound yohimbone (XXVII). The facile decarboxylation
indicated -that the original hydroxyl group was beta to the
carbomethoxyl group and hence was attached to Cyy. The com-
plete basic structure of yohimbine was therefore determined
to be XXV, and ﬁhe various reactions just described are rep-
resented in the scheme shown on the following page.

Yohimbine possesses five aéymmetric carbon atoms--Cz,

C153.C16"017 and Coy. These are indiceted by asterisks in
XXV. GStereochemical determinations of these five centers
constituted the next phase of work in yohimbine dhemistry.
The investigations of several groups, and especially those of
~ Janot and coworkers, led to the assignﬂent of the relative
stereochemistry as shown in XXV (60).

Much of the investigation undertaken on this stereo-

chemical problem was conducted not dnly on yohimbine 1itself
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[ 4 Ho'
CHBCLC
XXVI
A1(0¢)5
Cyclohexsenone

XXVII

but also on a number of stereoisomers of the alkaioid which
haed become known to alkalold chemists since the yohimblne
studies were first begun. The structure determinations of
these compounds followed very closely the degradstive steps
used to deduce the structure of yohimbine. A detailed dis-
cussion of the former will therefore not be included here,
although appropriate literature references will be given
wherever necessary.

A potassium hydfoxide treatment of the sulfuric ester
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of corynanthine, a stereoisomer of yohimbine (6%), in a manner
similar to the reaction which had converted yohimbine to apoyo-
himbine (89), effected not only a dehydration, ss in the case
of the yohimbine derivative, but alsd a decarboxylation (60).

- The product so formed, apocorynanthol (XXVIII), could be
catalytically hydrogenated to yohimbane {XXIX), the Wolff-
Kishner reduction product of yohimbone (XXVII). Since the
loss of the sulfurlic ester group proceeds by a trans elimina-
tion, these experimental observations éuggested that in
yohimbine the C;g hydrogen and the Cyp hydroxyl were trans

to each other, and in corynanthine, the Cj;g carbomethoxyl and
the Cyn hydroxyl were trans to each other. The observed
easler saponification of yohlmbine suggested that 1ts carbo-
methoxyl group occupled an equatorial position. Furthermore,

1t was observed by Janot and Goutarel (61) that acid hydrol-

XXVIII - XXIX
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ysls of corynanthine gave corynanthic acid, but that basic
hydrolysis yielded the epimeric‘yohimbic acid, 1ldentical
with that prepared by basic hydrolysis of yohimbine. This
suggested a base equilibration of the carboxyl group in
corynanthic acid to the more stable equatdrial conformation
present in yohimbic acid. These investigations thus revealed
that a cis relationship existed between the 616 carbomethoxyl
group and the Gy, hydroxyl group in yohimblne, with the
former occupying an equatorial conformation and the latter
an axlal one. Furthermore it was also determined that
yohlmbine and éorynanthine were eéimeric at only one center,
C16- |

Through degradations of yohimbic acid (XXX) to an N-
methylisoquinoline (XXXI), Wifkop showed by comparison of this
product with one of known ccnfigufation that the two rings
were traﬁ;:fused (63). Since none of the degradatiie steps |

carried out on yohimbic acid were believed to involve or

XXX - XXXI
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alter any of the ring junction carbons, 1t was concluded
that in yohimbine, the D/E ring junction was also trans.

The experimental observations thus far discussed allow
the.following partial representations (XXXII) to be made for
yohlmbine, showing the relative steric configurations of four

of the five asymmetric centers. Further studies by Witkop on

a0

s
! b CoLHy oy

XXXII

yohimbol, the Meerwein-Ponndorf reduction product of yohim-
bone, confirmed these‘relative conflgurational asslgnments
(49). The one remalning asymmetric ;enter to be discussed
is C3.

Investigations undertaken by Janot and coworkers on
pseudoyohimbine, another stereoisomer of yohimbine (64),

geve informatlon concerning the Cz stereochemistry in

—

yohimbine. Treatment of pseudoyohimbine wlth lead tetra-
acetate gave & ring-C tetradehydro derivative which was
identical in all respects with that obtained-by the samé
feaction steps from yohimbine (60). Since Cz was the only
asymmetric center involved 1n the oxidation,'it could be

deduced that yohimblne and pseudoyohimbine were epimeric
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only at Cz. The .assumption that the Cz configuration in
yohimbine was the more statle of the two was made on the
observeation that-cétalyﬁic reduction at pH 10 of the tetra-
- hydro derivative from either alkaslold regenerated &ohimbine
in good yields. This stability was further 1llustrated by

other reactions outlined in the following scheme. Since

. - cat. H
Pseudo- Pb(0OAc) , Tetradehydro- .~ pH 10 .Yohimbine
yohimbine '7’ yohimbine Pb(oAc)4
Mild OH Oppenauer
hydrolysis oxldation
N2 Soda lime distillation \
Pseudoyohimbic Acid - ¥ Yohimbone
Oppenauer | Wolff-Kishner
oxldation © reduction
\ Wolff-Kishner reduction p
. Pseudoyohimbone — — Yohimbene

the hydrogen at CS 1s the most acidic ring junction hydrogen,
1t might be expected to epimerize under strongly basic con-
ditlons, such as those present in soda -lime distillations
and Wolff-Kishner reductions, to the most statle configura-
tion, 1f this is ﬁot.already present. The epimerizations of
the pseudoyohimbine derivatives (pseudoyohimbic acid and

| pseudoyohimbone) to the yohimbine derivetives (yohimbone and
yohimbane, respectively) lend credence to the assignment of

the more statle Cz configuration to yohimbine. From steric



22

conslderations, the structure bearing the greatest number of
equatorial substituent bonds would be the most stable. For a
system with a trans D/E ring junction, the most stable C5
configuration then would be the one in which the hydrogen
occupled an exial position and the Cp-Cz bond an equatorial
one. The relatiye configurations of all the asymmetric
centers 'in yohlmbine were thus determined and ere as 1llus-
trated in XVIII (60, 65).

Proof of the relative stereochemistry of the ring junc-
tion carbon atoms, C3z, G5 and Cpp, as ‘shown in XVIII, was
provided by van Tamelen and coworkers in their stereospecific
synthesis of dl-yohimbane, the Wolff-Kishner reduction- product
of yohimbone (66). This was soon followed by the total syn-
thesis of d-pseudoyohimbine in 1958 (67). Since the epimeri-
zation of pseudoyohimbine to yohimbine had previously been
reported (60, 68), this work also constituted a formal total
synthesls of yohimbine. Another synthesls of the alkéloid,
using yﬁhimbone as the starting materiasl, has been reported
by Aksanove and Preobrazhenskil (69). Since the total syn-
thesis of yohimbone has been accomplished (70), the Russian
synthesls may also be regarded as a total synthesis of
yohimbine.

In 1953, Klyne showed through molecular rotation studies
thet the relative stereochemistry depicted in XVIII is also |

the sbsolute configuration of naturally occurring yohimbine
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in terms of the D-glyceraldehyde convention (71). Comparison
“of the /M _/, of apocorynanthol (-522°) (XXXIII) and of
yohimbane (-230°) (XXXIV) showed that the rotation contribu-
tion of the ring E double bond was -292°. The corresponding
- double bond in ring A of stéroids with known absolute con-
riguration (XXXV) has been shown to cdhtribute a positive
rotation (72). Therefore the absolute configurations of apo-
corynanthol and of yohimbane ere as indicated 1n.XXXIII and

XXXIV respectively.

XXXV

Due to the relative stereochemistry of the Cyg4 carbo-
methoxyl and 017 hydroxyl groups to the rest of the molecule
it was then also possible to assign them absolute configura-

tions on the basls of this work. Further proof of an
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o{-orientation for the Cy» hydroxyl group, and consequently
én oc-carbbméthoxyl orientation, was provided shortly there-
aftef by further investigations of Klyne and Stokes (73).
‘They conducted molecular rotation'studies on a numbef of dif-
ferent cyclohexanols, and observed that the rotation con- -
tribution of the hydroxyl group in a structure with the con-
figurstion XXXVI was negative, and that of a hydroxyl in a
structure of configuration XXXVII was positive. The observa-

tion was made tnat the af[M]p between 16-methylyohimbane

BeliteRNe
. : CH
OH OH | 3 r

XXXVI XXXVII XXXVIII

([M) p-168°) and 16-methylyohimbol ( [Mp~0°) (XXXVIII-stereo-
chemistry not indicated) was +168°. This posltive contribu-
tion due to the hydroxyl group led Klyne and Stokes to assign
an X -absolute configuration to the yohimbine Cyn hydroxyl
and consequently an o(-configuration also to the Cjg-carbo-
methoxyl. These results confirmed thelr earlier assignment
of XVIII as the correct absolute representation of (+) yohim-

bine.
While molecular rotation studies provided a pathway for
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the eventual determination of the absolute configuration of
yohlmbine, this was not the sole area of investigation toward
the determination of the stereochemical nature of the three
asymmetric centers common to most of‘ﬁhe yohimbe bases-;CS,
Ci5 and 020. It beceme possible to establish four sub-
classes for these indolic alkaloids on the basis of the
relative stereochemistry.of these centers. The "normal"
series is represented by yohimbene (XXXIX) whose formation
from yohimbine has been discussed earlier. The second series,

the "pseudo! series, 1s represented by pseudoyohimbane (XL),

XXXIX XL

XLI XLII
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the 03 epimer of yohimbane. This compound has been prepared
by Wehkert and Roychaudhuri by zinc and acetic acid reduction
of 3,4-dehydroyohimbane (74). The relationship between the
parent compounds, yohimbine and pseudoyohimbine, has also
been determined experimentally and has been discussed already.
Alloyohimbane, the parent compound of the '"allo" serles, 1s
represented by XLI. This stereolsomer possesses a cls D/E
ring junction and has been prepared by catalytic hydrogena-
tion of sempervifine (XLIII) (?5, 76), and by chemical trans-
formations of alloyohlimbine, the 020 stereolsomer of yohim-

bine (77). The stereochemlstry assigned to alloyohimbane as

—

XLIII-

depicted in XLI has recently been proven correct by the
stereospecific synthesis of the racemic compound by Stork and
Hill (78, 79). The representations in XLI also depict the
correct absolute configurations of all asymmetric centers as
determined by molecular rotation differences (80). The 05
epimer of alloyohimbane is represented by XLII and serves as

the model for the fourth series, the "eplallo" series. The
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compound has been obtailned as & minor product in the catalytic
hydrogenation of sempervirine (75, 76) and by Raney nickel
desulfurization of the ethylene thioketal of 3-eplalloyohim-
.Bone, the Oppenauer oxidation product of 3-ep1alloyohimbine
(81).

A numver of investigators have been concerned with 1) the
classification of yohimbé alkalolds into one of these several
sub-groups, 2) the correlation of one series with another by
physical or chemical means, and 3) the chemical determinations
of the absolute stereochemlstry of representative members of
each class. Notable accomplishments have been made by Wenkert
in the‘development.of procedures useful in these areas.

In 1956 Wenkert and Roychaudhuri reported en infra-red
method for the determination of Cz-hydrogen configurations of
johimbé alkaloids (74). They observed that compounds in the
"normal" and "allo" series showed séveral distinct peaks on
the longer wavelength side of the main C-H péak at 5.46/; in
the infra-red reglon. In comparison to this, compounds be-
longing to the Ypseudo" and "eplallo" series showed only
slight shoulders in this region. By means of this physical
method, 1t was thus possible to distinguish o-oriented Cs
hydrogens, as found in '"normal" and "allo" compounds, from
/?-oriented hydrogens, cheracteristically found in "pseudo"
and "epiallo" compounds. ApplidatiOns of this analyticsl

procedure enabled these investigators to confirm the stereo-
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chemlcal assignments made to a number of indole alkeloids and
‘also to asslign Cz configurations to a number of other alka-
loids with unknown stereochemistry at this center.

Development of several oxidation-reduction procedures by
Wenkert and Roychaudhurl have made possible other means for
facile determinations of alkaloid stereochemistry. One of
these methods utilized the rates of ring-C dehydrogenations
as a means for determining the stereochemistry at Cz (82, 83).
The oxidation system employed was palladium-black and malelc
acid. ‘'"Epilallo" compounds such as epiallojohimbane and 3-epi-
oX(-yohimbine (XLIV) were observed to oxidize at an appreciably

lower rate than the corresponding "pseudo" compounds such as

CHy0,¢

OH

XLIV

pseudoyohimbane and pseudoyohimbine. 8ince 1t i1s reassonable

to assume that the degree of accessibility of the Cz-hydrogen
to the catalytic surface governs the rate of oxldatlon, theée
experiﬁéntal findlings are 1in accord with the presence of a

¥4 C3 hydrogen in the "pseudo" series which 1is less sterically
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hindered than the corresponding hydrogen in the '"epiallo"
gseries. This can be 1llustrated by the following conforma-

tional diagrems. Application of this method thus mekes

XLVIa ' "Epiallo"

possible thé distinction between these two series of indole
alkaloids.

Reductions of ring-C didehydro and tetradehydro deriv-
atives were also utilized by Wenkert as further dlagrostic
procedures for stereochemical determinations. Thé 3,4-
dehydro systems, best'prepared by mercuric acetate oxidation
of fhe corresponding alkaloids; were reduced elther catalytic-
ally over platinum oxlde or with sodium borohydride in methan-
ol (83, 84). Analyses of the products revealed that only
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"normal" or "allo" compounds were formed, e.g. yohimbane and
alloyohimbane from the corresponding 3,4-dehydro derivatives.
Similar reductions of the 3,4,5,6-tetradehydro derivatives,
with sodium borohydride or by cetalytic means at pH 10, re-
generated "normal" products solely from those tetresdehydro
compounds with trens D/E ring junctions. For those compounds
with cis D/E ring junctions, regeneration of the "allo"
compounds predomineted over the "eplallo" among the products.
The‘mercuric acetate oxidation of ring C of indole alka-
lolds was proposed by Welsenborn and Diassi as 2 means for
diétihguishing "normal" and "allo" cﬁmpounds, which undergo
the oxidation easily, from "pseudo" and "epiello" compounds,
which do not (85).' The supposition wes made that this reecfion
was useful for detecting an axial from an equatorial Csz hydro-
gen since i1t was believed that the former was necessary for
the oxidation to occur. However, as pointed ouﬁ by Wenkert,
this does not sufficiently expléin the observed experimental
results since both "allo" and "epiallo" systems may possess
conformations with axial C3z hydrogens as 1llustrated in the

following diagrams (84, 86). The diagrams also suggest that

XLVII "Allo" v XLVIII "Epiallo™
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steric interference due to ring E cénstituents may explain
the non-reactivity of thé "eplallo" system toward mercuric
acetate. |

.Due to the development of these classification.pro-
cedures, i1t has been possitle to'categorize a large number
of indole alkalolds into one of these four stereochemical
classes. The determination of the absolute configuration of
yohlmbtine by physical means, as elsborated earlier, has fur-
ther enabled alkalold chemlsts to assign absolute configura-
tions to all alkaloids which have been stereochemically re-
lated to 1t.

In spite of these significant acéomplishments in alksloid
chemlstry, there nevertheless still remains the desirability
of proving or determining absolute configuretions by chemical
rather than physical methods. Reference has already been
made to some éccomplishments of this sort in fam:.llies other
than the indole alkaloids. One study which has made possible
the recent chemical determination of the absolute stereochem-
istry of several indole alkaloids was the elucidation of the
configurationa of the cinchona alkaloids.

In 1944, Prelog and Zalan reported the absolute conflg-
urations of the three asymmetric centers on the quinuclidine
unit 6f the cinchona alkalolds, (+) cinchonine (XLIXa),

(-) quinine (XLIXb) and two stereoisomers, (-) cinchonidine

and (+) quinidine respectively (87). Degradation of



XLIXa: R = H

XLIXb: R = -OCHg

cinchonine by reactlons which did not affect the stereochem-
1stry at Cz and C4 ultimately ylelded an optically active
hydrocarbon, 3-methyl-4-ethylhexane, E&]:Dls-lzo, in which
carbons 3 and 4 correepoﬁded to Cz and C4 of the original
cinchonine molecule. On the baslis of work done by Levene and
Marker (88, 89), the asymmetric center of this hexane degrada—
tion product was assigned the configﬁration.La in terms of

the D-glyceraldehyde convention. Confirmation of this
assignment was nade by cﬁnverting (-) mefhylethylécetic acid
(Lb) of known configuration to a 3-methyl-4-ethylhexane with

R .
' . . o - -

H R = -
CHECHS Lb VCOZH

levorotatory powers which was identical to the cinchonine
degradation product (90). By these means, the absolute con-
 figuration of Cz in cinchonine was established.

To determine next the configuration of C4, use was made
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of (+) 3-bromomethyl—4'(gﬂ-bfomoethyl)héxane (LIa), an inter-
medlate 1n the degradation of cinchonine Just discussed. Thils
Intermedlate was converted by mild controlled reactions to a
1,2—diethylcyclohexane which showed no optical activit&.
Nelther of the two asymmetric centers in the starting compound
was belleved affected in the conversion, and it could be con-
cluded that the dibromo starting materlal possessed the
lerythro" configuration, as illustrated by LIb. This account-

ed for the formation of this "meso" diethylcyclohexane (LII)

H 4' H

Lla : LIb LII

as a degfadation product. The determination of this cis rela-
tionship between tﬁe two ethyl groups provided proof for the -
aseignment of an endo configuration fo the Cz-vinyl group of
cinchonine as deplcted in LIITa and LIIID (stereoéhemistry of
Cg unassigned). Only with the endo configuration at Cz was .
it possible by the sequence of degradative.steps employed in
the study to obtain a product in which the eth&l groups,
derived from the Cs-vinyl group and the C4-Crp-Cg carbon chain,
were cis to one another. This 1s best illustrated by use of

the Newman projection diagram LIIIc.
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N ¥
8
R A 1 H C1
y 5)h —_—
4 " H C?
.\
LIIIa LIITb - LIIIc
CHOH—
R= N
) —
N

The stereoéhemistry of the remalning asymmetric center,
08, on the quinuclidine nucleus of cinchonine may be such that
the Cg-Cg bond is cis to the Cz-vinyl group and hence also
endo, or trens to the Cz-vinyl group and henceé exo. To assign
correctly the 08 stereochem;stry, it was only necessary to
interpret the expefimental observations thaf only the dextro-
rotatory alkaloids, cinchonine and quinidine, formed ethers
of the type shown in LIV when exposed to acids (91, 92).
Sinée ethers of this structure could be formed only if the

N

CH
R A CH,
Z R = -H (cinchonine derivative)

LIV R = -OCHz (quinidine derivative)
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Cz and Cg substituents were cis to each other, and since 1t
has been determined that the 05-viny1 group possesses an endo
conflguration, the configuration at Cg must be that one in
winich the Cg-Cg bond is also endo tb the quinuclidine bridge.
 The absolﬁte configurations of the three quinuclidine asym-

metric centers in cinchonine way thus te represented as 1n.LV.

CHOH---
3 -
N/

LV

The years 1958 and 1959 brought further significant con-
tricutions to the growing knowledge of absolute conflgurations
of alkalolds through chemical determinations from Ochlai and
coworkers in Japan and Wenkert and coworkers in this ﬁountry.
In the notable work briefly summarized in the scheme on the -
followling psge, Ochiai and Ishikewa carried out the conversion
of dihydroecinchonine (LVI) to dihydrocinchonamine (LVII),
thereby successfully relating by chemical means the cinchoﬁine
family with one of the indole alkaloid femilies (93, 94). The
product was identlcal with dihydrocinchonamine in melting
point, infra-red and ultra-violet spectra. Due to the earlier
work of Prelog on the absolute configurations of Cz and C4 of
cinchonine (87), it became possible through this work by
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Ochlel to assign absolute conflgurations to two of the asym-
metric carbons of the qginuclidine component of dihydfo—
cinchonamine, as designzsted by asterisks in LVII. Due to the
stringent conditions of tﬁe Opprenauer oxidation employed in
the conversion, it is not possible to assign & conclusive
‘absolute configuration'to the Ce—hydrogen in dihydrocinchon~
amine, although one might expect it to equilibfate to the
most stable configuration. This would be the one dépicted
in LVII in which the hydrogen was o( and endo and the indole
unit,é? and exo. The synthesis of the un-reduced‘naturally
occurring alkaloid, (+) cinchonsmine, has been reported by
Chen and coworkers (95, 96).

The correlations accomplished by Ochiai made 1t possible
for Wenkert and Bringl to chemically relate the cinchona bases
~ with the yohimbe bases shortly thereafter. Correlation be-
tween the two indole alkaloids, ajmalicine (LVIII) and
corynantheine (LXII), was accomplished first by the series
of reactions illustrated on the following page (97, 98). 1In
conducting the Oppenauer oxidation on the alcohol LIX, an
equilibration occurs under’%hé strongly basic conditions to
produce the most stable conflguration at Cop. for the ketonic
product LX. Since the C3 hydrogen is the most acidic of the
three ring junctlion hydrogens, it should slso be posgible to
epimerize 1t 1f necessary under'thé basic conditioné.of the
Oppenauer oxidation to give the most stable configuration,

that shown in LXI. The final degradetion product, LXI, was
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Wolff-Kishner Oppenauer;
reduction oxidation

LIX

Wolff-Kishner
. _\

reduction

LX - LxI

identical in 1ts melting point, specific rotstion snd infra-
red speéctrum with 18,19-dihydrocorynanthean (LXIV), the
degradation product of corynantheine (LXII) obtained through

‘a similar sequence of reactions by Janot and Goutarel (99,
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100, 101). The degradative scheue 1s given below.

WOlff-KishnegALH"
reduction

LXIII

h 4

LXIV

Having thus correlated these two systems of indole alka-
loids, Wenkert and Bringil then proceeded to determine the
absolute configurations of ajmalicine and corynantheine by

chemical correlation of the latter with dihydrocinchonamine,
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the absolute configuration of which had been determined by
Ochiai (93, 94).

18,19-Dihydrocorynantheol (LXV), prepared by lithium
aluminum hydride reduction of 13,19-dihydrocorynanthezl (LXIII
with vinyl group reduced) (102), was treated with tosyl chlor-
ide in pyridine (97, 98). The tosylate thus formed was then

heated in refluxing dimethylformamide to yleld the quanternary

LXV: . LXVI

ammonium tosylate salt LXVI. Similer treatment of dihydro-
‘cinchonamine (LVII) witn tosyl chloride in pyridine yielded
a quaternary ammonium chloride which could be converted to
the'tosylate_salt by treatment with silver tosylate. This
tosylate salt was identical in all respects (melting point,
specific rotation and infra-red spectrum) with the salt ob-
tained from 18,19-dihydrocorynantheol. Due to the work of
Ochial and Ishikawa on the dihydrocinchonamine configuration
(LVII) as described earlier, 1t.was possible through thése
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correlations of Wenkert and Bringi to show that the stereo-
chemistry of ajmalicine and corynantheine as depicted in |
LVIII and LXII respectively is in effect also the correct
absolute stereochemistry of each alkaloid. The total synthe-
sis of 4,l-ajmalicine has recently been reported by van
Tamelen and Placeway (103).

The same conclusion regerding the configuration of
corynantheine was reached by Ochial and Ishikawa by an inde-
pendent study in wnich cinchonine was converted into 18,19~
cihydrocorynantheane (104, 105). Stearting material for their
study wes the 9-benzoyl derivative (LXVII) of an intermediate
in thelir earlier conversion of dihydrocirchonine fo dihydro-
cinchonamine (a dlscussion and reaction scheme of this con-
version have been given earlier). The reaction sequence to
which this 9-benzoyl derivétive was exposed 1s represented
by the scheme shown on the following page. The initial
product, LXVIII, wes shown to be S-epi-lB,19—dihydroéorynan—
thean on the basis of 1ts infra-red spectrum and 1fs réluc-
tence to undergo oxldation with mercuric acetate under the
normal reaction conditions. Treatment under more stringent
conditions gave a 3,4-dldehydro derivative which produced,
upon reduction with sodium borohydride, & compound (LXIX)
that was identical in melting point, specific rotation and
infra-red spectrum to authentic 18,19-dihydrocorynantheane.

It is not readlly obvious why the 3-epl compoﬁnd appeared
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1) Hg/Ni
2) KOH

1) L1AlH,
2) L1*07t-bu, #,00

LXVIII
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a8 the initlal product rather then the more stable "normal
dlastereomer possessing an o Csehydrogen. One would have
expécted an equilibration to take place to the mosﬁ stable
eplmer durlng the stringent Oppenauer oxidation step in the
reaction sequence. |

It is significaﬁt to call attention to the fact that all
configurational determinations to date in the field of indole
alkaloids indicate that one center, 015, of all the possible
esymmetric centers present in these aikaloids, possesses the
same o -configuration for 1ts hydrogen atom in all alkaloids
thus far investigated. This unique characferistic, polnted
| out by Wenkert (97, 98, 106), has been incorporated by the
seme as an lmportant fector in the proposal of a theory of

indole alkaloid biosynthesis (98).
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DISCUSSION

As part of an investigation of the stereochemlstry of
indole alkslolds, 1t became desirable to correlate chemically
the ring-E carbocyclic compounds such as yohimbine (XVIII),
possessing trans D/E ring junctions, with the 17,18-seco
(ring-E open) or the ring-E heterocyclic compounds, repre-
sented'respectively by corynsntheine (LXII) and ajmelicine
(LVIII). Previous work in this area of investigatlion heas
already made possible the correlations between 1) the D/E
cis and the D/E trans carbocyclic yohimbe bases, represented
by 3-epl-ot-yohimbine (XLIV) and yohimbine (XVIII) (106) and
2) between the 17,18-seco and the ring-E heterocyclic bases,
represented by corynantheine and ajmalicine (97, 98).

The most expedient procedure for relating the ring-E
carbocyclic serles with the ring-E open and heterocyclic
serles appeared to be the peraéid oxidation of yohimbdne
(XXVII) to a lactone (LXXa or LXXb) which could then be |
clgaved to yleld a ring-E open intermediate. The preferred
iactone (LXXa), upon treatment with methanolic hydrogen bro-
mide, was expected to yleld the intermediate LXXI which could
subsequently be converted to a 15,20-diethyl compound (LXXII).
Comparison of this product with 18,19-dihydrocorynantheéne
(LXIV), which has been prepared from both ajmalicine and
corynantheine (97, 98, 99, 100, 10l1) would then effect a

correlation tetween these classes of indole bases.
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and/or

LXXI LXXII

Emmons had shown that ketones may be oxldized in good
yield to esters by trifluoroperacetic acid (107). The acidic
medium which may be employed in this reaction made this pro-
cedure particularly attractive es the method of choice for
conducting the desired oxidation of yohimbone.“ It was hoped
that the formation of an Ny-salt by the interaction of the
alkaloid with the trifluoroacetic acid present in the reac-
tion mixture would prevent the formation of tﬁe Ns-oxide and
allow the fing-E lactone formation to proceed preferentially.

However, exposure of yohimbone to a trifluoroperacetic acid/
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trifluorcacetic acid system gave only dark mixtures from which
no recognizable organic products could be 1solated.

It became necessary then td employ & more conventional
oxidizing agent, such as perbenzolc acid. Treatment of
yohimbdne in chloroform with an equimoler quantity of perben-~
zoic acid, also in chloroform, gave a gelatinous precipitate
which did not appear to be the desired 1actohe on the basis
of solubility behavidr and infre-red spectrum. Analysis of
1ts pleratve salt as well as results of several degradative
‘étudies which will be discussed presehfly revealed 1t to be
yohimbone Nooxide (LXXITI). |

Zn/HOAc R
Hz/cat. XXVIT
D, vac.
0
1) HC1l, HOAc, A
2) 0104-
)
1) He(o0A
, g(Ohe), XXVII

‘ -
2) 10,4
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Reduction of the oxide}by chemical or catalytic mesns
regenerated yohimbone (XXVII). Exposure to a flash-pyrolysis/
sublimation also yielded yohimbone. Although Cope and co-
workers shbwed in 1949 that allphatic amine oxlides contelning
available A?—hydrogens undergo elimination upon pyrolyses to
yleld olefins and substituted hydroxylamines (108), later

R

R!
l®

R' + R!''—CH==CH
| 2

N—0] —5— R
1 A
CHs—CHR''

work showed that éix-membered heterocyclic tertiary amine
oxldes are resistant to this cleavage process (109). _Pyrol-
ysis of N-methylpiperidine oxlde, for example, gave N-methyl-
piperidine and plperidine as identifiable products. Faillure
of this oxide to undergo‘A?-elimination was attributed to the
1inabllity of the required planar transition state to form in
the slix-membered heterocyclic strcuture. Similarly, in
yohimbone N-oxide, this five-membered planar transition state
cannot be formed to allow interaction of the N-oxide oxygen
vwith any of the avallable hydrogens on the three /g’carbons,
Cg» 014 and 020' Conéequenﬁly, no elimination producté were
formed. ‘ | ‘ .
With a hydrochloric acid/acetic acid treatment, the

N-oxlde was converted to a dehydro derivative of yohimbone

(LXXIV) which compared favorably with the 3,4-dehydro product
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formed by mercuric acetate oxidation of yohimbone. It has
been shown that more stringentbacidic treatments of amine
oxldes, for example, trimethylamine oxide (LXXV) and nicotine
N-oxide (LXXVI), ylelded isélable products containing second-
ary amine and carbényl functional groups (110). The forma-

tlon of the 3,4-dehydro product in: the case of yohimbone

33% HoS80,
(CHz)N—0 1100 ¢ (CHz)pNH + CHQO
LXXV
: o HCL | }L L
e

LXXVI

N-oxide may possibly be expleined by the formation of the
intermediate LXXVIIb containing a carbonyl group and a
gsecondary amine group as parts of a ten-membered ring. Sub-
sequént transannullar condensation between these two funec-

tional groups would then lead to the final product, LXXIV.
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LXXVIIb LXXIV

Another pathway which may be proposed for the formation
of the 3,4-dehydro product involves a simple elimination

mechanism illustrated in the following scheme. This mechanism
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1s especlally plausible since the N-O bond is most likely
;fLoriented (LXXVIII) and hence trens dlaxially disposed
toward the C5 hydrogen atom--the most favorable configuration

for eliminsatlon.

LXXVIII

It beceme important at this point, in connection with
the stereochemical natufe of 05, to determine whether or not
the C; hydrogen of Yohimbé alkaloids could be epimerized in
the derivatives possessing quaternized Ny atoms. In thelr
work on the correlation of dihydrocinchonamine (LVII) with
corynantheine (LXII), Wenkert and Bringi prepared the quater-
naryiammonium tosylate salt LXVI as a common intermediate
from both alkaloids (97, 98). While they had made no com-
ments regarding the stereochemistry of Cz (Cg of the cinchona
alkaloids) in this compound, Augustine (111) assumed that an
X conflguration of the Cz hydrogen had been implied and con-
tested the validity of thls configuration:. He argued that
the asymmetric center 1n question may be eplmerized under the

experimental conditions employed in the preparation of the
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tosylate salt (LXVI), the key intermediate in the corynanthe-
ine/dihydrocinchonamine correlation. Consequently,.he claimed
that one cannot asslgn correctly the Cz configuration on the
baslis of these studies alone.

To test the Augustine argument, the metho-p-toluene-
sulfonate salts of both yohimbine and pseudoyohimbine (LXXIXa

and LXXIXb respectively) were prepared by treatment of the

‘ (]

@LCHQ’OTbs

' LXXIXa: as shown
LXXIXDb: CS-H ,5

alkalolds with methyl p-toluenesulfonate in dry benzene. .The
yohimbline derivative was found to be hygroscopic 1n'the lmpure
state and could not be recrystalllzed 1n media containing
large amounts of hydroxylic solvents.: The.salts thus pre-
pered were exposed to refluxing acetic acid. Work-up of both
reaction mixtures gave back starting meterials in nearly
quantitative recovery. Wenkert and Roychaudhurl have ‘shown
that exposure of pseudoyohimbine to a refluxing hydrobromic
acid-acetic acid mixture‘effected 8 Cz eplmerlzation to

yohimbine (83). Much work has also been done in the field
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of D/E cis alkaloid systems; notably in the reserpine famlily
(112). Acetic acid treatment of reserpine (LXXXa) or its Cx
epimer, 3-1soreserpine, gave in either case an eQuilibrium
mixture containing,zo% reéerpine and 80% 3-isoreserpine.
Ring-A demethoxy analogues, such as deserpidine (LXXXb) and
its 05 epimer, epimer;zed more diffipultly under similar con-
ditions. Wenkert has also shown that hydrobrdmic acid-acetic

OCH,

OCH,

LXXXb: R = -H

acid equilibration of either alloyohimbane (XLI) or its Cz

eplmer, epialloydhimbane (XLII), leads to an equllibrium mix-
ture containing 78% eplalloyohimbane (86). It appears there-
fore that Oz epimerizations of indole alkaloids with D/E cis
fing Junctions are a function of ring'E substituents. In
gpite of the evidences Just cited for the eplimerizations of
both D/E cis and D/E trans indole alkaloid systems in acidic
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media, 1t is worthy to note that no eplmerlizations were de-
tected when the prepared metho-p-toluenesulfonate salts were
exposed to refluxing acetic acid.

In conducting the quaternization reactions to form the
desired tosylate salt, LXVI, needed for thelr correlation
studies, Wenkert and Bringi employed a pyridine medium under
refrigerated conditions (97). In order to prove or disprove
Augustine's suggegtion that Cz 1s eplmerizable under these
conditions, the methotosylate salts of yohimbine and pseudo;
yohimbine were exposed to pyridine at room temperature for
several hours. Upon work-up of the reaction mixtures, start-
ing materlal was recovered in both instances. Refluxing the
salts in pyridine also did not effect eplmerization in either
case. These studles therefore demonstrated that Augustine's
suggestion regarding Cz eplmerizations was incorrect.

Since the attempted peracid oxidatlon of yohimbone to a
ring E lactone, which has been discussed earlier, could not
be readlly accomplished, a second sequence of reactions was
undertaken to cleave ring E and to convert it into desired
intermediates for the eventual preparation of the 15,20-
diethyl compound LXXII. It had been shown by Wenkert and

Bringi® that yohimbone may be converted to a compound

*Ernest Wenkert and N. V. Bringl, Iowa State University
of Science and Technology, Ames, Iowa. Private communica-
tion. 1967.
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believed to be the dlacetate derivative LXXXVI by the sequence

of reactions illustrated in the following scheme. These con-

K'0 t-bu » 1) Tosyl chloride, KOH‘
' K4
n-BuONO 2) HC1
NOH
0
LXXXI
W CHaNg |\ o 1) KOH S
CEN ¢sn  2) CHgNg COxCHy
LXXXII LXXXIII LXXXIV
L1A1H4 H-' ACZO H-'
—) 3
OH  Pyridine ° ORc
OH ORAc
LXXXV LXXXVI

versions were re-conducted with the hope of improving the ex-
perimental procedure and obtaining a sufficient yield of the
diacetate for further conversions toward the desired product.

The only intermediates isolated during the reaction
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sequence, and for which ylelds could therefore be calculated,
were LXXXIII (25% yield from XXVII), LXXXIV (89% yield from
LXXXIII), LXXXV (80% yield from LXXXIV) and LXXXVI (26% yield
from LXXXV). The first thrée mejor steps of the sequence
appeared to be the most critical. It was not possible to
determine which, i1f any one, of these three steps was the
most difficult to accomplish in good yleld since the inter-
mediate prdducts were h&t 1solated. Experimental considera-
tions indicated that the nitrosation reaction was the most
critical, since slight alterations of the optimum eXxperimental
conditions found for this step resulted in drastic yield
reductions of LXXXV. Minor amounts of a dicyano by-product

(LXXXVII), formed through a dinitrosation reaction on

™ K 0" t-bu . o Tosyl chloride .
[4
n-BuONO -
: HON NOH
0 0
KOH »”
—_——y H
CsN CEN

LXXXVII
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yohimbone, could be removed from the potassium salt of LXXXII.
by chloroform extraction before regeneration of LXXXII with
hydrochloric acid. Analyses of LXXXIII and LXXXVI, as re-
ported in the Experimental section, were obtained but did not-
quite agree within the accepted limits. Time did not permit
further work to be done beyondathis point.

Due to the efforts of Bartlett and Taylor,* ajmaline
(LXXXVIII) and its C-ethyl epimer, 1soajmaline, were con-
verted by a series of reactions to a tetracyblic.derivative
of the structure LXXXIX. Since the absolute stereochemistry

of a closely related‘compound, 18,18-dihydrocorynantheane

OH
1> | X & 108
N_ _OH N €104
| —
CH,
LXXXVIII LXXXIX

(LXIV), had previously been determined by Wenkert and Bringi
(97, 98), it was highly desirable to convert it into a com-

pound of the structure shown by LXXXIX and thus determine the

*M. F. Bartlett and W. I. Taylor, CIBA Pharmaceutical
Products, Inc., Summit, New Jersey. Private communication.

1960.
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absolute stereochemistry of ajmaline and lsoajmaline.

The requlfed modifications of 18,19-dihydrocorynantheane
were 1) oxldatlon of ring C to the tetradehydro state and 2)
introduction of a methyl group on N,, the indole nitrogen
atom.' The desired materials for this study were 18,19-
dihydrocorynantheane, derivable from‘corynantheine or ajmali-
cine (97, 98, 99, 10G, 10l1), and corynantheidane, 1its Cop

eplmer, derivable from corynantheidine (XC) (113).

CHy 0,0~ S CHOCH,
XC

Due to the greater avallability of ajmalicine, this was
selected over corynantheine as the source of 18,19-dihydro-
corynantheane. The general sequence of reactions used for
this conversion was reported by Wenkert and Bringi (97, 98)
and has already been mentioned. Modification of several of
the reactlon steps enabled better ylelds to be obtained for
some intermedlates in the present study. Kimoto and coworkers
have shown that conductlng an Oppenauer oxidation on yohimbine

'in benzene rather than in xylene, as initially performed by
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Witkop (49), yielded yohimbinone (XCI) instead of yohimbone
(XXVII), the ordinary Oppenauer oxidation product (114). It

was thought that application of this milder version of the

XCI

Oppenauer reaction to the oxidation of ajmaliciol (LIX) tb the
ketone (LX) would incresse the yield of the latter, which at
pest had been only 37% of the theoretical when xylene had been
used as solvent (98). The new reaction conditions improved
the over-all yleld of ketone to 74% and led to recovery of
unreacted alcohol for re-use 1n more oxidation reactions. The
ketonic product (LX) was susceptible to alr decomposition and
was best stored under nitrogen until needed. Reducing the
reaction time for the Wolff-Kishner reduction to which this
ketone was next exposed also enabled better ylelds of the
diethyl product to be obtained.

Cofynantheldane, the other compound desired for this

investigation, was prepared from corynantheidine (XC)
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according to the procedure reported by Janot et g;.‘(lls).

Palledium-black/maleic acid oxidations of 18,19-dihydro-
corynantheane and corynantheidane were conducted according-to
the procedure developed by Majima and Murahashi (57) and
applied with much success by Wenkert and Roychaudhuri (83).
The ring C tetradehydro deriveatives were oﬁtained as thelr
perchlorate salts in reasonably good.yields.

Attempts were next made to introduce the Ng-methyl group
into these derivatives. The 3,4,5,6-tetradehydro derivative
of yohimbane (XCII), also prepared by a palladium-black/maleic

acld oxldation, was used as a model for the proposed reaction

cloy
Methyl . *

L4
p-toluenesulfonate

XCIV
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sequence. The free anhydronium bsse XCIII was liberasted by
treatmént of XCII in methanol with 10% sodium hydroxide solu-~
tion. Ether extraction of the basic mixture and veduum re-
moval of the ether solvent gave the free base as a yellow
solid. This wes then treated with methyl p-toluenesulfonate
in dry benzene to yield a product which, upon trestment in »
metganolic solution with perchloric acid gave the yellow per-
chlorate salt of Ny-methyl-3,4,5,6-tetradehydroyohimbene
(XCIV). Application of this reesction sequence to the ring-C
tetradehyaro derivatives of 18,19-&ihydrocorynentheane and
corynanthéidane geve, on firsf triel, an unidentified product
and later, intermediatés which rapidly decomposed;

The next approsch taken to the problem was the introduc-
tion first of the Ng-methyl group into 18,19-dihydrocorynan-
theane and corynantheidane, followed then by ring-C dehydro-
genation. The method used for the Ngj-methylation was a
"modificetion of that used by Witkop for the preparation of
Ng-methylyohimbane (118). Yohimbene was sgain employed as
the model for these conversions. Trestment of the elksaloid
with potassium in dry benzene gsve the Ng-potassio sslt which
was treeted with excess methyl lodide. The precipitate which
formed was a mixture of potassium lodide and fhe.methiodide
salt of Ngy-methylyohimbane. It had previously been shown by
Karrer end Schmid (116) and by Schlittler and Hohl (117)

that quaternzry ammonium chlorides of indole slkeloids upon
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‘exposure to high vacuum pyrolyses regenerated the parent
alkaloid in reasonably good yleld. Application of thls pro-
cedure to the potassium lodide-methiodide salt mixture ob-
tained in the methylation reaction Just‘described gave a 62%
yleld of Ng-methylyohimpane. Similar methylation and pyfol—
ysls reactions were conducted on 18,19-dihydrocorynantheané
and corynantheldane. The Ny-methyl derivetive of the former
was obtailned as a crystalline product in 58% yleld. The
corresponding derivative of the latter, however, was an oil
at room temperature and Was_isblatéd as 1ts peréhlorate salt
in about 76% yleld. |

The final step in the desired conversion was the ring-C
oxidatlion of the prepared Ng-methyl derivatives. This was
accomplished by means of the palladium-black/maleic acid
system already described. The 3,4,5,6~tetradehydro products,
a8 thelr perchlorafe salts, were then compared by melting
poinﬁ, mixed melting point, specific rotation and infra-red -
spectrum with the derivatives prepared by Bartlett and Taylor
from ajmeline and isoajmallne.* Ng-methyl-3,4,5,6-tetra-
dehydro-18,19-dihydrocorynantheane perchlorate (XCVa) was

found to be identical in all respects with the derivative

obtained from 1soaJmaline; d-trans-2,3-diethyl-1,2,3,4-tetra-

*M. F. Bartlett and W. I. Taylor, CIBA Pharmaceutical |
Productse, Inc., Summit, New Jersey. Privete communication.
1960. '
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XCVa: as shown

- XCVb: Czo—H_ A

'hydro-lz-methylindolo[?,S,a quinolizinium perchlorate. By
similar comparisons of physicel constants, Na-méthy1-3,4,5,6—
tetradehydrocorynantheidane perchlorate (XCVb) wes found
identicel with l-cis-Z,3-dilethyl-1,2,3,4-tetrehydro-12-methyl-
indolo-[?,S,é]quinolizinium‘perchlorate octained from ajmeline.
These correlstions indicete that the absolute configurs-
tions of ajmaline and 1soajmaline &t Cz, Cy5 and Coy are as
depicted in XCVIa end XCVIb respectively. Furthermore, the
stereochemistry of Cg, Cp and Cyg 1s fixed 28 shown in XCVIa

XCVIa: @as shown

XCVIb: Cgo-H end 021-0H/6
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and XCVIb, once the conflguration of Cj5 has been established.
No data from the present'studonr previous investigations
has a bearing on the stereochemistry of C,. The orientation
shown for the C;n hydroxyl group is assigned on the basis of
earllier investigstlions on ajmaline and related compounds. In
1957 Gorman et al. (118) reported the isolation of sandwicine

from two Rauwolfia speéleé, R. sendwicensis A.DC. and R.

mauiensis Sherff. Investigations of its physical and chemical
properties strongly suggested a basic structure very similar
to that of ejmaline (LXXXVIII).

Sandwicine, upon sodium borohydride reduction, ylelded
a dihydro derivative similar to the derivative XCVII (stereo-
chemistry not implied) obtained from ajmaline by a'similar
reduction (119). Lead tetraacetate oxidation of both the
derivative obtalned from sandwicine and that obtained from
ajmaline gave the ldentlical compound, the hemiacetal. XCIX,
formed through the initial formation of XCViII followed by
immediate cyclization to the hemiacetal. The formation of
identlical oxldation products suggested that dihydrosandwicine
and dihydpoajmaline were isomeric at 017, the only center
affected in the lead tetraacetate treatment. This also sug-
gested that the parent alkaloids, sandwicine and ajmaline,
were epimeric at Cynp, although the possibility of 021 190;

merism cannot be ruled out completely.
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H
2 CHO
N-H PE(0Ac) 4 y ’I
N OH OH
CH;
XCVII XCVIII

XKCIX

Ajmalidine, an alksloid first isolested by Pekrashi et gl.
(120) wes shown to possess the structure C by spectrel anal-
yses (121). Sodium borohydride reduction of this alkaloid
gave a tetrshydro derivaetlve which was identical with
dihydrosandwicine. Since the reduction of the cyclopentanone
ring proceeds by attack of the reducing agent from the least
hindered side, in this case; from the top side, this reéults
in the formation of 2 hydfoxyl group oriented downwerd, cis
to the C15-C1s bond. This 1s illustrated in CI, =z partiel

structure of dihydrosandwicine. Due to the detérmination



65

”‘” _OH
A

C ‘ : CI

earlier of the relationship between sandwicine and ajmaline,
these additional data suggest that the C,, hydroxyl in
ajmaline 1s oriented akove the five-membered ring, trans to
the C15-C;5 bond, as depicted in XCVIa.

Due to possible equilibrstion through the acyciic amino
aldehyde form CIII, the carbinol amine hydroxyl group at Coq
of ajmaline cen assume the most stable orilentation, which
would be expected tb be trans to the'adjacent Cop ethyl sub-

/,stituent.' This is shown in CII (absolute configurations not

CHO

CII ' CIII
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implied). Since the present abso lu te configuration studles
have shown that the Cop hydrogen 1s &« -oriented in ajmaline,
the 021 hydroxyl group must be o -oriented also to place it

in the more stable trans relationship with the ;?—oriented
ethyl group at‘Czo. In like fashion, the 021 hydroxyl group
in isoajmaline occuples a,A?-orientation, trans to the 020
ethyl group which was found to be o -oriented in the present
study. These assignments are deplected in XCVIa and XCVIb, the
absolute representations of ajmaline and isoajmaline, respec-
tively.

Most previous determinations of the stereochemistry of
indole alkaloids have revealed a common & orientation of
their Cyg hydrogens. A possible means for further proving
the uniqueness of this configurstion in yet unstudied indole
alkaloids would be the introduction of a unit containing this
esymme tric center into the alkasloid structures through syn-
thetic processes. Since the absolute configuration of
yohimbine (XVIII) had already been determined by physical
means (71), an attempt was made toward degrading yohimbane
(XXIX), a derivative of yohimbine, to a substituted isoquino-
1ine (CIV) conteining the asymmetric Cjs of the original
alkaloid. Appropriate synthetic applications of this unit
would make possible the determinations of the absolute con-
figurations of other alkaloids at this and related asymmetric

centers.
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XXIX CIV

Quaternization of Ny, followed by a Hofmann elimination
reaction were considered as first steps toward the preparation
of the desired isoquinoline unit from yohimbane. Of the three
possible elimination products which could form (CV, CVI,
CVII), the first was considered the most useful for further

CVl - CVII

degradative work. Pymen has shown thet similar treatment of
tetrahydroberberine methohydroxide (CVIII) ylelds the derive-
tive CIX containing a ten-membered ring comparable to CVII
(123).
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X

>
N\ 2

CH,0

. N
|
OCH,  CH;,0H® C|H3

CVIII , CIX

Treatment of yohlmbane with methyl lodide in dry benzene

gave the corresponding Ny -methiodide, CX, which was converted

to the methohydroxide by treatment with silver hydroxide. The
product was isolated and used wilthout further purification.
‘Exposure to vacuum pyrolysls converted it into a low melting
solid which upon catalytlc hydrogenation gave a white solid
which could not be purified by erystallization to a sharply
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melting compound. Purification by chromatography gave two
oily fractlions and two solias, the first solid being éluted
with 10%'Skelly B 1in benzene and with pure benzene itself,
and the second solid being eluted with 20% ether in benzene.;
Time permitted the identification of only the last of these
fractions. Crystallization in methanol gave white needles
which showed no depression of melting point upon admixture
with authentic yohimbane. Experimental observations indicate
that at least one Hofmann elimination product was formed in
the pyfolysis reaction, but until the remaining chromato-
graphlc fractions are identified, it 18 not possible to deter-
mine which of the possible products (CV, CVI, CVII) was

actually formed.
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EXPERIMENTAL

The solvents used in this study were of the ordinary com-
merclal grade and were used without further purification. The
alumina used for chromatographic separations and purifica-
tions was first treated with ethyl acetate, washed with water
and methanol, and then activated by heating for 12 hours at
- 115°C before being employed-.

Infra-red spectra were taken with a Perkin-Elmer Model 21
Infré—red Spectrophotometer and a Perkin-Elmer Model 137
Infracord Spectrophotometer. A Cary Model 14 Recording
Spectrophotometer was used for the recording of ultraviolet
spectra. All melting points were determined on a calibrated
Kofler micro-hot stage melting point apparatus. Microanalyses
were done by Mr. L. Dorfmann; CIBA Pharmaceuticel Products,
Inc., Summit, New Jersey; Drs. Weller and Strauss, Micro-
analytical Laboratory, Oxford, England; and.Dr. A. Bernhardt,
Max Planck Institute, Milheim (Ruhr), Germany.

Preparation and Chemlcal Investigations
of Yohimbone N-Oxlde

Preparation of perbenzoic acid

The procedure used for this preparation was given by

Braun (123).
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Preparation of standard sodium thiosulfate solution

Procedures used were based on those described by Diehl
and Smith (124). |

A stock thlosulfate solution was prepared by dissolving
5 g. of sodium thiosulfate pentahydrate and 50 mg. of sodium
carbonate ;n gufricient distilled water to make 100 ml. of
solution. This solution was standardized by the following
general procedure. Welghed samples of potassium iodate (in
the range of 20-40 mg.) were each dissolved in 15 ml. of dis-
tilled water. To the solutions were added 0.6 g. of potassium
iodide and 2 ml. of a 1:10 diluted solution of hydrochloric
acid. The liberated lodine in each solution was then titrated
with the prepared thiosulfafeAsolution, using a starch indi-
cator to intensify the end point. The normality of the sodium
thiosulfate solution was determined by the relationship:

_ : . wt. of KIOz sample
~ (ml. of thlosulfate solution used)(meq.wt. of KIOz)

N

-

Standardization of the perbenzoic acid solution

To a mixture composed of 50 ml. of distilled water, 5
ml. of glacial acetlc acld and 5 ml. of .chloroform was added
0.5 ml. of the prepared perbenzoic acid solution. The mix-
ture was well agltated, and the liberated iodine was titrated
with stanaard thiosulfate solution. Three such determina-

tions were made, and the concentration of the perbenzoic acid
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solution was calculated utilizing the information given by

Braun (123) that 1 ml. of 0.1 N thiosulfate solution is

equivalent to 0.0089 g. of perbenzoic acid.

Preparation of yohimoone N-oxide

To & solution of 250 mg. (8.5 x 10™% m.) of yohimbone in
25.ml. of chloroform were added 117 mg. (8.5 x 10"4 m»j of
perbenzoic acid in chloroform. The exact volume of peracid
solution used was dependent upon its concentration as deter-

- mined by the previously described standardization procedurek
The resulting reactlon mixture was placed under reffigeration
in a stoppered flask. After several hours, the formation of
a thick gel was observed. The resction was allowed to proceed
overnight under refrigerated conditions. The absence of un-
reacted peracid was indicated by a negative test with starch-
fodide paper. The gel was broken up into smallef fragments,
and these were collected by suction filtratlon. The colleeted
cake of materlal was pressed dry of solvent, washed with cold
chloroforu, and dried by suction. The hard solid femaining
could be pulverized into a light tan powder and welghed 235
mg. (7.6 x 104 m., 89.4% yieid). It appeared to melt

sharply around 187°C. Recrystallization in methanol gave &
white amorphous solid melting at 185-186.5°C. The picrate
salt of the product was prepared by treating a hot eaturated
solution of 25 mg. (8.1 x 10”° m.) of the N-oxide in 95%
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ethanol with an equal volume of a saturated solution of picrié
acid in 95% ethanol. The resulting solution was boiled for
one minute and was then allowed to stand at room temperature
overnight. The yellow solid which crystallized in small
clusters out of solution was collected by filtration and
washed with cold 95% ethanol. This crude product weighed 30
ng. (5.6 x 105 m., 69% yield) and melted at 195-200°C.
Récrystallization in 95% ethanol ylelded yellow needles
melting at 198-200°C. An analytical sample, dried at 100°¢
and 1 mm. pressure for 12 hours, gave a melting polnt of

£00-2°C dec.

Analysis: Calculated for CogHysligOg-CoHOH: C = 55.38;
H= 5.34; N = 11.96. Found: C = 585.38; H = 5.54; N = 12.21.
Reductionvof yohimbone N-oxide

Z;nc and acetic acid géthod Activation of zinc powder

for use in the reductlon was performed in the following manner.
Six g. of zinc powder were stirred in 15 ml. of 2% hydrdchlor-
ic acid solution for a few minutes. The zinc was then col-
lected by suction filtration and washed successively with 15
ml. of 2% hydrochloric acid solution, 45 ml. of distilled
water, 20 ml. of 95% ethanol and 10 ml. of absolute ether.
The activated powder was dried at 115°C for several hours
and was kept 1& a stoppered bottle until needed.

Forty mg. (1.3 x 104 m.) of yohimbone N-oxlde were
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dissolved in 10 ml. of glaclial acetic acld. To this solution

‘were added 120 mg. of activated zinc powder, and the mixture

was heated on a steam bath for 20 minutes wlth frequent agita-
tion.. After being cooled to room temperature, the reaction
mixture.was neutralized with saturated sodium bilcarbonate
solution and then basified with ammonia. The basic aqueous
solution was extracted with chloroform, the organlc extract
dried over anhydrous sodium‘éulfaﬁe, the drying-agent'rembved
oy filtration, and the filtrate evaporated to dryness. The

tan solid residue was crystallized in methanol, giving white

‘silken needles melting at 306-7°C. Admixture with authentic

yohimbone did not depress the melting point.

Catalytic hydrogenation method To a solution of &0
mg - (1.6 x 10'4 m.) of.yohimbone N-oxide in 95% éthanol, con-
tained in a hydrogenation flask, was added 10 mg. of 5% pal-

ladium on charcoal catalyst. Hydrogenation was allowed to

proceed at room temperature and atmospheric pressure for

5 1/2 hours until no furthe: uptake of hydrogen was observed.
The catalyst was reﬁoved by filtration, and the filtrate was
evaporated to dryness in vacuo, leaving a brown solid residue.
Crystalllzation in methanol with Norit purification gave
white silker needles melting at 305-6°C. Admixture with

authentic yohimbone did not cause a depression of the melting

point.
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Reaction of thimbone N-oxide with hydrochloric acid

Five hundred mg- (1.6 x 105 m.) of yohimbone N-oxide
were dissolved in 5 ml. of glacial acetic acid, and to this
solution were then added 2.5 ml. of concentrated hydrochloric
acld. The reaction mixture was heated under nitrogen for one
hour 1n a boiling wéter bath. Most of the solvent was then
removed. by heating in vacuo, and the residual concentrated
1iquid was diluted with water and tasified with ammonia. The
heavy precipitate which formed was taken back into solution
with acetic acid, and the acidic solutlon was treated with
saturated potassium perchlorate solution. A light yellow
precipitate formed and was collected by suction filtration,
washed with cold water, and dried. This crude product,
welghing 110 mg. (2.8 x 1074 m., 17.5% yield) and melting
at 265-270°C, was recrystalllzed in methanol to yleld feathery
needles with a melting point of 272-3°C. Its ultraviolet
spectrum taken in 95% ethanol showed maxima at 355 %F.(log ¢
4.3) and 247 nu (log € 5.7). These data compared favorably
with those of 5-dehydroyoh1mboné perchlorate prepared by the
mercuric acetate>ox1dation of yohimbone,acbording to the pro-

cedure described by Wenkert and Roychaudhuri (84).

Pyrolysis of yohimbone N-oxide

A sublimation apparatus confaining 15 mg. of yohimbone

N-oxide under 1 mm. pressure was immersed in a Wood metal
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bath which had been preheated to 185°C. The temperature was
slowly raised to 200°C during which time a light tan solid
collected on the acetone/dry ice-cooled finger. Thls sub-
limate welghed 4 mg. and melted at 260-5°C. Chromatography
on alumina of 11 mg. of this material (obtained from a total
of 40 mg. of amine oxide exposed to this pyrolysis reaction)
gave 3.6 mg. of a white solid upon elution with 75% ether in
benzene and removal of solvent. '

Similar chromatographic treatment of the 20 mg. of
residual materlal rémainlng after the above pyrolysis reac-
tions ylelded 10 mg. of a white solid melting at 272-8°C.

vCrystallization in methanol of both chromatographic products
gave 1n each case white needles melting at 305-6°C. Admix-
ture with authentic yohimbone did not depress the melting
point of elther sample.

Studies of the Methyl p-Toluenesulfonate Salts
of Yohimbine and ¥ -Yohimbine

Preparation of methxi p~toluenesulfonate

The reegent was prepared from'p-toluenesulfonyl chloride
and methanol according to the procedure given by Roos et al.

(125) .

Preparation of pseudoyohimbine metho-p-toluenesulfonate

One gram (2.8 x 10'3 m.) of pseudoyohimbine was dis-
solved in 26 ml. of dry benzene. To this were added 550 mg..
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(2.9 x 10™° m.) of methyl p-toluenesu1f6nate, and the result-
ing.solution was refluxed under nitrogen and in the absence
of molsture for about 3 hours. IThe precipitate which formed
was collected by suction filtration, wasﬁed with dry benzene,
and drled by suction. Welght of the crude product wes 1.12
g. (2.1 x 1079 m., 75% yleld). This was crystallized in
ethanol/ethyl acetate to yleld white platelets, m.p. 283-4°C.
 Analyses; Calculsted for CogHzgOgNoS: C = 64.42;

H=6.751; N = 5.18. Found: C = 64.16; H = 6.81; N = 5.15.

‘Ereparation of yohimbine metho-p-toluenesulfonate

Treatment of 1 g. of yohimbine with 550 mg. of methyl
p-toluenesulfonate was conducted according to the procedure
described above. The product (975 mg., 64% yleld) tended to
be hydroscopic in the lmpure stete. It was best crystallized
from ethjl acetate and a minimum of methanol, yielding white
platelets melting at 218-220°C.

Analysis: Calculated for CpgHzgOgNpS: € = 64.42;
H=6.71; N= 6.18. Found: C = 64.77; H= 6.95; N = 5.12.

Equilibration studies

Fifty mg. of yohimblne metho-p-toluenesulfonate were
refluxed in 2 ml. of glacial acetic acid for 1 hour. Removal
of the solvent in vacuo gave a residue which was crystallized

in methanol/ethyl acetate. The purified compound melted at
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217-19°C and showed no melting point depression when mixed
with starting material. Recovery of material was nearly
quantitative. Fifty mg. of pseudoyohimbine hetho-p—toluene—
sulfonate were treated in simllar fashion. The crude producf,
weighing 45 mg., gave white platelets, m.p. 283-500, upon
crystallization. This melting point wes not'depressed ﬁpon
admixture with starting material.

Exposure of 50 mg. of4each quaternary salt to 2 ml. of
dry pyridine at room temperature overnight, followed by re-
moval of solvent in vacuo, ylelded meterial which‘ﬁpon re-
érystallization wes again ildentified as starting material in
each case. Evén exposure to refluxing pyridine did not effect
eplmerization in elther system.

Preparation of some Ring C-Dehydrogenated
Indole Alksaloid Derivatlives

Preparation of 3.,4,5,6-tetradehydroyohimbane perchlorate

Le Hir et al. have reported the preparation of this com-
pound by treatment of yohimbane with lead tetrascetate and

with acidic palladium on charcoal (126). The procedure used

—_—

in this study was based on a palladium-black/malelc acid

oxid'ation method described by Wenkert and Roychaudhuri (83).
A 200 mg. sample of yohimbsane (7.1 x 10'4 m.) was added

to an aqueous solution of 450 mg. (3.9 x 10~9 m.) of recrys-

tallized maleic acid. To this were added 100 mg. of
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palladium-black catalyst, and the mixture was heated on a
steam bath for 8 hours with occasional stirring. The hot

reaction mlxture was filtered, cooled to room temperature, and

- treated with sufficient perchloric acid to cause complete

precipitation of product. The precipitate, welghing 245 mg.
(6.5 x 10~% ., 92% yleld), was orystallized in methanol to
glve yellow needles, m.p. 250-1°¢C. Reported melting point
for 3,4,5,6-tetradehydroyohimbane perchlorate was 252°C (126).
The product showed ultraviolet absorption maxima in 95%
ethanol at 208 oM, 252 mM, 307 WA, and 361 mu, characteristic
of ring C-tetradehydro derivatives of indole alkalolds (83).

Preparation of 3,4,5,6-tetradehydro-
18,19~dihydrocorynantheane perchlorate

18,19-Dihydrocorynantheane This compound was initial-
1y prepéred from ajmalicine by the sequence of steps reported
by Wenkert and Bringli (98). Results were compesrable to those
reported in the publication. The modifications reported below
were subsequently used to improve the experimental procedure
and yield in the Oppenauer oxidation of ajmaliciol. These
modificatlions involving ﬁilder reaction conditions were based
on a procedure reported by Kimoto et al. (114). |

‘To a solution of 75 mg. (2.5 x 104 n.) of ajmaliciol in
6 ml. of dry benzene were added 4 ml. of freshly distilled
cyclohexanone and 0.5 g. of aluminum phenoxide. The resulting

mixture was refluxed under a dry nitrogen atmosphere for 8
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hours at 115-120°C bath temperature. It was then cooled and
extracted with 2N sulfuric acid. The acldic solution was
washed with small amounts.of ether and ﬁhen basifled with
ammonia. The resulting precipitate was extracted with ether,
and the ethereal solution was dried over anhydrous magnesium
sulfate and evaporated in vacuo under nitrogen. Chromsto-
graphy on alumina of the resulting residue gave, upon elution
with 1:2 benzene-ether, 31 mg. (1.04 x 10~% m.) of 18,19-
dihydro-19-corynantheorne, identified by melting point and‘
infra-red spectrum. The observed melting point was 223-5°C;
reported melting point was 225-7°C (98). Further elution of
the column with 9:1 ether-methanol gave 32 mg. (1.07 x 1074
m.) of ajmeliciol, identified by infra-red spectrum. This
was again used in subsequent oxidations. The yleld of ketone
obtained was 74%, based on the amount of alcohol actually
undergolng reaction.

The ketone thus obtained was exposed to a WOlff-Kishnér
reduction as described by Wenkert and Bringil. An improvement
in yield from 42% to 62% could be accomplished by reducing
the reaction time from 4 hours to 3 1/4 hours. '

Ring C dehydrogenation of 18,19-d1hydrocorynanthéane
Palladium-black and malelc acid oxidatlon of 18,19-d1ihydro-

corynantheane was carried out according to the general pro-
cedure described earlier for the preparation of 3,4,5,6-

tetradehydroyohimbane. Quantities used were 10 mg.
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(3.5 x_lO's m.) of 18,19-dihydrocorynantheane, 20 mg. (1.7 x
10~% m.) of malelc acid, and 5 mg. of palladium-black cata-
lyst. Addition of perchloric acid to the filtered reaction
‘solution gave 6 mg. (1.6 x 107° m., 46% yleld) of 3,4,5,6-
tetradehydro-18,19~dihydrocorynantheane perchlorate which was
purified by recrystallization in methanol. Yellow needles
melting at 203-5°C were obtained. '

Anelyses: Calculated for CygHpzNoCl04: C = 60.23;

Preparation of Siﬂls;6-tetradehxdrocorynantheidane perchlorate

Corynantheidane was prepared from corynantheidline aceton-
ide according to procedures reported by Jenot et al. (113).
Oxidatlion of this prodﬁct with palladium-black and malele acid
following the procedure described above for the similar oxida-
tion of 18,19-dihydrocorynentheane géve the tetradehydro
derivative as the perchlorate salt in 75/ yield. Melting
point of the recrystallized‘(methanol) product was 221-2°C.

Analysis: Calculated for CygHo3N5C104: C = 60.23; H =
6.12; N = 7.40. Found: C = 60.63; H= 6.21; N = 7.00.

Ng-Methylatlons of some Indole Alkaloids

Preparation.of Ng-methylyohimbane

Modifications of a procedure described by Witkop for the
Ng-methylation of yohimbene were employed for methylations in
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this investigation (115). _ -

To a solution of 60 mg. (2.1 x 10°% m.) of yohimbane in
4 ml. of dry benzene were added 10 mg. (2.6 x 107% m.) of
. potassium metal. The mixture was stirred under reflux in a
dry nltrogen atmosphere for several hours until the potéssium
metal was consumed. The resulting suépensioh was céoled to
room temperature and treated with excess methyl 1odide dis-
solvéd in dry benzene. The reaction mixture was stirred
overnight, and the pfeclpitate of KI and Na-methylyohimbane
methiodide which formed in the resction flask waes then col-
lected and uried. Forty mg. of this mixture (total weight -
120 mg.), when heated in vacuo under sublimation conditions
in an oil bath at 280-30000, gave a solld sublimate which
melted et 178-9°C after erystallization in methanol. The
melting polnt reported by Witkop for Ng-methylyohimbane was
179°C.' Total yield of product obtalned by pyfolysis of the
120 wmg. of crude reaction precipitate was 38 mg. (1.3 x 107%
m., 62/% based on the amounﬁ of yohimbane used). |

Treatment of the pyrolysis/sublimation product with ex-
cess methyl 1lodide in dry benzene ylelded the corresponding
methiodide salt, m.p. 287-8°C. Reported melting point for
Ng-methylyohimbane methiodide was 288~9°C (115). Exposure of
this methlodide salt to pyrolysis/sublimation at 280-300°C

agalin afforded Ng-methylyohimbane.
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Preparation of Ng-methyl-18,19-dihydrocorynantheane

Following the procedure described above, 10 mg. (3.5 x
10~% m.) of 18,19-dihydrocorynantheane in 4 ml. of dry benzene
were treated with 6 mg. (1.5 x 104 w.) of potassium metal.

_ Addition of two 0.5-ml. quantities of methyl iodide at 45
minute intervals to the resulting suspension of potassium
salts gave after 15 hours 20 mg. of & white precipitate.
Pyrdlysis of this material under sublimation conditions at
300-340°C gave 6 mg. (2.03 x 10~° m., 58% based on 18,19-
'dihydrocorynantheane) of crystalline sublimate which was
crystallized in aqueous methanol to yileld purified Ng-methyl-
lé;lQ-dihydrocorynantheane, m.p. 109-110.5°C, D*JD-22°
(metheanol) . '

Analysis: Calculated for CooHggNg: C = 81.03; H =
9.52; N = 9.45. Found: C = 79.71; H = 9.52; N = 9.24.

Preparation of Ng-methylcorynantheidane perchlorate

In similar fashion, addition of 20 mg. (5.1 x 104 m.).
of potagsium to a solution of 60 mg. (2.1 x 10~ m.) of
corynantheidane in 5 ml. of dry benzene gave a suspension to
which were added three 1l-ml. quantities of methyl lodide at
2 hour intervals. After a totai of 8 hours reaction time the
white precipitate of KI and Ng-methylcorynantheidane methio-
dide weighing 127 mg. was collected. Fifty mg. of this mix-
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ture were flash-pyrolyzed and sublimed in vacuo at 280-320°C.
The oily sublimate (Na-methjlcorynantheidane) was dissolféd
in a slightly warm 5% acetic acid solution. The acidlc solu-
tion was cooled to room temperature and treated with a few
drops of perchloric acid. The pale yellow precipitate which
formed welghed 25 mg. (6.3 x 107° m., ca, 76% yleld based on
corynantheldane) and was crystallized in methanol to yleld
fine granular cryétals, m.p. 208.5-210°C. |

Anglysis: Calculated for 620H29N20104-CH30H: C = 57.78;
H= 7.89. Found: C = §57.54; H = 7.48.

Preparation of Ng-Methyl-3,4,5,6-Tetradehydro
Derivatives of some Indole Alkalolds

Preparation of Ng-methyl-3,4,5,6-
tetradehydroyohimbane perchlorate

From 5L@,5L6-tetradehxdroxph1mbaneAgerchlorate Twenty
mg. (5.3 x 10~° m.) of 3,4,5,6-tetradenydroyohimbane perchlor-
ate (preparation described earlier) were dissolved in a small
amount of methanol and treated with a few drops of 10% sodium
hydroxide solution. The resulting'deep yellow solutioh was
diluted with water until a precipitate began to form, and it
wés then extracted with ether.. The ethereal extract was drled
over anhydrous magnesium sulfate and evaporated in vacuo. The
solid residue that reméined was dissolved in dry benzene and
treated with 2 drops of methyl p-toluenesulfonate. The solu-

tion was refluxed 1in the absence of moisture for 3 hours.
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The preclipitate which formed (believed to be Ng-methyl-
3,4,5,6-tetradehydroyohimbane p-toluenesulfonate) was col-
lected by filtration (9 mg., 37%, m.p. 205°C), dissolved in
a minimum of methanol, and treated with perchloric acid. The
preciplitate of Na-methy1—5;4,5,6-tetrédehydroyoh1mbane per-
‘chlorate was filtered and crystallized in methanol to yield
yellow crystals mélting at 250-1°C. This same compound was
also obtained by passing a methanolic solution of the p-
toluenesulfonate salt through a column of Amberlite CG-43
.Type I resin which had been converted to the perchlorate form.
The flltrate obtained was concentrated to yleld the perchlor-
ate salt of Ng-methyl-3,4,5,6-tetradehydroyohimbene, m.p.
250-1°C. |

Anelysis: Caléulated for CgoHozNoCl04: C = 59.64; H =
6.58.

u

6.43; N = 6.62. Found: C = 569.37; H = 6.24; N
From Ng-methylyohimbane A mixture of 20 mg. (6.8 x

10-° m.) of Na—methylyohimbéne, 10 mg. of palladium-black
catalyst, and an aqueous solution of 40 mg. (3.4 x 104 m.)
of malelc acld was heated on a steam bath ovérnight with
continuous stirring. Filtration of the hot mixture followed

by additlon of perchloric acid to the cooled filtrate gave

26 mg. (6.7 x 107°

m., 97% yleld) of the corresponding tetra- .
dehydro perchlorate derivative, melting point 250-1°C - af ter
recrystallization in methanol. This product was identical

with Ng-methyl-3,4,5,6-tetradehydroyohimbane perchlorate



86

prepared previocusly by the action of methyl p-toluenesulfonate

on 3,4,5,6-tetradehydroyohimbane.

Preparatlon of Ng-methyl-3,4,5,6-tetradehydro-
18,19-dihydrocorynanthesne perchlorate

Five mg. (1.7 x 10~ m.) of Na-methyi-lS,lQ-dihydrocoryn-

antheane, 10 mg. (8.6 x 107°

m.) of maleic acid, and 4 mg. of
palladium-black in 5 ml. of water were heated on a éteam'bath
with contiruous stifring for 13 1/2 hours. Immediste filtra-
tion followed by addition of perchloric acid to the cooled
solution gave 4 mg. (1.02 x 1079 m., 60% yield) of Ng-methyl-
3,4,5,6-tetradehydro-18,19-dihydrocorynantheane perchloraste.
This showed a melting point of 198-200°C =nd E“JD+15°
(methanol) after crystallization from aqueous methanol. Its
infra-red spectrum in potassium bromide was 1denticel with
that of d-trans-2,3-diethyl-1,2,3,4-tetrahydro-12-methylindolo-
@,S-a quinolizinium perchloreste obtained from isoajmaline.
Mixed melting point determination of the two compounds

showed no depression.

Preparation of Ng-methyl-3,4,5,6-
tetradehydrocorynantheidane perchlorate

Thirty mg. of the potassium iodide-methiodide salt mix-
tére lsolated in the Na-methylgtion reactlion on corynanthe-
idane (described earlier) were flash-pyrolyzed and sublimed
in vacuo at 300-340°C. The oily sublimate wes dissolved
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directly in 95% ethanol, and the resulting solution was added
to an aquecus ‘solution of 60 mg. (5.2 x 10~% m.) of maleid
acld to which 20 mg. of palladium;black were also added. The
mixtﬁre,was stirred and heated on a steam bath for 16 hours.
The‘solution was filtered hot, and the filtrate plus hot water
washings were condensed to remove most of the ethanol. The
condensed solution was cooled and treated with perchlorié acld
to yield 13 mg. (3.3 x 107° m., ca. 66/% yleld based on initisl
amount of corynantheidans used) of a pale yellow precipitate,
Ng-methyl-3,4,5,6~-tetradehydrocorynantheldane perchlorate.
Crystalllzation 1n aqueous methanol gave flekes melting at
212-4°C, EXJD-27° (methanol) The infra-red spectrum in
potassium tromide of the compound was identical with that of
{-cis-2,3-d1ethyl-1,2,3,4-tetrahydro-12-methylindolo [2, 3-4] -
quinolizinium perchlorate obtained from ajmaline.* Mixed
melting polnt determlination of the two compounds showed no

depression.

Degradation Studies on Yohimbone
Preparation of trana-z—carbomethogx_ethyl-
3—cyanomethyl-1,2,3,4-tetranydro-12H-
indolo iz 5-5 quinolizine

A solution of potassium t-butoxide was prepared by dis-

*M. F. Bartlett and W. I. Taylor, CIBA Pharmaceutical
Products, Inc., Summit, New Jersey. Private communication.

1959.
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solving 82 mg. (2.1 x 107 m.) of potassium ‘metal in 25 mk.
of t-butyl alcohol under a dry nitrogen atmosphoroth iémEhia”
solution were added 300 mg. (1.02 x 10™° m.) of yohimbone,
dried ot 100°C and £ mm. pressure for 12 hours. The result-
ing suspension was stirred under a dry nitrogen etmosphere
with a magnetic stirrer and was immersed in an oil bath maln-

5 m.) quantity of n-butyl

tained at 78°C. A 0.2 ml. (1.7 x 107
nitrite, recently prepared according to the procedure by
Vogel (127) and stored under refrigeration, was added through
a calibrated pipette whose tip was lmmersed below the surface
of the reasction mixture. A brown coloration developed in the
reaction flask, and the suspended yohimbone was observed to
go into solution. The reaction was allowed to proceed, under
dry nitrogen and with stirring, for exactly one minute at 78°C
and for four hours at room temperature. Solvent was then re-
moved 1in vacuo under nitrogen, and the resulting brown frothy
residue was dissolved in 20 ml. of 1:1 acetone-water solution
containing Z g. of potassium hydroxide. A clear brown two-
layer system déVeloped. To. this were addéd 250 mg. (1.3 x
10'3 m.) of recrystaliized p-toluenesulfonyl chloride, and

the resulting mixture was stirred at room temperature for 2
hours. An equal volume of water was then added, and the
oiluted solution was extracted with chloroform. The aqueous
layer, combined with several aqueous washings of the chloro-

form layer, was acldified with concentrated hydrochloric acid.
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The white. precipitate that formed was extracted into n-butanol
and ‘the butanol solvent thei removed by distillation in vacuo
under nitrogen. Complete and raepld removal of solvent was
facilitated by external heating. The residue remaining was
dissolved in a minimum of methanol and treated with a freahlyf
distilled ethereal solution of diazomethane prepared froﬁ 2
g of N-methyl-N-nitrosourea (128). The methylation was
allowed to proceed for 1 hour in a stoppéred flask under
refrigeration with occasional swirling. The sol#ent was then
removed from the cloudy solution in vacuo under nitrogen.
The dark residue was basified with ammonia and extracted with
chlorofopm. The chlorofora solution was dried over anhydrous
magnesium sulfate, filtered, and eveporated in vacuo under
nitrogen. Chromatography on alumina of the resulting residue
'gave upon elution with benzene 84 mg. (2.5 x 10’4 m., 25%
- yield) of crude product. Crystallization in methanol geve
white needles melting at 248-9°C. An analytical sample dried
at room temperature and 1 mm. pressure for 15 hoﬁrs gave a
melting point of 251-252.5°C. The infra-red spectrum of the
_product showed peaks at 4;5/4 (-CN) and 5-8;; (-C0oCHg3) -
Anelysis: Calculated for CpoHpzOoNz: C = 71.19; H =

6.87; N = 12.45. Found: C = 70.50; H = 6.97; N = 12.45.
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Preparagtion of trans-2,3-dlacetoxyethyl-
1,2,3,4-tetrahydro-12H-1indolo [2,3-a]quinollizine

A solution was prepared of 195 mg. (3.5 x 1079 m.) of
botassium hydroxide in 9.1 ml. of ethylene glycol and 0,65
ml. of water. To this were added 130 mg. (3.86 x 10~% m.) of
‘the derivative prepared in the preceding reactlion sequence. |
The resulting mixture was refluxed under nitrogen for 3 1/2
.hoﬁrs. Most of the solvent was then removed by distillation
jn vacuo under nitrogen.. Dilution of the remaining slurry
with water, followed by acidification with concentrated hydro-
chloric acid, gave a white precipitate which was extracted
irnto n-butanol. Removsl of the n-butanol by distillation in
vacuo under nitrogen ylelded a residue which was taken up in
a minimum of methanol and treated with a freshly-distilled
ethereal solution of dlazomethane. Preparation of this re-
agent was referred to in the preceding section. After re-
frigeration for one hour with occasional swirling, 1in a
stoppered flask, the methylation solut;on wes evaporated 1in
vacuo under nitrogen and the residue dried in e vacuum dessl-
cetor. The material was then chromatographed on alﬁmina.
Elution with ether gave, after vacuum removal of solvent under
nitrogen, an oil which gave a peak at 5.75f1 1n the infra-red
‘region but no 4-5)4 peak. This diester, weighihg 121 mg. |
(3.27 x 10~% m., 89% yleld), waes dissolved in 35 ml. of dry

tetrahydrofuran which was freshly distilled from lithium
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alupinum hydride. To the resulting solution were added 520
mg. (1.4 x 1072 m.) of lithium aluminum hydride, and the mix-
ture was refluxed under dry nitrogen for 4 hours. Moist
- 'sodium sulfate was added in small smounts té hydfolyze excess
reducing'agent. The insoluble inorgenic salts were removed
by filtration, and the filtrate wes evaporated in vacuo. The
diol derivative was obtained as an oil weighing 82 mg. (2.6 x
104 m., 80% yield from the diester, 67% yleld from the
initiel starting compound). This oil was dissolved in 3.5
ml. of acetic anhydride and 3.5 ml. of pyridine. The'acetyla-
tion was allowed to proceed with stirring at room temperature
overnight. Excess acetic anhydride was then hydrolyzed by
addition of pleces of ice to the continuously-stirred reaction
mixture. The resulting solution was basified with ammonia,
and the precipitate which formed was taken up in chloroform.
Removal of the solvent in vacuo under nitrogen, after magne—
sium sulfate drying, gave a glasg which yielded é white solld
- upon trituration with methanol. Crystallization of this crude
product in methanol gave 27.4 mg. of white needles (6.9 x
10‘5'm., 26.5% yield from the dlol; 18% yleld from 1nit1ai'
starting compound). A second crystallization gave needles
melting at 102-3°C. An analytical sample dried at 78°C and
1 mm. pressure for five hours gave the following analysis.
Analysis: Calculated for CpzHzoN: C = 69.32; H = 7.59;
N = 7.04. Found: C = 69.99; H = e.lé; N = 6.70.
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Hofmann Degradation of Yohimbane Ny-methohydroxide

Preparation of yohimbane Ny-methiodide

A dry benzene solution of 336 mg. (1.2 x 1072 m.) of
yohimbane was heated toc bolling with excess methyl lodide and
allowed to cool to room temperature-‘ The thick gelatinous
materlel which had begun to form shortly after the reagents
were mixed was then collected by suction filtration, washed
with dry benzene and dried by suction. The so0lid thus ob-
tained weighed 504 mg. (1.19 x 109 m., 99% yield) and wés
crystallized in absolute methanol to yleld the pure methi-

odide salt melting at £54-6°C. |

Preparation of yohimbane Ny-methohydroxide

A solution of 200 mg. (4.74 x 10~% m.) of yohimbane
Nyp-methiodide in hot water containing a little methanol was
treated with 120 mg. of moist silver oxide (prepared from
silver nitréte and 10% sodium hydroiide solutions). The mix-
ture was stirred vigorously with a magnetic stirrer for 5
minutes at 110° (bath temperature). The light brown precipi-
tate wasAremoved by suction filtration of the hot mixture
through a Celite mat. " The mat was washed with warm water, and
the combined aqueous filtrate was evaporated to dfyness by
means of a dry alr stream directed onto the surface of the

solution. Evaporation was facllitated by immersion in a warm
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water bath. Upon scratching, the viscous residusl oil
crystallized into & white solid. After finael drying in a
vacuum dessicator, this product weighed 124 mg. (3.97 x 1074

m., 845 yleld) end melted at 165-7°C.

Hofmann degradation of yohimbane Np-methohydroxide

The methohydroxlde prepared as described above was used
without further purification. A 103 mg. sample (3.3 x 10~%
m.) was pyrolyzed in a sublimation apparatus at 180-19500 and
0.25 mm. pressure. The sublimate, collected in two crops,
hed a total weight of 68 mg. and a melting point of 58-62°C.
Its crude ultraviolet spectrum in 95% ethanol showed maxima

at 227 ny, 263 mu and 282 my.

Catalytic hydrogenation of the Hofmann degradation product

A milcro-hydrogenation appératus was used for the cata-
lytic reduction of the Hofmann eliminétidn product.— In one
bulb of the hydrogehation flask were placed 106 mg. of the
elimination product, dissolved 1n ethyl acetate. Into the
other bulb were placed 25 mg. of 5% palladium-charcoal
catalyst suspended in ethyl acetete. The catalyst suspension
was pre-reduced before the solution of the organic sample was
added to it. Reduction was allowed to proceed at 20° under a
slight positlive pressure of hydrogen gas. When no further

uptake of hydrogen was observed, the reaction mixture was
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removed and filtered. The filtrate was evaporated 1ln vacuo.
yielding 101 mg. of a glass. Crystallization in methanol gave
a white solid for which a good melting point range was not
obtalned. The product showed absorption maxima in the ultra-.
violet region at 226 mu and 282 mu.

Further purification was attempted through chromatography
on alumlina. Upon elution with Skelly B, 26‘mg- of an oil were
"obtained. Successive elutions with 40, 50, 60 and 70% benzene
in Skelly B gave a second oil, total welght 22 mg. With 90%
.benzene_in Skelly B and with benzene 1tself, 18 mg. of a white
solid were obtained. A second white solid (9 mg.) was obtain-
ed upon elution with 20% ether in benzene. nystallization
in methanol of this latter solid gave white needles melting
at 198-200°C. Admixture with authentic yohimbane did not
dépress'the melting point. The remaining fractions were not

identified further.
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SUMMARY

It has been shown in a study of chemical correlations
with 18,19-dihydrocorynantheene (of known absolute configura-
tion) and 1ts'020 eplmer, corynanéheidane, that the C3, C1s
and Cog hydrogens in ajmaline possess an cA orientation.
Iscajmallne was shown to possess Cz- and Cys- of hydrogens,
but a.;?-oriented Coo hydrogen. On the basis of this deter-
mination, 1t was possible to assign an absolute configuration
also to three other centers in these two alkaloids, C3p, C17
and Coj.

Epimerization studies of the metho-p-toluenesulfonate
salts of yohimbine and pseudoyohimbine revealed that the Cgz
hydrogen in toth series wés un-epimerizable under the influ-
ence of acetlic acld or pyridine.

One reaction sequence attempted for the correlation of
the yohimbine and corynantheine series yielded-yohimbone
N-oxide as a product. It was characterized and its chemistry
investigated. A second scheme produced an intermediate,
trans-2,3-diacetoxyethyl-1,2,3, 4-tetrahydro-12H-1ndolo [2,3-a] -
quinolizine.

A Hofmann reaction on yohimbane methohydroxidg and
catalytic hydrogenation gave yohimbeane and avmlxture of

unidentified olils.
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