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g The mass spectrd of several quinolizidine ﬁlkaloids of known'

structure, isolated from 5peeles of Nuphar luteum, have been studied.

e
High resolutlon mass measurements have been used to characterlse

fragmentatlon patterns capable of dlfferentlatlng between substltuents

_ QQ\QQ rings A and B of the qu1n01121d1ne sysxem

.

The stereoisomeric relatlonshlp between thé thiospiran Nuphar

,
a1k3101ds thloblnuphar1d1ne and neothloblnupharldlne has been examlned

A three-dlmen51ona1 structure has been proposed for thloblnuphar1d1ne on .-

fall

the ba51s of its spectroscopic propertles An‘X—ray study has confirmdé

this structure and also established the absolute configuration of

-

téiobinupharidine.

t

The structure' of threc new alKaloids, nupharolutine, thionuphér—

and neothiobinupharidine sulphoxide, have been established on the .



’ ‘ o ;oo _ . :
Tid steric- course of sodium borodeuteride reduction of hemiamjin-
- & -
als of thiobinupharidine in absolute ethanol solution has been invest-
. - e

igated. Significant-differehces have been ‘observed for both the degree

L . .
of deuterium incorporation and for the stereoselectivity of deutérium

incorporation when eompared to those results reported for analogous

.-. . j .’ B - ” " * ) b -
reductions in methanol solution. The transient intcrmediacy of an

alkoxyborodeuteride ion hasnbeenTproposcd’to explain these results.
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GENERAL INTRODUCTION

L

The organic chemist has long found the study of alkaloids

challenging, partly because of the many structural and synthetic prob-

lems they present, and partly because many of .them have been 'used from
ancient' times as beneficial drugs or poisons. . Seldom has such a multi- ¢

tude df structural types of dive%&g bioiégica} orfigin beer classed under ‘

4

one name. ’ €;> A
The térm alkaloid or "alkali-like" 4as first proppéed by‘the g

pharmacist’ W. ‘Meissner in 1819. Alkaloids usually have a basic nitrogen

atom, as part of one or more heterocyelic ring systems. They often have
. . . , . ' ‘\ . N .
complex molecular structures’ and sometimes display significant pharmaco-

logical activity.- - A particular alkagoia is usually restricted to cer-
‘tain families and genera of the plant kingdom. ‘

Di:sagreement exist¥ regarding the classification of various

-

-

. X . Q .
compounds as alkaloids. Thus Swan has confined-his definition of alka-

+*loids to nitrogenous bases of plant origin which aré related .biosynthet-

" (1)

ically to amino acids He therefore excludes heterocyclic.nitro-

¥

genous compounds based on sesqui- and diterpenes and classes these-as

npseudo alkaloids". Other authorities have designated some widely,

distributed bases of plant origin, such as methyl, trimethyl and other

Open-chainlsimple alkyPamines, the cholines and betaines, as-"biéﬁogicah

-

amines" or proto alkaloids;‘the distinction between these .and alkaloids

(2]

is rather arbitrary 7.

'
' v

[ : . . -

‘ -



h; In this thesis thglnitrogenous bases isolated frbm Nuphar
speéigs will be termed alkaloids, even though they are ;ppprently terp-
enoid in origints).

Approximately two thousand alkaloids are now known. The nomen-

- ~.

. . . . X ) ‘__.J“
clature of alkaloids has not been systematized because of thelﬁ)qomﬁlex-
o bt

ity and for historical reasons. The two commonly used systems sub-
cléssifylalkaloids acqordiné to the plant genera in which the} ocdcur or
on the basis of simiiarity of molecular structure. ‘-z
Two highly toxic members of the alkaloid family illustrate the
variation in complexity typical of these compounds. Coniine, an alka-
loid isolated from the poison hemlock, is simply (+j-2—n-propy1piperidj§

ine. However strychrnine with a relatively simple molecular formula

"(C21H22N205]‘has'an intricate: system of seven fused rings.

. . ‘ 4 . - B
conijine , ‘ strychnine SR
. | _

n

'Although many alkaloids are toxic to the animal_organism, many

-

are useful and show a wide variety of physiological actions. [Illustra- = ?
o ‘

tive of this phénomenon ére the uses of. atropine in ophthalimology for .

dilating the pupil and baralysing the muscles of accommodatiop;~and of




L4 Y

bl
L4

Morphine ha?’found wide application as an analgesic, and the drug LSD,
~which is a_synthetic derivative of the natufall? occurring ergot
, § !
alkaloids, has been found to cause mental aberrations, similar to

schizophrenia, and has been uE?d to study that disease.

Ciﬁé——ﬁ

lysergic acid

.morphine ~ diethylamide o

v 6 R
General methods for isolation of alkaloids r .

Y

Alkaloids are found in various parts of plants, and often occur ’
[ ’ _ ' -
as salts of inorganic or organic acids. Generally they are separated
from the powdered plant material by aqueous‘or alcoholic extraction.

: i . ) ’ ‘

If they occur as the free bases dilute acid extracylon may be performed.

Alternatively the plant material may be subjected to alkaline treatment

-/



k‘followed by extraction of the free bases with organic solvents. A

crude mixture Qf'alkaloids an often be purified by fractional crystal- eﬁi
B - . o

“'lization. of Sparingly soluble salts such as hydrochloridés, percilorates,

~etc. Adsorption or partltlon chromatography may be used to separate

~

mixtures, as can counter current dlstrlbutlon between an aqueous acid

I

buffer and an organic phase. The alkaloids whose structurés were )
g : ' '
elucidated in this prestnt study were isolated from rhizomes of Nuphar

. luteum, and its subspecies variegatum, native to Poland. The isolations
were achiceved by the group of Professor J.T. Wrobel of the Univérsity
of Warsaw dnd were received from him as reasonably pure bases or salts

of inorganic acids.

Q.

‘ _ : ¢

’

' . i 7 : : _ N

General methods for elucidation of molecular structure

~ This thesis relies heavily on the use of spectroscopic methods,

» . . . .
mainly high resolution mass spectrometry (h.r.m.s.) and high resolution

proton magnetic ytsonance Spectrometry (p.m.r.). It is worthwhile-to

¥

make passing rcference to some of the older possibly more tedious, .but

.

not necessarlly outdated methods which have been used in the past. o

* .

Excellent reviews are available which summarize the chemical methods ' ;>

for determination of functionality of oxygen étoms, the Kuhn-Roth

_protedure for es;imation of C-Methyl groups, and methods available gpr'

ascertaining the environment about the nitrogen atom such as .the Hofmann,

: ‘ . 4
Emde and von Braun degradative procedures( }.
It is not ﬁppropriate‘that this thesis contain lengthy reviews
[
concerning - the theory of h.r.m.s. and p.m.r. or their application to

AN




High resolution proton magnétic resonance spectrometry (p.m.rT.)

interactions of the surrounding electrons with the magnetic field. The

"spectrum 1s the.ratio of the chemical shift differences between the . :

iy
- ' i

structural problems as both techniques are well known and widely
accepted. Their particular attributes are manifested in the wealth of

literature illustrating the use of these tcdchniques which has appeared

over the last decade. It is considered -appropriate however to consider -

the advantages of both techniques which became apparent as our particu-

s 4

~

lar studies developed.

> r

b

N . ~. . . L, . . .
This'technique has found wide applicability in th¢ elucidation
of molecular struétures; A short discussion will follow'cbncerning the

adVantaées of employing‘thg,zzo MHz p.m.r. spécxfdméter rather than the

more generally used 100 MHz spectrometer. 'Detailed information about
moleculadr structur& can be obtained from a high resolution p.m.r.
spectrdm, providing it can be aqsiiied in terms of ‘a set of chemical

shifts and spin-spin couplings. Th®se chemical shifts arise from

differences in the magnetic¢ ¥ield strength at different protons in the
™ ' ' - ‘

molecule. They result from variations in the shieiding produced by the

. ’ ' - ‘
effect is thexefore .dependent in magnitude on the applied magnetic field.

The spin-spin coupling'results from interaction of the magnetic moments

of tﬁbggxgpdﬁgd;ith one anothet through the intervening electrons and is

]

independont of the magnetic field strength.

The critical parameter determining the appearance of a p.m.r.

o, o

-

interacting nuclei to the coupling constants between them.. The chemical
: -

' . i



shift difference between any two nucléi‘say'A and B is usually (/f

expressed as‘AvAB, in fertz units, and the ratio referred to above as

Moyl Iage 1f Av/J is large (i,e. greater than 10), the resulting

spectra consist of well separated symmetrical multiplets (called firSt

y 3)

rder spectra which lend themselves to facile interpretation.
v/J is small however, as in-cases where rather subtle effects of

geometric struéture or conformation are operative,. shifts in the

levels belongking to chemically non-equivalent nuclei. dlearly if Av/ld
*  can be increaled, the analysis of the spectrum may be facilitated. By '

using a 220 MHz\ spectrometer, rather than a 100 MHz spectrometer, Av/J

may be increased -a factor of 2.2,

. -

Accidental near~gegeneracy is manifested in considerdble over-

lapging of lines or multipleéss, resulting in great difficulty in

interpretation. The severity o

into a small region of the spectrum\is diminished in proportion to the

the problem of crowding of many line?/L

field strength. High field strengths Are also advantageous in giving

rise to stronger absorption signals since\the overpopulation of the )
lower spin state, due to the Boltzmann distrNution, depeﬂﬂé upon Ho

The strength of the absorption signal relative the irreducible

backgréﬁh@ of radiofrequency noise (signal ‘to ndisX ratio) varies with

approiimately the one and onec half power of the field\strength. Excel-

' o . : 6,7
lent theoretical accounts of this.phenomenom have been ndered(” ).

. ———




4

Consequently an increase in field strength can mean a‘reduction in the

amount of sample required. This was a valuable criterion in these )
] ‘studies. The development of very stable high field strengths is

. o . s N NP .
b achigved using electromagnets consisting of super conducting solenoids
E. : ’ n . \ .
operating in liquid helium cryostats.

; The preaicted‘;pcreasd in'S/N ratio in going from 100 Milz to

220 MHz (a field strength of 23,487 gauss to 51,671 gauss) is approx-

L]

" 'imately 3.25; howéver as the radiofrequency is increased a correspond-’
\ .-‘ . . ' . . -
ing increase in the noise .produced in the first r.f. amplifier stage in

the.-detection circuitxy occurs. Thus experimentally the improvement in

S/N ratio is not as marked as predicted, but is hdwever quite significant.
) | 4

Mass spectrometry in natural products chemistry : '
In the field of natural products, mass spectrometry is generally

.employed for solving one or more of the following probiems; determina-
/

<i;J, tion of molecular weight and of molecular formula, déiqption of functional -
groups or substituents, and determination of gross skeletal structure.

Sometimes it is possible to elucidate a structure and to obtain stereo-
' -

chemical information,; For all these purposes, volatilisation of the
> .

substance (or the chemically modified substance) into the electroni beam

- .
. must be achieved. In -natural product chemistry the determination of the
“exact molecular weight is requisite and often difficult by\other methods.:

The deted¢tion of differences of *CH, in molecular composition of complex

molecules is often impossible by combustion analysis.

n
.




‘photoplate process, or recently developed electronic techniques, it is

The last decade has seen significant progress in the theory and

technology of mass spectrometry, and many books have appeared-on the

&

interpretatioﬁ of fhg mass Speetra of complex molecules(8). Excellent

discussions on instrumentation, on techniques of sample handling; and.
on data acquisition and processing by computer have appeared recentlytg).
* ! b1

Advantages of high resolution mass spectrometry (h.r;@.s.)';

~

H.r.m.s. received a great stimulus with the advent of double-

focussing spcctfometers,_which permitted the separation of ions differ-

(10)

ing in mass by only a few millimass units In low resolution mass

" spgctrometry only ions of nominal masses are separable; however in

h.r.m.s. species of different elemental compbsition can be resolved evén
thomgﬁ'they_have_the same nominal mass. Beynon was the first to recognise
the potential of accurate mass measurement to determine the molecular -
A
T

formulae of organic compouhdscll)
(12) * ’ o . ' y ’

and much of the early work is : LN

discussed in his book

A knowledge of the elemental cémposition of the molecular ion and . *-

of fragment ions unquestionably aids the interpretation of the.mass
spectrum. A combustion analysis foxr, C, H, N, and S may requ%ge up to .

20 mg of pure substance. A h.r.m.s. determination of the molecular

2 3 e
formula may be obtained on less than 1 mg o? substance, providing it 1is

" reasonably pure and exhibits a molecular ion; furthermore, using the

-

possible to determine the compositions of all fragment ions using the
same sample. Paucity of samples made it desirable to use h.r.m.s.

analyses rather than the destructive combustion analyses for many- of the .

- { i
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i
uEhar alk3101ds cxamined .in "this study.
. © It was not p0551b1e to 1ncohﬁﬁ¥ate stable isotopes as labels into
many of the compounds under 1nvest1gatlon in this thesis. In h.r.g,s.
howcver compounds which contain heteroatoms may be thought of as possess-
ing intcrnal labels which greatly aid the 1nterprctat10n of the spectra.
Obviously h.r.m.s. does not feprescﬁt the ultimaée technique,lbut when
used in conjunction with- other spectroscoplc methods, and when conven-
tional labelllng studies are performcd where posszble then it ﬁecomes
. s :
a‘powcrful and etonomlcal_tool for the organic chemist. Further details
of the high resolution method used in thc'%tudies pertaining to this

thesis may be found in the,ekperimental section.

, The symbols and’ abbreviations used in description and discussion

of the mass spectra.in this thesis conform to those recommended by -the
axn *

5

Format for structural diagrams

The arabic numerals assigned to the compounds in this thesis
conform to the following format. One number is reserved for each individ-

- >

ual named compound throughout. Where structural revisions have bden

;

made over the years, or where several possible structures have been

-

suggested for the same compound, that number is followed by a lower case
o v
letter, a, b, c, etc. ki
Where structures are represented in two dimensions the conventional

format is used, thus the plane of a carbocyclic or heterocyclic ring is-

depicted as the blane of the paper -and substituents above and below this

TTEY,



show the orientation in space of the substituents and possible inter-

‘actions between them in a ‘more satisfactory manner. Furthermore the

10

, - : -
planc arc portrayed by straight solid and straight dotted lines, respect-’

ively. '

Most of the structures are more conveniently represented in three-
dimensions. Here rings are drawn in the chair form with the solid '"wedged"

side. of the ring nearest to the reader indicating that the ring is in a

plane perpendicular to the paper. The relative orientation of substit-

uents is depicted by solid and dotted "wedges" indicating that a bond is

coming towards or'gding away from the reader, respectively. A straight

line represents a bond in the plane of the ﬁaper.

N o

It is felt that these three-dimensional representations serve to

Y

origins qf the various spin-spin.couplings observed in the p.m.r. spectra

become more obvious when the molecule is depicted in three-dimensions.

‘N




HISTORICAL INTRODUCTION

-
-

The family Nymphaeacae, which contains approximately onec hundred

species, encompasses the genq&:NuEhar.~ Two of the most common specics

‘of this genus are Nuphar japonicum. DC., and Nuphar luteum. Sibth et Sm.;
o " : )
which is the yellow water 1ily and has two subspecies, variegatum and ' -

macrophyﬁlum.

, i
Alkaloids containing 15 carbon atoms

Alkaloids were first detected in the rhizomes of these plants in
1879 by Dragendorff(l4).1n the light of present day knowledge however,
the key discoveries were undoubtedly those of (+}-nupharidiﬁc ia

(C,sHo30,N) by Arima and Takahashi!®)

and (-)—deoxynupharidine.gg
EC15H23ON) by Kotake(16). Bogh alkaloids were first isolated from Nuphar
iéEEﬂiEEﬂ’ but they have since been found to be ubiquitous in Nuphar
species. Reduction of nupharidine with sulpﬁur diéxidé or hydrogen

iodide gives' deoxynupharidine, which can be reconverted to the former

. alkaloid by oxidation with hydrogeniperOXide.- Hence nupﬁaridine was * .

(16,17) ‘

formulated as an N-oxide The gross skeletal structures of

(+)-deoxynupharidine and hence nupharidine were established, predomih-

(18)

~antly by Japanesc workers , using classical chemical methods.
A convincing'assdgnment of the relative configuration and theg

conformation of (-)-deoxynupharidine was made on the basis of synthesis

°11.



) la; - 2a,
\ u . J u _h ’ R e ’{ !
and of i.r. studies of model methyl quinolizidines- and 'deoxynuphariding- '
like" strucfures(lg’zoj.

In an ‘early p-m.T. study, Kotake et al.(?1)

had furnished evidence for an axial methyl group'at‘C—7 and an equatorial

-

methyl group at C-1. A stereospecific assignment of these methyl groups
was made possible latgr(zz) by the transformation of nupharamine to

deoxynupharidine and its 7-epimer. Since the p.m.r. spectrum of the

~

7-epimer showed it to have two equatoriai'methyl groups, then deoxy-

nupharidine must have its equatorial methyl group'at C-1 and its axial
(22) \ ¥

|

methyl group at C-7
Kotake et al.ﬁgh) first proposed the ébsoluté'configuration 2b

fof (-)-déoxynuphafidine on the basis that (-i-a—mcthyladipic acid having

tﬁe (S)-configur;tion (and not the (R)-configuration) was obtained upon .

degradation of deoxynupharidine according to Scheme 1. This configur-
ational assignment was made on the basis of the synthesis of (—)—a-methyi-

- adipic acid from|(—)—u—methyl—yﬁbutyrolactone, which in turn was correlated

(23) + (2

with (-}-(S)-methylsuccinic acid . Turner 4)-“questioned the assign-

ment of the (S)-configuration to (-)-a-methyladipic acid, sinée‘he had -
=

. !
This conclusion was uncertain, owing to the very small optical rotation
of a-methyladipic acid(23). . /

i
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~and_B; he therefore suggested that the aﬁSOque configufation of (-)-

13

obtained (-)-(R)-a-methylglutaric acid, (+)-(R)-8-methyladipic acid, and;

(-)~a-methyladipic acid on oxidative degradation of the cytochalasins A

-

deoxynupharidine be reversed. - -Kaneko et al.(zs) later isolated (R)-(+}-

methylsuccinic acid from ozonolysis of the aminodiene 3 (Scheme 1), fhus

confirming Turner's suggestion.” no ] I/

(25)

*» Lalonde and coworkers , however, thought it ambiguous to
assign an absolute configuration to (-)-deoxynupharidine on the basis of
cbrre;ation with optically active mefhyf%ucciqjc’acid., He argued that .

this optically active acid might arise by ozoﬁolysis of two &arbon-carbon

double bonds in 3 {(see Scheme 1}, thus originating from C—lo, c-1, C-2

. and C-3. Alternatively, its antipbde could arise from ozonclysis of a

double bond and a carbon-nitrogen Bgﬁh, i.e. the acid would have origin-

4

. )
ated from C-6, C-7, C-8 and C-9. ' [< !
. ) .
He further argued that the origin of (-)-a-methyladipic acid was
< :

unequivocal as it could only arise from C-10, C-1, C-2, C-3, C-4 and the A

g-carbon of the furan moiety. Accordingly he synthesized (-)-(R)}-o-

.
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Scheme 1.

(R)-a-méthy]adipic acid

- - ‘ - (23,25
Chemical degradation of (-)-deoxynupharidine (EE)( )
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' methyladipic'acid from (+)-(R)—3-methyléyclohexanone; and was able to?

make a’correlation w1th the (-}- a-methyladlplc ac1d isolated from
17 ’ L

degradatlon of (-) deoxynupharldlne, showlng that this had the (R)

conflguratlon and not the -(S) as previously reported. Thus’ the absolute

i

[ A . .

k IO ’ o - a . . . ",

{ - stereochemistry of (-)-deoxynipharidine is 'correctly depicted in 2¢.
r .

2¢. 1R, 4S,5R, 7/4,105!—(—) ~-deoxynupharidine.
An indépendent X-ray study of deoxynupharidine Hﬁﬂrobromide confirmed
this essignment(26). It was‘essential that the absolute configuration

A
H

of (-)- deoxynupharldlne be proven as it had been used to correlatt ‘the

absolute conflgurdtlons of sevcral other Nuphar alkaloids: of both the
L] )

qu1n01121d1ne and piperidine- types and in many cases the 1nuorrect

configuration had been assigned. For example, the plperldlne ‘alkaloid

nupharamine'was first isolated from Nuphar japohicom in 1957fqnd shown
(27,28) '

‘to have the gross skeletal structure 4a

It was. later demonstrated that nupharamine could be cySﬁlsed in

a-‘number of steps to glve a m;xture of (-)-deoxynupharidine and its

2 i .
. 7-ep1mer( 3)_ Consequently, at that time the absolute configuration was

¢




g —

incorrectly assigned to nupharamine. The correct absolute stereo-
u" ! - \‘

chemistry is that shown as 4b in Figure 1. The structures and absolute
configurations of a number of Cis NuEhar'alkaloids Are now known. '

These alkaloids can be subdivided into two structural types, namely the

quinolizidine and the piperidine types. Some representative compounds

" are shown in Figures 1 and 2. Examination of the structural features of

the C)5 alkaloids shows a number of similarities. Notably, all the quino-
lizidine types possess trans-fused rings of the chair form, with the
exception of nupharidine lb.. The latter has been re-examined very

‘ L
recently by an X-ray study of its hydfo/fomidg, which clearly shows a

cis-fused quinolizidine systéh with the oxygen of the N-oxide occupying
A(ZQl.

a "

In all quinolizidine

+ .
types the 3-furyl group is attached to carbon a to the nitrogen atom and

an equatorial position with r;sﬁéct to ring

-

is always cquatorial. .The methyl-substithents are confined to positions

()

C-1 and C-7 in accordance with their prbbable-biosynfhgtic origin

]

/
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b.

ref. (22,27,28) ref. (30)

nurharamine L 3-epinupharamine
¢

ref. (31,32) ref. (33)

nuphenine anhydronupharamine

“ref. (34) L s ref. (35)

' - -
nuphamine _ 3-epinuphamine

. - . ) ' ! ‘
¥igure 1. Representative Nuphar alkaloids: Pipgri&ine type _ -



;
!
\
rqf. (36,37) L ref. (19,22,38)
" castoramine * 7—epidéoxynupharidine
!
i
1
A
12. o . 1b.
ref. (39) : . ref. ' (29)
A3-dehydrodeoxynupharidine - , \\nupharidine

—

Figure 2. Repfésentative Nuphar alkaloids: Quinolizidine type

.
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- differ in configuration about C-3, it is evident that all of their

19

L
\

The relative configuratién at C-=1 1is always - (R) Bﬁt thF
configuration at C—?}Varies. Aa—dehydtodeoxynqphafidine fepresénts -
the only example of modjfication of ring A amoné the quinolizidine
alkaloids isolated from species of Nuphar. |

"The piperidine alkaloids péar close structural rclaffbnsbips to

the quinolizidine alkaloids. Although many of the‘pipefidine alkaloids

structures can be accounted for by modification of ring B of the
!

i

quinelizidine types, formally by fission of the N-C-6 bond.
[ . hY -
~

Alkaloids containing 30 carbon atoms and sulphur

Four sulphur-containing alkaloids of 30 carbon atoms each

were isolated by Achmatowicz and Bellen in 1962 from rhizomes of

(40)

Nuphar luteqﬁ/ﬁative to Poland The analysis of the major alkaloid

{m.p. 129-130°),;named thiobinupparidine 13, agreed with the molecular

formula CqgHy g, N0,5. It was recogﬁized that this alkaloid,.neglect;ng
sulphur, had-aimOSt exactly twice the molecular formula of deoxynuphar-
idine (CgH,3NO) . The g}oss.skeletal strPcture 13a was proposed on the
basis of chemical and spectroscqpic'propértiés. A . ‘ f

- Features apparent from thé p.m.r. spectrum were the equivalence

" of the two furan moieties and the presence of a singlet at 0.98, suggest-

ing that the methyl groups were attached to quaternary carbon atoms.
The remaining three alkaloids were isolated as their perchlorates.
Very little datawere repgrted, but they were named, and the melting

— &

) . .. N
points and analyses of their diperchlorates were given .as:-

Tl
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i

(i) Allo-thiobinupharidine diperchlorate (C3gHyzN202S.2HCLOY)

‘. -

m.p. 320-325°.

- o m-wnwmr‘-:"-‘-.-\-n‘fv e

(ii) Pseudothiobimipharidine diperchlorate (CadHyoNzozs.ZﬁCIOq.
2Hz0) m.p. 173-175°. » . .
(iii) Thiobidesoxypupharidine dipefchldﬁéte (C3qHygN,0S. 2HC1O, )

m.p. 225-226°.

Reference to these alkaloids has.not appeared again in the literature a

under these names, but on the basis of the reported melting points of
oo ‘ —_—

r

their dipcrdﬁloratqs, it is likely that they are identical with
s (1) Neothioﬁinupharidine diperchlorate(4l)_

(ii) .Dipe;Eblorate‘of 6—h}droxythiobinupha§idineﬁ(see page 154).

o (iii) Diperchlorate.of 6,6'—dihydroxythiobinupharidine (see pagks

v

24 and 157).
\

o, B




The isolation of the crystalline base neothiobinupharidine 14

m.p. 159-160° was réported in 1964(41). The compound was assigned the

‘ -
1

molecular formula Cj3gH,;N3055 (diperéhlorate m.p. 320° C3qHyzN;05S.
ZHC104,). It was suggested that nethiobinuéharidine, like tﬂiqbinuphar-
idine, was a 4'dimer" of deoxynupharidine into which a sulphur atom was v
-incorporated. NePthiobinupharidiﬁe, however, showed two different
p.m.rT. absorpfions for the B-furan hydropgens and it was suggested it
-must be a non-symmetrical "dimer'. On the other hand‘thiobinugii;idine
- showed equivalant B-furan hydrogens and it was postulated that the %
| "dimerization" was of-a symmetriéal natu;e. Ihe.appéarance of a broad §
: singlgf at Q.B?d was accepted as eviden;e for methyl groups attached
to.q;aternary carbons and the éuthoré cqnclsaed that secondary methyl
groups were absent. P.m.r. signals at 3.04, 2.94, 2.83 and 2.696 were
th&ug?%ﬁfo arise from six protons next to nitrogen. By anélogy ;o
Aeoxynupharidine, it was conceded fhat two more protons o to nitrogen

might give rise to absorption in the region 1-28. The strong signal at

2.698 was assigned to a méthylene'group next to a nitrbge; atom which
‘was-not contained in alquinolizidine syséem( A number of these conclu-
sions have since provéd to be incorrect.
Shortly afterwa;ds mass spectrometrié;evidence was reporicd
- confirming a felation;hip'bétween the two sulphur—contaiﬁing crystal*
line alkaloids and deoxynupharidine(42?. It was concluded that thio-
binupharidine and neothiobinu;harid;ne were stereoisomers as they gave

~ the same fragmentation pattern differing only in the relative intensit-

ies of the ions. Oxidation of neothiobinupharidine and thiobinuphar-
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EQipc by the Kuhn-Roth method, resulted in 2 moles of acetic acid per
mole of startihg material in each caéel Since this oxidation is
seldom quantitative, the authors interprefed this result as meaning-
that there were at least three and probébly:four'c-methyl géoups in
both compounds.. iheir proposal was that neothiobinupharidiﬁe an&
thiobinupharidine were therefore Sheredisomers of groés‘skeletal

structure l4a and-13b.

!
|

%ba & 13b .

\

Birnbauﬁ's X-ray study of néothiobinupharidine dihydrobromide tetra-
hydrate showed that this structure was incorrect, at least for neothio- 6
binupharidiné. The three dimensional assignment based on this study
" is shown as strucfure 152(43f44)-
Birnbgum'sstudy showed that two ”deoxynupharidine—likb”
moieties belonging to the same enantiomeric series wefc linked through
. 3 1
a tetrahydrothiophene ring, -however he did not define which epantiomeric

"series. Hislproposed structure was actually the mirror image of 14b.

The structure shown below is based on the assumption that the

R . -




14 b, NEOTHIOBINUPHARIDINE,

" "deoxynupharidine hoiéties” of the molecule belong to thc same enan-
' tiomeric”series as (—)—deoxynupharidine. It is important to note that
the thiomethylene group and the sulphur atom arc bonded axially to &
positions C-7' and C-7, respectively. There are elements‘of "'pscudo

symmetry" as reﬁlacement of the sulphur atom by methylene would allow

_for a Cy rotation. - e

a4

4
In 1967 a group of Russian workers isolated thiobinupharidine,

. neothiobinupharidine, and a new sulphur alkaloid named nuphlciné from

rhizomes of N. luteum of East Europcan origin(45;46).

NUph}eine was
isolated as a diperchlorate (m.p. 225-226°). An active Hyd;ogen
determination indieated the presence of two O groups; thus it was
Suggesteé that it was a dihydroxy derivative of 13b. The significant
discpvefy that nuphleiﬁe'was reduced by borohydridé in methanol to
thiobinupharidiné indicated the presence of hemiaminal functions;

However, the positions of the hydroxy groups were not specified.

[

~
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As part ol his systematic examination of the alkaleid content

of North ‘American Nuphar specics, LaLonde réportéd in late 1970 the

i

isolation of two isomeric bishemiaminal sulphur-containing alkaloids,

(47)

of molecular formula CsghyoN204S, from the subspecies macrophyllum

These were originally named 6,6‘—dihydroxythionuphluiiﬁc—A 16 and B 17.
- ‘ k _ _—
Their bishemiaminal character manifested itself in bisimmonium salt

formétion, and »in reduction by sodium borohydride of bofh into the

" .
bisamines, thionuphlutine-A 13 and -B 15, respectively. Lalonde

- 9

comparcd the mass spectrometric fragmentation patterns of the thionu-

K
(42} nd concluded L

phlutines with those reported by Achmatowicz et al.

that thesc’two bisamines were isomeric with each other and with neothio-
binupharidine. Significantly, it was reported at this time that 6,6'-

dihydroxythionuphlutine-A formed a diperchlorate, m.p. 226°-228° which
(45) .. :

was ekactly that reported for the diperchlorate of nuphleine and

o (40
thlobldeoxynupharldlne( )”
Spectroscopic‘data suggested that thionuphlutine-A was identical

. . _
with thiobipupharidine but’this was not confirmed until much later when

Lalonde investigated the alkaloid content of Nuphar luteum harvested in

(48)

Poland He isolated neothiobinupharidine and thionuphlutine-A,

<
neither of which were native to species of North American Nuphar.

Thionuphlutine-A was found to be identjcal with an ‘authentic 'sample of

-

thiobinupharidine (supplied by Professor J.T. Wrébel) after a comparison

of physical and spectroscopic properties. This finding led to the

" -
cventual elucidation of the structure of thiobinupharidine.

L3

The three-dimensional structurcs of these alkaloids have now been
determined and are shown in Figure 5.
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Pharmacological properties

Fvidence was furnishea in 1945(49) that ointments, extracts and

powder prepared from the roots of Nuphar luteum subspecles varlegatum

had- proved useful in the treatment of enter1tls‘ gingivitis, and various

(50)

skin diseases. ‘Jn time, groups of Russian workers isolated an
¥ -

flkaloid of unspecified structure or composition, termed 'nupharine',

. L

which showed very strong antibacterial activity. When tested against

forty-five strains of phytopathogenic bacteria it was found that

Conmynebacterium especially C. michiganense was sehsitingto-this alka-

P

loidal substance.

A British Patent(SI) was obtained in 1964 by Il'1nskaya and

| —
|

coworkers which alluded to the protistostatic and sperm1c1da1 properties
of an alkaloid (C3pHyyN205, perchlorate m.p. 226°) extracted from NuBhar

luteum. The dihydrochloride salt of this alkaloid was reported to arrest

the growth of Trichomonas !gginaiis in dilutions as low as 1 p.p.m., and
-killed protista in “dilutions of 1:2000 down to 1:5000. It was also

found to be active against fungi and gram-positive bacteria. In a later

(52)

U.S. Patent the indication was given that the molecular formula of

i

the active alkaloid had been incorrectly reported and that it should be
C30lly2N2045. This was substantiated by spectroscopic stu&ies which

however led to incorrect conclusions concerning the structure of the

compound (nuphleine: see page 23)(45’46).

(53)

" . . Very recently a preliminary report has appeared describing

the in vitro antifungal activity of the .alkaloid 6.6'-dihydroxy§hiobi-
. : . a
nupharidine: 16 (C3gHypN204S, diperchlorate m.p. 227°). 4ts structure

-
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and absolute configuration have recently been determined (see discussion)
and it is very likely identical with-nuphlcinc(48). In tests against’
eight'human path?gcnic fﬁngi this alkaloid was found to be of low toxicity

but of high activity as an inhibitor to the growth of 1. capsulatum,

i i

D A T T FT S T T e I (Y L 3 oS o T 0 T ST, T D AT e s o e
.

-
B. dermatitidis, and othgrs. This antibiotic activity has elicited

considerable interest in, these sulphur containing alkaloids as possible

1(54?‘ C. michiganense was found to be

agents in water pollution contro
. .

particularly sensitive to the sulphur bearing alkaloids of thirty carbon

atoms, whereas this particular bacteria was insensitive to the non-

sulphur cofntaininf alkaloids deoxynupharidine and nupharidine. ’

., - Of considerable interest is the recently -reported invéstigation(ss)
. \ ! : .-

of twenty-two aquatic plants native to Minnesota, in which only Nuphar

luteum, subspecies variegatum showed any anti-tumor activity in mice.

Objectives of this. research

—

In 1970 Wrébel first isolated two new S5ulphur containing alkaloids.

from species of Nuphar luteum. One was named thionupharoline EQFSG) {page

85) and the other was simply coded 27 (page 112). Combustion and h.r.m.s.

analyses showed that 26 and 27 were isomers of molecular formula

" C3pHy2N2035 and hence that they contained one oxygen function more than

thc‘bisamincs. It was anticipated that they were derivatives of 13, 14
or 15. The objectives of this research were firstly to undertaké a
detailed studylof the fragmentation upon electron impact of several
Nuphar alkaloids of_known structure using high resolution mass spectrom-
etry. [t.was anticipatedfthat development of fragmentation patterns

might aid the clucidation of the molecular structures of 26 and 27.

4
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Further objectives of this work were to examine the stereoisomeric

relationship between 13 and lﬂ_}%igure 5 ) and to determine the structure

of another recently isolated non-sulphur containing Nuphar alkaloid

named nupharolutine 18, first isolated in 1969 37)




-2

RESULTS AND DISCUSSION - o

- r

THE STRUCTURE OF NUPHAROLUTINE (18)

During the examination of the crude bases derived from the

rhizomes of Nuphar luteum a new base was'isola;ed to which the name

-

nupharolutine 18 was assigned. Its composition (C15H23N02) determined
by combustion analysis and h.r.m.s. is‘identical'with that of nuphamine

§,"3-cpiﬁuphamine 8, nupharidine 1, and castoramine-10. This latter

alkaloid was isolatéd not from the rhizomes of Nuphar, but from the

scent gland of the North A;erican Beaver. A very small quantity of the
alkgloid 18 Qas isplated; thus, ;he study of its structure relied
heavily on phjéical methods, ‘ ' : .
The infrared'spéétrum (i.r.) of 18 in carbon tetrachloride shows
the presence of bonded (3485 cm !} and éree (3615 cm 1) hyd?oxyl absorp-
tion. T#e former disappea;s on dilution indicating that the hydroge&
bonding is intermolecular. The i.r. gpéctrum also shows a slrong» «
symmetricalﬂabsorptioqzdouﬁlet-at 2760 cm ! and 2800 cm !. These so

(58)

called_Bohlmann bands ‘arise because of axial C-il bonds a to the

nitrogen atom and anticoplanar to its lone pair of clectrons. This
L

intensc doublet paftern is inditative of a trans fused quinolizidine

system, which contains three such axial C-l ponds(ig'bol.
Attempts to acetylate the compound with acetic anhydride/pyridine
at 20° for 24 hours or at 100° for 2 hours led only to the recovery of

starting material, indicating that the hydroxyl function is tertiary. y

28
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‘  Examination of the.100 MHz p.m.r. spcctruﬁ:of‘l§_in)CDC13 shows
several similarities to that reported for deoxynupharidihe ngs),-but '
with' one major difference. Deoxynupﬁaridine shows-two doublets centreé
at 0.92§ and 0.998 whlch can be aSSLgned to the. C 1 equatorlal,methyl o
and C-7 axial methyl groups, respectlvely, on the ba51s of chcmlcal

shift and coupl;ng constant(zz)..

The correlation of axial methyl grdups i
with lower fleld signals and larger coupllng constants and of equatorlal
methyl groups with higher field 51gnals and smaller goupling constants

\S.' +is a well-known. one in qu;nolléldlne chemlst;ytﬁlj. The new alk3101é

however shows a doublet (SH) at 0.888 (J = 5.6 Hz) and a singlet (SH)-V

at 1.226. The singlet nature of this peak and'its ehemical.§hift are.

eompatich,yith-the part structure;
CHay ' N
| | | :

| . | . . —t—c—cC—
h L

.OH | . .

—y

: this structure is also in agreement w1th the acetylatlon studies. " As
' elth dcoxynupharldlne the spectrum of 18 has 51gna15, attrlbuted to
the-three protons of a o-substltutedffuran_m01ety, at 7.256 plu§?7.346',
2y, a-ptotons).and 6.346 (1H, B—proten). A poorly resolved;qdegtet

of area one centred at 3.038 (J = 8.3 and 6.0 Hz) rescmbles a signal

at 2.886 {(J = 8.0 and 6 2 Hz) in’ the Spectrum of 2 3551gned to H-4a,
. s

the ‘methine proton, adjacent both to the nitrogen and the fqran ring.
7 . . .

A quartet (1H) centred at 2.668 (J = 11.5 and 2.0 Hz) is assignmed by
aﬁalogy with: the spectrum of dcdxyqupharidine'to'H-Ge. In the
‘. latter this signal’ appears as a quartet centred at 2.708 (J = 12.5

A
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T

. .
and 2.5 Hz)}. The remaining ¢hvelope of methylene and methine protons

: : §
is present between 1.0 and 2,06, TBhe 100 MHz spectrum of 18 is

shown
in Figure 3 and a comparison of the assignments with those of 2 is
given in Table 1.

The p.m.r. data, for 18 clearly indicate that the ring B opened
; .

31

piperidine structure of 8 and 9 may be dismissed because of the lack of

signals expected fQr the part structure,

r

S

HOCH, H - T
N
In 8 and g_tbe vinyl proton appears as a broad singlet at 5.41¢ and the
vinylic methyl at 1.658. )

The available data therefore suggest tha$ nupharolutine has one

of the following structures: .

R3 + RI‘.= CH3

fu—y

(23]

(=2

-~
-

+

=
[\
fl

Y

» High resolution mass spectrometry was used to resolve this problem.
ot R . . )

' . . . . ~—

™ .

18a Ry + Ry, = CH3 + OH.

_CH3+H
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Y

Development of fragmentation schemes using h.r.m.s.

The mass spectrum of 18 was recorded ané compared with those
gf degkynupﬁaridine 2, nupharidineIA) and castoramine 10. Plots of the !
. low rcsoluiion spectra are shown in Figure 4. The specfrum of 18
resémblcs those of g_and 10 but is.distinctly,differcnt frem that of 1.

An interpretati&n,of the Spectfa follows.
. The mass spectrum of 2 is identical with that reported carlier(dz),
showing intense -peaks at m/e 233 (MT) and at m/e 136, 98 and 94. High

resolution studies confirm the original compositions assigned to these

A

intense ions and also-pe}mit an ahalysis of the compositions of the
less intense ions. This results in‘a fuller understanding of the
fragmenta}ion process, thgreby enabling new substituents tg be assigned
to rings A or B.‘

There are four positions B to nitrogen in 2 that may undergo
fission to yield the molecular ions designated‘A, B, C, and D in Scheme
2. 0Of these, C and D should -be more stable than the dgthers, because
the radical centres are secondary rather tﬂgn primary. Structures C
and D are ;heregore used to explain the subsequent fragmentation of the
molccule. The homologous ions shown in Scheme 3 at m/e 204(a), 190(b)
and 176(c)'a;c depicted as bei;g formed from 2C by the loss of the

: 3
hydrocarbon fragmehté CoHg, C3H7, 'and CuHg, respectively, processes
adcompanied by hydrogen rearrangement, and the ions'm/e i62(d) and 148 (e)
through retro Diels-Alder loss of propylene from m/e 204 and 196,
re5peé$ive1y{ The ionlat m/e 178 (f or g} may arisé from 2D or 2C,

reSpectiveiy,‘by the processes shown in Scheme 3,. but the former is
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" 97(1}, 94(m), and 55{n) and a less intense but significant ion at m/e

‘;:i. 37

favoured (compa}e.with the spectrum of castoramine below). An ion at
m/e 166(h} has the composition Cj;HpoN and must result from expulsion
of the furan group as illustrated in Scheme 3.

The major ions in the spectrum of 2 appear at m/e 136(j), 98(k); .

107(0). In Scheme 4 a proposal for their derivation is outlined. Their
compositions have been established and all may be considered to arise from
the mﬁlecular ion 2C. In fragmentation by route 4a the charge is

retained on the furan-containing fragment to give the ion at m/e 136(j),

and in route 4b on the nitrogen containing fragment to geve m/e 97(1), e
which by a retro Diels-Alder process {(route 4¢) leads to m/e 55(n).
%fpn fragmentation proceeds with hydrogen transfer as in route 4d the
intense ion m/e 98(k) results. (Hydrogen transfer from C-2 is illustrated
but no cvidence c;istc that transfer occurs from fhis.spccific site.)
The further fragmentation of m/e 136 via progesses He'pnd 4f leads to
ioﬂs atjﬁ/c 107(0) and 94(m), rcspectively.

An analy51s of the spectrum of castoramine indicates that it

fragments in a mannecr analogous to deoxynuphar1d1ne Thus ions (a), (b),

El
1 -

~{¢), and (h} of Scheme'3 contain one oxygen more than thosc derived from
‘ o

2 bu? arc deemed to have the same framework. The ions (d)} and (e) are

the same in 10 as in 2 and the ion m/e i78 has the'compgsition CllhlgNO .
and can be reprcscnted as {f). Of the ions in Schemec 4, W(c 136(3), 94
(m), 55(n), and 107(0) are identical in composition in both 2 and 10, -but
(k} and (1) appearing at m/e 114 and 113, respectively, are shifted
upwards by 16 mass units ip 10 from their position in 2, reflecting the

v

presence of the OH group.

a
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The hydroxyl group present in 10 leads to ncw ions in 1ts

spectrum not present in that of 2. fhns an ion at m/e 96 can be -

3 ascribed to 10k - Hp0 and m/e 164 to 10h - 1120. The ions at m/e 218 ]
[ and 219 correspond to loss of CH0 and CH,0H from M> as shown in Scheme
5.
'
. \ .
~(gh5=0)
~(cr,01
H transfer
+ .
N . N
| +
O 0

Scheme 5

The spectruﬁlof nupharolutine 18 has many features in common
with that of 10 but is distinctly different from that of nupharidine 1.
it is concluded therefore that nupharolutine must have an Otl grbup in
ring B and is therefore represented as 18a. The structural differénces
between 18 and 10 are reflected in their mass spectra. Thus -loss of
Cjly and OH is predicted’ to be more favoured in 18 than in 10 as 1is the

formation of ion (f). The spectra bear this out. The loss of H-0O from
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m/e 114 to form m/c 96 is more pronounced in 18 the tertiary alcohol,
thaﬁ'it ig in 10, the primary alcohol, a&ueipected result.

' The sﬁeétrum of nupharidine 1 is discussed briefly helow. Like
other N-oxides it sﬁffers loss df oxygen and Ol with peaks at mie 232
and 231(62). The ion at m/e 220 results from loss of Cil0, a'fragmcnc—
ation characFCristieof furans(ﬁs), and not from loss of an ethyl
fragment. Scheme 6 illustrates the proposed derivation of the major
ion at m/e 114 and related fragments, based‘upon a determination of
their compositions by h.r.m.s. In thc.next)section it will be showﬂ
that the dimeric -sulphur oonﬁaining compounds have many ions in their

mass spectra whose formation may be interpreted through Schemes 3 and

4, a factor which lends credipility to them.

$pactroscoE}§_pr0perties of hydroxyquinolizidines

Interest in the hydroxy quinolizidines has been extensive

(60) (64)

Aaron has shown \

because of their potential biologicalnactivity

-

that in trans- fused hydfoxyqqinoliziﬁihes, an axial hydroxy group on

r SN
positions 1 or 3 T(see Table 2 for numbering' system]) will hydrogen bond
to the nitrogen lone pair, whereas an equatorial hydroxy group will not.
Other workers have observed the samé phenomenon with 1-methyl-1-hydroxy- -
. C (65)] e ‘ . o Table 2
quinolizidines .. These results are summarised in Table 2.
-Aaron has also studied the trans-fused » cis-fused isomeris-
. ) :
ation of the Bahydroxyquinolizidfhes which can occur by inversion at
. (64) | refor-
the nitrogen atom . His i.r. studies indicate a very strong prefer
ence for the trans-fused conformation even though a_relatively strong

intramolecular hydrogen bond can form: in the cis-fused #nformation.

lle estimated the free energy difference between the two fused ring

.




.
=3
_3 43
r_“
l “Compound ~ Bohlmann_ Free Ol ‘ lqgrnmolcuuiufly
region (cm 1y (om }) bonded "OH (cm 1)
-] g 10+ \\H -7 . i ' . .
) " 2800 ; - . 3526,
’ 2 :
1 7 6 (l\)! ’ OI 3 777
. TTHT
l—hydroxyquingliiidine . - u | _ '
S ﬁOP* 2795 . 3618 | -

2797 - 3527

2757
s
_ ) >\"H/O 3
3-hydroxyquinolizidine
2800 o 3609 -
H 2762 '
H ) v
S '\\\CH?: ’ - _ . B
]f” 1.hydroxy-l—methquulnolizidine_ . :: ‘
x5 | - \OH | .
o = . _ Sé, ‘ A v o
A A I . ‘ - . | 5
CH, _
TABLE 2
;‘ Infrared Characteristics of Hydroxyquindlizidines



cis-fused trags - fused
> 99%

Yoo

isomers to be 4 =5 kilocdlories per mole.:

The spectroscopic and chemical evidence points to structure

l§£(R1 + Ry =-Cily + H)for nupharolutine. The i.r. data is very -

similar to that reported fqr\the 1 or 3 equatorial hydroxyquinolizidines

@
3

! 1.0\R11°H

18¢c.

et et

0 S :

(Tablc 2). Thc'Bohlm;nn Bands indicate a trans-quinolizidine system

and since the tertiary hydroxyl is not internally hydrogen bonded, 1t

, mustfod%upy the equatorial position at c-7. P:m.r. studies of deuterio-

chloroform solutibns ;%‘l—hydroxyi1,7—dimcthy1quinolii}dincs possessing

' the trans-fused ring confdrmation have shown that an axial methyl group
at position 1 absorbs atq\.22 - 1.256 whereas an equatorial methyl

group at position 1 absorbs at 1.08 - 1.116[66); The signal obscrved

t P
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in the CDCly solution of nupharolutine is at 1.226 which is in excellent

ag}cemcnt with an axial methyl at C-7. The p.m.r. data discussed carlier
suggest cquatorial positions for both the methyl group at C-1 and the

3 Eﬁryl grouﬁ atiC—4. The coupling_of H-6e in 18 requires commént sin?e
it is almost identical witﬁ the corresponding proton in 2, where the
quartét pattern was explained by a large geminal coupFing [H-Gc'- H-6a)
and a smaller coupling (H-Gé - tl-7¢), see Tablz 1. The geminal cdﬁpling

»

also occurs in 18 but the smaller coupllng must be a "W" type coapling

(67,68) betwecen !i-6e and ll-8e, since C-7 is quaternary.

i

Conclusive prodf of the structure would be forthcoming if
nupharolutine was converted into deo;ynuphéridiné. Treatment of 18 with
POCL,-pyridine gave a chlorocdmpound 19, separated from the réaction
mixture by preparativg.layer chromatography. The mass spectrum of 19
determined at low resolu;ion is‘;or;hy of‘comment. 1t shows the inteﬁse
ions observed at m/e 136, 107 and 94 in 2, 18, and 10.  Ion (k), Scheme
4, appears as an Lsotoplc‘houblet at m/e 132 and 134, which, through
loss of HCI, leads to an ion at m/e 96 also obsér?ed in the spectra of
18 and 10. Lxccpt for the isotopic molecular.ions at mfe 267 and 269
the only intense ion in the high mass ruglon appears at m/e 2 (M'r - €C17).
Comédﬁgd 19 was reduced over platinum to a subbtanga<wh059 mass spectrum
is. identical with 2. -The Suhﬁsaggg,also-has the same retention tiies %
‘as an authentic sample of 2 on two thin layer chromatograms and on two
gas—liquidlchgbmatograms. A comparison_of the p.m.r. and optical rota-

-

tion was not possible owing to latk of material. It was concluded there-

fore that nupharolutine must be 18c, Ry = Cllz, Ry = H.

i




Shortly after completion of this work there appeared in the

\ litcrature mass spectrometric-data on (-)-deoxynupharidine-48-d; 20 (09)

and (-)~dcoxynupharidinc-65,7H-d3‘g£(791_ Compound 20 was prepared
from (+)—ngpharidine'by conversion into A3-dehydrodeoxynupharidine
E using the Meisenhcimer transformatiop(7l) followed by borodeuteride

Fe) -

reduction. Compound 21 was also prepared from (#)—nupharidiné by the

facile conversion 1nto the A®-dehydrodeoxynupharidine, using the eclegant

(72)

Polonovski transformation , followed by catalytic reduction with
\ .

deuterium over palladium.

D Chyd

N\ . = .
The results of these labelling studies is cntirely consistent

with the®fragmentation mechanisms proposed. from the h.r.m.s. data
(Scheme 4). Thus the base peak at m/e 98 of deoxynupharidine is shifted
to m/e 100 in 21 but retained in 20, whereas m/e 94, 107, and 136 are .

3

retained in gi ﬁut cach is shifted one mass unit h;ghcr in 20. The

probable duual nature of m/c 178 (Scheme 3) was also verified. _ .
later the isolation and elucidation of the s{ructufe of afdimeric

alkaloid of 6,78—Qxidodcoxynuph;ridine Q:}c.reported(73). This alkaloid

of comﬁosition ngquNZOH’has the structure 22 and is shown to be a

Q\\‘fﬁ‘;

L

bimolecular dehydration product of the diol 2
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Metal hydride reduction of either 22 or 23 glves deoxynuphari-
dinc-?—B«ol,identi;al with nupha?olutine 18c. Sugsuqucntly(73) bot®
deoxynupharidine-7-g-ol and 7—epidcoxynupharidine—7—u—ol 24 were 0
synthesized from A8 .dehydrodeoxysupharidine by the sequence shown in
Scheme 7. Significantly it #as discove:gﬁ that only deoxynupharidine-
64 78-01 dehydrated spontgneausly to the dim?r,ggf A‘comerison of thes

physical and'spectrometfic data of nupharolutine with that of Lalonde's
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Ab-dehydrodeoxynupharidine

’ % i ’ NaBHy (Dy) ‘ NaBHy, (Dy)

Scheme 7




"synthetic™ deoxynupharidine-75-01 confirmed £hcir identity and cstab-
lished that (-)-nupharolutine belongs to th¢ same cnantiomeric scrics as
(-)-dgoxynupﬁaridihe and therefore has the absolute configuration ns
shown in 18c.
A gratifying aspgctuof Lalonde's spectrometric cxamination was

that his conclusions regarding .

{ij thc origin Sffion m/e 114 (115 in the dcﬁ}crated specices),
(11) the structure of ion m/e 178 as ?f) Scheme 3 and
(iii) the "W" coupllng between H- éﬁﬂ—- ‘11-8e

were completely consistent with the proposals made above.
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THE STRUCTURE AND CONFIGURATION OF THIOBINUPHARIDINE (130

-———- -

»

The thrgé dimensional structure of neothiobinuﬁharidine 14 has
b?cn estublished(43) and ité gross skérétal structure may be represented
ﬁs 25 (Ry = Ry = H). Maés'spectromet;ic.evideﬁce(a2’47) strongly B
suggested that thiob;nuphafidine 13 and.thi;nuphlutine—B 15 are stere;-

isomers: of each other é;% of 14 (Figure S).:

_Thé spectra of the g:o crystalline bases 13 and 14 werc re-exam- )
iruvd in order éo investigate the nature of their stercoisomeric relation-
ship. The Bohlmann bands exhibited in'the i.r. spectra of traTs—quino—

" lizidines ;re ¢vident, as éxpected, i;_the spectrum of neothiobinupharidine.
When equimolgr solutions of 13 and 14 are exa&ined under the same con-
dirions,‘it 1s observed that the Bohlmann bands in each spectrum arc.of
nearly equal intensity, although differing slightly in complexity (Figure
6). Thus it seems that 13 like 14 contains two trang:éuinolizidine

moieties, in which there are six carbon-hydrogen bonds anticoplanar to

the non-bonding electron pairs on nit$pgen. This observation provides
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13¢ Ry = R = Ry = R, = |
16 Ry = Ry '=OU; R, = Ry = H

- . ' 7t
28 Ry = Ry = B} R, = Ry = H (as interpreted by LaLondv(’)})

© 26 Ry = OH; Ry =Ry =R, =1l

31 Ry + Ry =D +1l; Ry =R, =H

32 Ry + Ry =D +H Ry=H R, =D
33 Ry = OH; R, = D; R, = Ry = H
3 Ry =D; Ry =Ry 2Ry=H

.l4b [{1=R2=R3=I{q=|1

Figure 5. Three-dimensional structures of thiospiran Nuphar alkaloids

Ay

k o
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Ry = Ry = H; Ry, = Ry = OH-

'Rl = Ry = H; Ry = Ry =D (as interpreted by LuLondq

R1=R2=R3=Ru=ll

Figure 5 (continued)

{
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preliminary cvidence for the equatorial nature of both of the B-furyl

groups in 13. ‘

The mass spectra of 13 and 14 were reported some years ugo
and the similarity between fhe?r lqw resolutioﬁ spectra was observed at
that time. It was suggested that necothiobinupharidine might be distin-
gulshed from thiobinupharidine by the differences in the relative -

(74)

intensities of their fragment ions . The mass spectra recorded here

are hnwcfz? almost superimpésable when instrumental recording condifiuns
arc standardised. Accurate mass measurements were made to gain further
insight ijnto the fragmentation process, and showed that the compositions
of the wajor ions in the §pcctfa:wcre identical.(Table 3).

Fragmentations proposed for the bisamines 13.and 14

Many of the ions present in the.spectra of 13 and 14 are also

prominent in the spectrum of deoxynupharidine 2 shown in Figure 4. In

“the high mass region of the spectra of lé_aﬁd 14 there are peaks of low

intensity corresponding to the loss of Clly, Cplg, and CsHy from the
moleculdr ion, just as there are in the spectrum of 2. _These fragmoent -
ations are analogous to those shown in Scheme 5.

“lons at m/e 461 and 447 have no counterparts in the sbcctrum of
2 for they correspond to the 1os£ of SIl and CH,8H," respectively, fron
the molecular idn. The imporfant idﬁ at m/e 359, formed by loss of
cgﬁllo fFrom M may be représcnted as in Scheme 8, and is entirely
uhalogous to the formation of ion m/e 98 in th¢ fragment;tion of 2. It

hydrogen transfer does not occur and the charge remains with thé.furuh
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TABLE 3 ' .

. . .\“ . = * . . - ) . -
Characteristic ions in the m.s. of thiobinupharidine and ncothiobinupharidine

L Rclutivc Abundance (%) ———\

m/c Thiobinupharidine Ncothiobinupharidine Composition M*¥ minus Y.
94 30 28 MYCqqHyNp0,5 -

479 C' 0.3 0.35 . CogHyaNp0pS iy

465 0.75 0.9 Cogti3aN40,8 7 Callg

461 2.0 2.7 C3ptly 1N20; SH

451 (1.5 0.6 Ca7ll35N50,5 Cqlls

347 1.6 2.8 - CoqgllggN; 04 CHpstl 7
427 1.1 1.3 CgHagN,08 Cyli20

359 8.5 _10.5 CoyH31N208 Coli 10

316 0.9 1.2 1 gtip gNOS CpiHeNO
264 S 1.6  CrsHpaNOS .

247 1.3 1.2 M*/2 - .
231 10 12.5 CysHz NO -

230, 35 |4 C1 sthz gNO -

175 100. ) 100 € ki gNO -

136 S O A 9.5 Cotl20° . -

107 23 20 G0 -

9. 404 _ 38 Cellg® - - -
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v
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1
.. .'_' - N
moiety an ion m/e 136 Tesults of the same mass ¥nd composition as in the
- ' spectrum of (see Scheme 4) ;
© Other’ 1ntense ions pFOcht’ln the spectra.of 13 and hiﬁgy at

m/e 230, 178 107 and 94 Those a Ae 107 and 94 are. also- observed 1in

. 2 and the scheme given for their derivation may also be applred to the

-

bisaminos. The 1ons at m/o 230 and 178, howcver, deservc furthcr

. ' comment. The former, offcomposition CISHZONQ,fcan be;formuiated and

.
- '
e

derived. as shown.in Scheme 9. If hydrogen is transferred to the

sulphur containln% fragment and charge is retained by th1§ fragment z@

¢

« . then the appearance of the ion of low 1nten51ty at_ m/e 264 (C15H22NOS)

can be rationalised The base peak of the spectrum of 13 and 14 is

{

observed at m/e 178 (CIIHISNO) A proposal for its derivation is found

. . in Scheme 10. An ion of low 1nten51ty present at m/e 316 (ClgstNOS)

o 1nd1cates that charge is also carried by the resrdual fragment The ion

.m/e 178 is also observed 1n the spéctrum of 2 but .is relatively weak .
. -P

It seems probable that the quarternary centre present in both 13 and 14

is responsrble for promoting flSSlon of the C- 6-——C 7 bond glllngwﬁlse
ta facile formation of thlS ion.

The fragmentatlon mechanlsms proposed here on the basis of high
4.
resolution studies are in agreement with those proposed by LaLonde et al. {
) .
i ) based on deuterium labelled: compounds-obtained by redoctlon of the

_ 0,6"-dikydroxythionuphlutincs-A an@b-B withJNaBDq:‘T‘ o

It should be stressed that the mass spectrum of 13 indicated only

-that thls blsamlne had the same gross skcletal ‘structure as 14 and did-.

not provide cvidenoe for thcnrelative or absolute. configuration of 13
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The fragmentation mechanisms developed here were useful in the

clucidation of the molecular structures of the alkaloids 26 (Fignre

(Ligure to) as Will be shown in the following sections.

The 220 Miz.p.wr.r. spectra of 15 and 14 ’

The p.om.r. spectra of 13 and 14 unlike their I.r. and mass

showed distinet differences.  The anomalies of the carlier studiest

N - *
wipe clarified by recording these spectra in deuteriochloroform sol
, . .

st 020 MYz (Figures 7 and 8 ). The interpretatien of the spectra &

accomplished by referring to the studies on the spectrum of deoxy-
S ‘ -
s <) : . -
nnpharidine 2 and on the spectra of model sulphur containing yu

“r1

60.

57 and

\
Spectri

1

uton

a=

ino-

‘ ( s A '
ll;jdincs"JJ.' Although the spectra of 13 and 14 are complex, scveral

assipnments are possible.

N R

A doublet of area 6 centred at 0.928 (J = 5.6 Hz) is pbserved in

the spectrum of thiobinupharidine and is assigned to the two equiatorial

wethyl groups at C-1 and C-1'.  In feothiobinupharidine a similar doublet

(3~ 5.5 Hiz) 15 ubserved at 0.878. These resonances are very simil

i

ar to

that of the cquatorial methyl group at C-1 of deoxynupharidine, ‘obscrved -
. - 1

aU 0,836 {3 < 5.6 Hz) when recorded at 220 Milz in CDCL; solqtibql’,$@gh

AF thoewe sipnals eahibited a solvent-induced upficld shift when the

solvent was changed from CbCly to Cglg, 4 characteristic shift for the

L .

stunals of cquatorial methyl groups attached to quinolizidine
(15,69 .70)

S

CSYSsTtems . {ontrary to the carlier report  there are no signals

corresponding to methyl groups at quarternary carbon centres in either

{3 or 14, nor are there any other signals attributable to CHz groups in

] . -
‘

the' spectra.
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The signals corresponding to the furan protons appear for
¢, 398 assigned- to the. B-protons of the two furan ripgs and at 7,258 e

and 7,328 assigned to the four w-protons.  In the spectrum of 11 the
. . 4 A

foran signals arce more complcx'appcaring at 6.348 () and 6.526 (1)

attributed teo the B-protons and 7.236 11“) and. 7.328 (3H) uss{gncd to .
| ’ (aly

the u protons. These assignments .agreed with those made ecarlier . -
/ - .

when the incorrect conclusion was drawn that 713 wmust be a more symmetri-

cal molecule than 14. -
In the spcctrum_ﬁ? 13 there is a multiplet in the repton 2.77

-2.98% (complex vven at 226 Miz) assigned to the two axial protens a to

« furan. $-4a and H-4'a, and to the two equatorial protons H-te and [1-0'e,

a

These assignments arc.made by ahalogy to the chemical shifts of the

tcarresponding protons of 2 in CDCly solution (see experimental) which . |

25,69,70)

has been studied in detailL, Close *examination of this multi-

plet reveals that it encompassces twg quariers {both w;tn J o= 11.5 and .
2.0 Hz) at 2.815 and 2.946. On the basis of coupling constants and
chiemica) shifts these are assigned to the equatorial protens l-6e amd

b-o'c. Examination of -thue spectrum of neothi@binuﬁharidinp in these.

{

~ S

. - . . . . - .
rezions shows @ similar picture. ” Thus in the region 2.8 - 3.05 rthere

appeats @ complex multiplet, corresponding to three protons, contdining

»

" disicrniblc quartet J[.J = 11.5 and i.O-Hz) which .is assiened z}khur e

.
- .
'

0 6 or H-6'c¢. Jibe remainder ef this mulglplet is assigned to H-d4a and

-

’

il-4'a combined. The other eyuatorial proton i-be or i-G'e i§'ohscrvyd.

.

at 2,875 partly uvbscured. by a‘sharp singlet (2H) at 2.69¢. )

. ) '
( ' .
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. Apart from small chemical shift diffetences the major diffcrvnﬁu

1
" .berween the spectra of 13 and 14 is in the signal assigned to the

thiomethylene groups. In 13 this appears at 2.33¢ as a well-defined
. — »

AR quartet. In 14 however thé sharp singlet at 2.69¢ (previously

’

incorrectly assigned to a methylene adjacent to nitrogen, sec page 21)

R C 1w assigned to the methylene adjacent to sulphur. Its’singler nature
B * - . ! . . '

15 surprising inoview of the asymmetry of the molccule and must arvise
Fi®an accidental degencracy of “A and “B of the AB system. In their

stndies on model compounds lalonde et al.(75) found that axial thio-

“methylene groups on trans-quinolizidine systems absorb at 2.805 while CA
~quatorial thiomethylene groups absorb at 2.408. The thiomethylene of

(43,44) 4ng appears at 2.699. )

. 1 ﬂs kuown to-be.axial from the X-ray study

Fire mach higher ficld absofption of the thiomethylene group of 13 at
4,335 suggests by analogy that it is gquatorial with respect to the

quinolizidine ring B'. This accounts for one of the sfereochemicai

Jitferences between the two molecules. Assuang’fﬁat the steveochemical
differences between 13 and 14 reside in the tetrahydrothiophene “ring,

«nd that the configuration at all other centres -is the same (as the

-

pomor. data and i.r. data suggest) there appearéd to be two possiblg

Gractures for 13, one in which thc'sulphhr linkage to ring B is
qugLurlal 13¢, the other 1in which the sulphur linkage to ring B is
ax:&l [
It order to solve this problem thiobinupharidine was converted
oy LS grystalajnc dihvdrobromide dihydraﬁe (from which it <could bhe

recoveved intact by mild basic treatment) and an X-ray study was
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inttiated. . The results of this study proved that the relative and

ibsolute configuration of thiobinupharidine is as shown in 13c (Figure 53.
Pt was while the X-ray study was in progress that thionuphlutine-
e i . e o ... (48)
A was shown to he identical with qkyoblnuphar1d1nc . LaLonde had

suggested that thionuphlutine-A has the structure 13c based on his

study of the reduction products of the dihydroxythionubhlutines(47’54)_

in this study a stercosclective mode of deuterium incorporation was

shserved upon sod ¥im borodeuteride reduction of 6,6'-dihydroxythiobinu-
pharidine 16 an 6,6'—dihydroxfthionuphldtine—B 17. :The‘p.m.r, spectra
of the reduction pro@ucts‘recorded'at 60 MHz in CDCl3lshowed the incor-
poration of a deuterium into the equatorial position at C-6 of thiobinu—'

2

pharidine-6,6'-ds 28 but incorporation of a deuterium into the axial
e e} -

position at C-6 of thionuphlutine-B-6,6"'-d; 29. It was suggested that
th; sulphar atom<pgrticipated in the reduction by directing the.attack

of the reducing species on an intermediate immonium ion. The observed'
st§reosclc§tivity in the deuterium incorporation was accepted as

svidence For an equatorial sulphur at C-7 of l3c and for an axial sulphur
nroC-T oot 15, Further comment oﬁ the mechanism and utility of this

stereoseloctive reduttion is found im later sections of this thesis.

Very pecently LalLonde ct al. have provided further evidence for

(76)

[

77 . . - . ‘
the relatrive nnd,ahso!utc( ) configurations of 13 and 15. Circular

Gtearoiew studies were performed on e-thibimmonium tons derived from

4, .t 17 by treatment with perchloric acid. Similar studies were carried

out oh s-thioimmonium ions generatéed from 7-methylthiodeoxynupharidin-

" .
g

b-ols. The results demoqstrated that strictures 13c_and 15
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c )
represent the absolute configurations of thiobinupharidine and
' f
thionmiphlutine:B, respectively (Figure 5).

[t 15 now apparent that structures 13¢ and 15 are the result of
vombination of two "deoxynupharidine-like" yuinolizidine moicties,
belonying to the same cnantiomeric serics as either (-)-deoxynupharidinae

or (-)-7-cpldeonynupharidine, through a central tetrahydrothiophene ring

Lo wive a glwsslﬁkulgtop as in 25 (R} = Ry = H). Moreover 13¢ and 15

represent two o of only Four unique diastereomers which can be constructod

in this manner. Strﬁctn;e 14b and structure 30 represent the two

remaining possible combinations. . ' '
It oseems very iikc]y that thc,hiogynthctic system wonstruct iny

these diﬁc;ia alkualeids uses the same precursors and it s for this

reason that the absolute coufigura;ion lih_ruther.thun its antipode is
e

preferred fur nuothiobinupharidineﬂs The compound of structure 30 has

nat yet been isolated. )
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COMPREHENSTVE ASSLGNMENTS [N THE P.M.R. SPECTRA OF THIOBINUPHARIDINE (13¢)

AND NLOTHIOBINUPHARLDINE  (14D)

N :
Preldiminary studies in this laboratory have indicated that the

alhalotds 20 and 27 are oxidised derivatives of L3¢ and b, respectively;
furthermore it scemed probable that conversion to the parent bisamines

by metal.deuteride reduction might. be accomplished witﬁ convontitant
mntreductron of deuterium lah?lsa Clearly any assessment of sterco.

colectivity in dguternmn incorporation is facilitated by a full a.sign-

aent of the protons in the pomor. spectrum of the reduction product.

“op o the studies of the reduction nf the hemiaminals of thiobinupharidine

P v

11w partictlarly important to assign chemical shifts to the protons o
the carbons adjacent ¥ the nitrogen atoms of 13c in order to Jeterinine
shich of these arve rghlaced in the deuterated products.

As the striacture of thlobLnuphi§§djnc is now firely establishod

s

s more Jdetarled analysis of its p.m.r. spectrumwas possible. Avcordingly
L s SPGFtrum of 13¢ was recorded in Cghy selutton, in
. . (76) . O hen compiared 1
Wik the stanals are well resolved (Figure ) when compared to
Sheir complearty in CDCLy (Figure 7). The assignments made for 1o ac
beovcl e malogy with those of the correspending protans ot deoaynaphar-
pdne 2oand 7 oepideoxynupharidine 1. ¢
. . N LSS I A

Thne pom.r. specteam of 2 has been studied in detail
a1 b by bat L wi th respect to the sipnals assigned to the

vquatortal methyl at C-1, the axial methyl at -7 and the protons i-4u,

e i,

Ho6e and 1o e, As the majority of these ussignments were wude In

demtertochlapotorm solution, the spectrum of Z.was recorded in deutey
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honrene solution at 220 Miz and the proton hssignmcnts were made using

svin decoupling techniques.  These assignments .are shown in Table 4.

»

The structore and stereochemistry of 11 follow from the fact

that it is formed along with 2 when A8-dehydrodeoxynupharidine is treated

with hvdrogen over a Pd catulyst(70).

Its p.m.r. spectrum in CDCl5 and

*
. s ST CEan Ty - < (22.38)
by has been studied but very féw resonances were assigned .

The spectrum of 11 was recorded at 220 Mz in CgDg solution and the

.

ansivnments shown in Table 5 were made through-extensive spin-deconpling.

viprriment s,
The chemical shifts and coupling constants of the Tow field

. g
srpaads b the 2200 Mz spectrum of thiobinupharidine in Cglhg solution .
.

s Pinted oin Table 4 Inspection of Tables 4 and 5 shows that theve

ey similacvitiesy  Thus the quartet at 2.8048 (2i1) ih the spectrum

of 3¢ can be ussigégd Lo li-4a togéther with H-4'a by analogy tu the

conpling corstants and chemical shift; of ll-4a 1n both 2 and 1l. - By

Srmn o analoyy the gquartets nt-S.Jlﬁ nn& 3.174 of 13c must be due to

. o ‘

S o and den'e. Spin-decoupling L:'xpcri:nunls show that the quartets at .
Sl mnd i.if§ are coupled 1o douhlufﬁ at 1.926 and 1.408, respectively,
T anrerring Lhn? the latter two siynals are those of H-0a and -0t

P11 msns only o bdentity specifically. cach ot these four prorons?

dirss has heen achieved, as shown in the next section, through an assesx-

mea toof The effectthat T cquatorial alkyl substitucnt at U2 has on
T e Ty - B s : I
. - . - Pt

the protons at C-o.
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ALatoms,and quatorlal substztuents

Exam;ﬂatlon of the chemmcal shlfts of the protons of the methylm.'e
i "J’"#' . -

Q;*,ene group adgaant to hxtrqgen, 1n both’z and 11, shows that there is ah

s _‘.,,,_ l

R abnormally large chem1ca1 sh1ft dlfference between the ax1a1 and

o'

-;equator1a1 proténs (A6 6H 6e-— 6H—6;§ The magnltude of As 1s lnrge

o --for g_(O 98 P. p M. ) but sign1f1cag¢1y larger fpr 11 (1 74 p p m. } There

' ‘-_1 77 p\p m. from spln-decouplmg stud1es. _‘ e

uarbon atem

are tw0rA6 values for thloblnupharldlne,,establxshed as 1 19 p p m. and

The d1fference in ‘A8 values for 2 and 11 1S at f1rst 51ght surfi

fo . » _4' T

-pxlslng as the only structural dlffenence in the moleculeh aSbumlnb free o '
'1otat10n of the furyl group, 1s the relat:ve conflguratzon about C 7.,

-;Hewever there is precedence both for the magnltude of a8 in 51mtlar'-

be

_hete1ocyc11c systems and ﬁgx the effect of an adJacent methyl group on

I3

" the magnztude ot the observed value of AS.

] - . '

R : The abnormally 1arge chem1cal shlft AG 0.93 p.p.m; between

[

the protons H- 4a and H-de 1n the. p. m r. spectrum of trans- qu1nnl121dune

-

‘(78 !9) (equlvalent to H ba and [-6e of 2 nnd 11) has been attrlbuted Ho

[

: Shleldlng of . the axial’ proton bccause of paqglal part1e1pat10n of the

Jone-palr of electrons of nltrogen in a a G- Ha orbital of .the adjntent

(79, Ve




o ThlS leadb to! ‘an 1nerehse 1n eleg}ro‘;density at the ax1a1 proton " The .
1\|‘- R RS

value of A&ushould therefore be greatest when the nltrogen lone-palr ”L:'.; o

AL ]

and the adjacent C H bondlhave a trans dlaxlal relationshlp The
A proposal 1nvoly1ng the 1one-palr of nxtrOgen 1s supported by the decreased
f' Ishleldlng observed in- protonated-salts of qu1n01121d1ne,> whose AG values
:are about 0. 5 P P m ; comparable to that observed for the ax1al ‘and

?
equatorlal protons 1n cyclohexane It has been suggested( 9)

that the

. decrease 1n bond energy‘of the C- H bond o to nltrogen is’ re5p0n51ble ) :_7.

d ' for the appearance of the Bohlmann bands 1n the i.r. spectra of tranSJ

-~

qulnollzadlnes An explanatlon of the antl axlal shleldlng effect of

a proton by a lone—pa1r in terms of a. dlpole effect has also been

lrofiered(ao) . - ""Tﬂ o ‘-h. .f.- - [j"ﬂ._‘

[ P

ST ¥

RecentlycSI) an' alternatlve explanataon has been g1vcn for the

| large A8 value for the methylene protons adjacent to nltrogen in the
qu;n011z1d1ne system Lambert(sz) 1n hlS studtes on the "51ze of the e
o ._n1trogen lone—palr" 1n p1per1d1ne and N- alkyl p1per1d&nes has stated

that Ma Small lsotxoplc substltuent, e g. methyl at the equatorlal

5ite of an adJacent atom w111 have little effect on Aé since it is almost’
equlvalently pos1t10ned w1th réspect to both the equatorlal and axial d
hydrogenb of the methylene group Rob1neon(81) has strongly. dzsputcd |

;ths statcment on: the grounds that it is not 5uppo;tcd by all the avatl-

\..

Able ev1dence He further states that ”1t is apparently general tﬁat an
. ‘h"
equatorlal methyl group shlelds the protons of an adjacent methylene

Igmoup dlfferently, and in all the unamblguous examples, which cover.a

wlde range oE env1ronments for methylene groups “the axlal hydrogen is




: ..:-_: J

‘-to the nltrOgen atom in trans-qulnollzldlne 1tse1f may be explalned 1n

-attached equatorlalry to the nltrogen, rather than shleldlng caused by

"the lone palr.‘

' *‘51gn1f1cant amount of the shleldlng but that equatorlal substrtucntb on’
- atdms adjacent to. the methylene group must also cause 51gn1f1tant

‘ shleldlng of the axaal proton. ', ' | _.1 : "efﬂ”'-f,}

-

as haVe others

more‘Shielded“ Some examples are shown 1n Table 6,., Eonsequently the

large chem1ca1 Shlft d1f£erence between'the methylene protons 3d]8cent j i

k-

terms of shleldmg of the ax:.al proton by' the other methylene ‘gpup ‘
i

-
- . L
.
-

: The relat1ve 1mportance of the two shlelding mechanasms‘gﬂ‘_ S _
(33) who Has. reached the conc1u51on, f'f'_'ﬁf

recently been dlscussed by Lambert
(8 )

that the lone-palr of nltrogen glves rzse to a

B

-

- : . [P .
» e

.~ L

A study of the 3- azablcyclo{3 3.1. }nonane'system; in wh1ch the
-.( < .

'"n1trogen lone- pa1r occuples the endo p051tlon( 285 ), ehowed that A

(C-2), is less. than 0.1 p.p. m.( ) A ,;'f' o

Thi’s suggebts that an axial methyl or methylene group on C 3 of sSik-

-'mombered nxtrogen contaln1ng heterocycles W111 reduce the value of s

for thL methylene protons adjacent to n1trogen. ThlS phenomenon hae .

also, been observed w1th substltuted p1per1d1nes haV1ng ax1a1 metnyl . N \

(86) R

substituents . . o . .



TABLE 6

‘ "';"Different:.al _sh1e1d1nJg effects of equatonal r}xethyl ngs on the AS 3
values of v1c1na1 methylene pratons in: 51x meinbered rJ.nJg systems
1:. ‘57 _‘ . ' ‘u\ . ) B . ot ., ! " N R ‘l - . b' =
e e e Compound g --:_-:~A(§_=._; Solvem: Ref. T
: e -.P{'lcu# S,
4 R Py R=H - 0.48 "ol
- o P CCly - (87) |
! = Cis 1 17 0.1 ppm ‘ ‘\ |
8 L T
J “0~48 ppm -
; L5 ppm (Cpy- | Gl (873

0.51 ppm (€y). .

.1 0.42 -.0.48 ppm .various =
- (Cpand Cgf R
;0 0.78 (Cp) qand
0.48 (Cg)

-6.90 (cz and ca)

0.42 - 0.48 ppm

(C2 and CGJ
0.91 - 1.1 - - e ,
.-(C2 and C5) N Do
. 0.29. (cq) | ;f ‘
0.6 (C) T (81)
J i Y .
5 ‘R-f.H o (Cg) D0 .. (85)
‘R'= CHy  0.38 (C2) S

! th.re numbers .are placed next to. protons th:.s mdlcates the chemual
"shifts. (6) of these. 'in those molecules where. R ="CH3 -

rotons onl:




-;velues of thelx methylene protons at C 6 . Both molecules exrst 1n a

'H Ga w111 ef abnormally shlelded i bbth molecules The furan tarbon

ﬂbonded tio C 4 and H 6e haVe a near-1: 3Jﬂlequatorlﬂl 1elat10nsh1p and -

&8 Lb 98 p. p m. ) observed in.2 where the methyl group. 15 nx141 at C- ?

' It is nugyappropriate t° attempt an’ a55essmeut of the manner i 17}'"7"
o

ﬂ.whlch varlous subst1tuents presept in. molecules 2 and 11 affect the Aﬁ

B (PP

v

trans fused qu1n01121d1ne conformat1on, and H-6a therefore bears a’ ‘trans "

d1ax1a1.re1at10nsh1p to. the nltrogen 1one-pa1r. -C-~ 4 of each molecule '

1epre>ents an equatorlalesubstltuent on the nltrogen atom Thns both-

'-these effects may be expected to lead to a large value of AG becauﬁe

I' W i

desh1eld1ng of thlS latter proten is expected by-the van der‘Wael?,f

(89 90) A \'"' 2 - . ;1 .; . 4":-.."‘7‘%'— e

_1nteract10n R thus 1ncreas1ng the value of A8

fhe equatorlal methyi on C- 7 of 11 should'shleld }hba resultrng
. J \ . -
in a further lncremént in AS for that cnﬁbound whereas the axlal methyl “

on C-7 of 2. is expected-to deshleld H- 6a, leadlng probably to a small

decrease in the-magnltude of AG. There may be an anlsotroplc effect
. H '.

from the’Squryi.group on C-4, however g‘;s|1s Small at least to the
' (75) . .

. extent - that xt affects groups at C 7 o fUrthermore assumlnb f1ee,‘

rotatlon ‘of the . 3- furyl group about its bond to c-4, any anlsotroplc

tffect may be expetted to be the same" for both 2 and . . .
P N

lhus 1t secms that thc cquatorlal methyl Lroup on' C-7 of 1! is
respon51hlc tbr the larger'chbmlcal shift difference (A6 1:74 p.p.m/ )

observed between Lhe protons l-te and H 6a when Lompared to thc vaJue of .
-
An ex1m1nat1on uf the structure of th10b1nuphar1d1ne, ]3L (Figure 5)

. - ' )
1rcvea15 Lhat the A'B' qulnollzldlne system bears A equdtor1nl mcthylene .
.o "= "‘ : .- -I '. . ' . . lg .

-~



1=

RS .and an ax1a1 methylene at C 7' whereas the AB qulnollzldlne bears an ‘

equatorlal sulphur and an ax1a1 methylene at C=7., A bpace f1111ng i
molecular model shows that the lone-palr electron den51ty of sulphur ~
" lies close to H—Ga and s . expected tp,desh1e1d thls proton relatlve 1o “d P_f;_'

yali-6la: Slmllar effects are. observed whenever heteroatoms w1th unshared

.‘,\.‘ [ 4 . L . e
electron pairs are close to hydrogen atoms(81)*, . ;_ c

-

For the red;bdf stated above the asszgnments for the protons of

- L .
thlob%nupharlq;ne in C505 solutlon are made as* shown 1n Flgure 9.

“fo 1hus H 6‘e and H- ﬁ'n are assigned to 3. 176 and ‘1,406 respettxvely

'(aﬁ = 1 77 p P- m.) and the proxbns H~6e and H 6a are 3551gned to the

51gnals at 3. 116 and 1 926 respectlvely (Ad = 1 19 p.p.m. ) rhese

a:s:gnments are in agreement w1th those made recently on the bab1s of

v

u. v and sodlum borodeuterlde reductlon stud1es of hemlamlnals of

(76} o

thloblnupharldlne and p m.T. studles of model B- th10hem1am1nal~‘ SR

e Hav;ng flrmly establlshed the ass1gnments for the protons at

-

-C-6 and C 6! of thlobtnupharldlne in CBDG solutlon, the Spectrum of Ehlb

compound’ 1n.LDC13 was rerexamlned. Us1nb sp1n decoupllng teLhniQULS

and the results of sodiun borodeuteride reduction of hem1am1nal~ of

fthloblnupharldxne (see ldter sectlons), it was p0551b1e to thdbllsh

syeclflcallr the ChemlLal Shlftb of the protonb"H 6a, H-6e,’ H—ﬁ'a; and

Lo

- H-0'e in th1s solvent (Flgure 7). T ' - ' ' 'l."
.-I! . . . . . . . ,I.. . . . ‘?

N - . .

This same‘effect expla1ns the low f1e1d appearance of jthe s1gnal (2 184
in Cghg) due to the methylene group C- 7' - CHy - C-T° 1n{th10b1nuphar1d1nﬁ
A space f1111ng molecular model shows that these pratons are ''sandwiched!

. between thelone palrsof electrons on the nltrogen atoms. ' - .

P

v
r e
-
E. . s C e T »
- r . . - . - : S . o
! . . . B " ' ' -
. ) ~ . R . . : . ' . ‘ : : T 3
. ' . . . . - B L . . ! c '
- N - . . c . . . i i - R .
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‘similar, 1. 33 and- 1.50 p p m. respectxvely,

‘4 Re

! ey

1i of neothxoblnuph r1d1ne 14b was, recorded
¢

The p m r..spectr

' & U
in EGDG solut1on at 220‘ The equator1a1 and axial protons at C -6

Tloapd C 6‘ were 1dentlf1ed by thelr spzn—spln sp11tt1ng patterns, their

N chem1ca1 shlfts and by spxn decoupllng technlques.. Slmllarly the _

| -
51gnals arlslng from the axlal protons at c- 4 and C 4' and the th:o— N

methylene protons were 1dent1f1ed (Figure 10 and experlmental bELthH)
.-'-5 .

In contrast to thzoblnuphar1d1ne (Flgure 9) it was obselved

that the protons H 6a and H- 6‘a of neothloblnupharldlne have 51m11ar

.

'them1Cd1 ShlftS. This is- not unexpected since an exam1nat1on of the

>

'atructure of l4b shows that both the AB and A'B' qu1nolhz1d1ne moletxes

.

bea1 an equatorlal methylene group, c0mmon to both C- 7 and c-7', wh1ch

iand H- G'a to apploxlmatelx
) - .
-6a_and;u; ¢~ l-6'a) are.’

15 expected to shleld the axxal protons H Ga

tne bame extent The values of A§ (H-6e +

hereas. they 'were quite

different for thiobinupharidlne.::The similakity and magnitude,of these

© 64 values is agaln an expected result

would be similar in both 13¢ and 14b as thc conflhuratlon nbout C 7' is -

L]
{ ' '
The protons H- 6'e and H- 6e of ntoth1ob1nuphar1d1ne have qurte.

different chem1ca1 shlfts (3.21 and 2. 88 reSpedtlvely in CgDg), whereas -

the1r chem1ca1 shifts were simllar in- 13c. It was antlcipated that the i

,thcmltdl sh1[ts of H- 6'e and H 6'a, and hence the As value thWLC“ them

.vcry s1m11ar'¢n both molcculee The chemlcal Shlft of H-6'e of 13L is

thabllshtd-%scﬁ\}76 in CgDg and 2,948 1n CDC13, furthermore H 6'c of

- 13¢ appears downfleld from ‘H-6e . in both solvents (Flgures 7 hnd 9 I

- rhus in the p.-m.r. spectra of neoth10b1nuphar1d1ne (Flgures 8 aud 10)

]
v
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_the 51gnals at 3 218 (CGDG) and 2 946 (CDCla) are a551gned to H-6'e

_TTHe chemlcal shlfts of H-6e ﬁ 6'a ahd H—6a foIlow from the appeardnce

) of thelr characterlst1c sp1n §p1n spllttlng patterns and from 5p1n~
'decoupllng experlments. These assxgqmcnts are shown 1n Fzsureq S_and 10
__and‘ére further ampllfled in the exper:mentdL sectlon The'AG value

H- 6'e - H 6'a for neothlobxnupharldlne in CBDS 1s therefore establlshed

.
°

2s 1 50 p. p,m “and the magn1tude of thlS value is con51stent with the

' correspond1ng value observed for these protons. in thlob1nuphar1d1ne

‘.{l - p p.a. ) -,o - { .: g oo o . ¥.
Further Lv1dence that the protons of neoth1ob1nuphar1d1ne have‘
‘been.3551gned correctly may be found in Table 7 whach shows a compar1-
sun of the: bolvent sh;fts (os '5.) observed for the protonb H-~ 6a and
-f ti-6¢" of 13L, 14b and model compounds( 6) upon .changing thC.SbeLHt flom
CQL13 to LBDG. The compounds 7-u-methy1th10 -7- epldeoxynupharldlne 1nd
'7 B«methylthlodeoxynuphar1d1ne shown in. rable 7, are suitable modelb s
for the AB qu1nol1z:d1Ye moieties of neoth10b1nuphar1d1nc and th10b1~ﬁ
hdphﬂlldlﬁL rcspectlve Y. Clcarly the solvent shifts observed are

ronalstent with the ass1gnments prop?sed above It is not posalhle

cor1e1at10n bctwoen the ohem1c41

‘however,. to make aistralghtforw
sRifts observed for H-6 and Hi6e of 14b and those ebscrved for the

LOFIUSPOHdlnb protons of 'its'm dcl compound

J
!
{ '

An cxamlnatlon of the dss1gnmentq proposed above for 14b shows

i
o FA
F
;

that li- 6L is 5h1e1ded relative to H-6' An attempt was mddc to’ UbL;

7
rhe sh1eld1ng cones . a1151ng from the d1amagnct1c dﬂlbOthp) of the oxyson

/
"atom of ethers(gl} as a model for pred:cﬁxng the effeot of the sufphul

L - {

;‘ .

-

" S T P S K St . IR
E K o N -_. o ) cel R . N SRR
I SR R ©T 80
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SP

= 3- Euryl group

. .’,- °
. v .
' ' 81
TABLE 7 ' o
Solvent ShlftS (A s 6CDC13 C Dg ) ‘observed for the protons at C- 6
of thlosplran alkalolds and model sulphur conta1n1ng qp1n01121d1nes
Compoungd 4 Hebe Cle6aT
e I
. CDCly  2.79§ 1.706
CeDg 3.118 - 1,926
. T Cp .-2 .
As.s. 0.32 ppm | U.2Z ppm
©cpely  2.756 1,785
. CgDg 3.046 1.938
'Aé.s.' ‘-0f29 Ppm . -0, 15 ppm
' 7-;‘!-methy1t‘hio‘dc.oxynupharic;liné(/b) - N
atill el | 2.678 1,008
Cglg 2.886 1.5855
A ~0.21ubpm +0.05 ppm
5.5. TR , ‘
o
! o
_ | : ’
CHC14 2:896 1.626
“ CgDe 3.058 1.576
-“:t”,__mmu : ;- R
As -0.16 ppm ™ +0.05 ppn o,
i'\ P. N '
/ ~y- methy]rthro 7~ Epldeoxvnuphaudlne(%_) - d’




z

atom-in close proximity toIH—Ge. The moleeule is confermationhliy

lablle, to a certaln extent through puckerlng of the central f1ve—

Bl

' membered thlophane rlng, consequently it is not clear exactly to whdt

. extent H-6e mlght 11e wlthln a sh1eld1ng cone of the sulphur atom.. The'e

'dqqngnments made for H 6e and H 6'e of neothloblnupharldune should

hoteﬁﬁr" be regarded -as tentatlve at this time.. . "

' -

0
e
Attcmpted observatlon of Nuclear Overhauser Lffects (n 0.e.'s)

e

Exten51ve measurements of the lnternuclear dlstanceb between the

3 protons of both neothloblnupharldlne and thlobrnupharldlne were mide. " .

-

dlrectly from Dreldlng models and are recorded in. Table 8. Examlnatlon

..
.

" of thl::. tdblé shows that in many cases=the protons H-6e and H- 6 e are in .

' /,
.‘rlose proxlmlty to certain nelghbourlng protons It was ant1c1pated that

1}
far these lnteractlonb (checked in Table .8) an 1nternal nuclear Overhauner

-

effect[92 93 94? might be observed whlch would consequently dlfferentlate

o
'R

between H 6L and H- 6'e. "8
,- 4
Bell and Saunders( 4] have defined some. CrltLrla for the obbelv—-
. -, .
‘ution or an, 1nterna1 n.0.e., namely, Ihdt the 1nternueleal d1stﬂnge

butween thc protons under conblderatxon ‘'say A und B lshOuld normall» ‘not

-bo more than 3.0 R that the -compounds under lnvcbtlgatlon should be in’

*

4 state ot strict analytlcal purity, that the solutions should be Jllute

in order to m1n1mtse molecular ussqulatlon ahd‘that the SDlutlUﬂS should,

be free of pdramdgnetlc oxygcn whlch is capablc of pdrtlglpdtlﬂu in‘a

rclaxatﬁon nechanism. Accord;ngly 2- 3% M/ SOllIlOHS were prepared in

il) Lene and suhjcetcd to six freeze-thaw cycles {llquld Np) while - que1

- high vacuum beforc sealing the p-m.T. tubes The solute bdeIE: were

v Ce

—

.

)

-
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- N TABLES ", o TN
Internucleaf distances between ﬁrotons_of‘ﬁmpofiﬁnce in:j
- . " . J 5 - .il.w.‘ o . N T K

neoth;oblnupharldlhe 14b,gnd.th;obinupharidine-ISE* . :
T IR . !. ~i’ : ..; .'

nterdeeion  atermuclear distance ) R 1L

" between protoms yeopnighinupharidine 14b - Thiobigupharidiie 13¢

Heble S HA1T -_ , ".2.?45 227V L2454 2.7
Heie =N, -17 V3.6 » 3.85 3.6 -+ 3:85
u:ne'cf-z—lg-;w 2.35 2.8 7 1 ,2.35 2.8';/ ‘C
He6le — Hy-17 3.3 + 3.8 - 3,35 + 3.8 '
H-6'a — Hy-17 2.45.+ 2,75/ 7 . 245~ z:_a J_‘
H-6'a ~ Hy-17. 2.8 > 3.65% “2.8 @5y

-\_‘_l\jwée — Hy-17" 4.45 > 5.0 ' 3.9 +'4;0v1 ;

" fi-ge — H-17! . .3.65 % 4.1 - . 485 4.9
t-be — Hy-17 , 3.4 ~3.8 " _ 2.5 »2.97-
H-ge — Hy-17 2,35 » 2.7/ 3.8 73005

U H-6a - H,-17 2:35.> 2.8/ " 4.0+ 4.5
H-ba — H-17 - . 2,75 + 3.55'% A 370 3.75

.

* ) . . . ‘
The three-dimensional structures are depicted in P}gurc 5.
Measurements of internuclear distances were made directly from
Dreiding models (average of three readings on two different models).
Values of R were reproducible tor #0.1A. . . 7 -

’
R

The-two vialues of internuclear distaice in eagh column‘rgprCScnts”

tie shortest and longest distance betwecn the twufprotonslunder -
consideration. upoh changing the conformation of the centidl tetra-
hydrothiophen¢ ring. ) - -

The valuesjchccked (/) are for those interactions where an internal
n.0.e. should be observed. o '

The valtues (%) are those interactions where an internal n.0.e.
wight be ebserved. R - ‘ B
. ) - T .

[ . S ) !



Wighly crystailiné-and sharp melting and were -further purified by vacuum
suhllmatlon. cheftheleSSV all attempfs in this‘laborhtory to nhsufve

an cnhancument 1n sxgnal 1nten51ty in the spetha of the thlosplran
- o . K

alkaloads have pr0ved fru1t1ess.‘ . N ' - . o
It has been shiown that enhancement of the signal 1nth51ty of

proton A occurs, on 1rrad1at10n “of proton B prov1ded that thc maiyn relax-
. I , ]
“ation *mechanisin for A Lbflﬁalrcct dlpole d:pole interaction with, B(

L 5 this is thu only mechan1sm a 50% cnhancempnn‘(n 0.e. g w:ll occir. !
N /

'tﬂmpetlng mechanlsms for relaxatlon of A (other nelghbouxsns protons, -

solvent protons, oxygen, etc.) d%crease thlb n. D e. Unfortunatelv dll

v

the protons which would glve useful 1ntormat10n in the th1oap1ran glkdlnld

gystema are attauhed to carbons curry:ng other hydrogens Ldpdble of 1leX~
1ng any n. Q c. whlch mlght otherw15e bc obbe;*giy [urthermnre the
e prutuns atta£ﬁud to C- 6 and C-6! are ad;acent to a nltrﬂgcn atom. The
'pu=51n111ty of a tunther relaxatlon mechanlsm is the -efore opun to these

. Lo , (95)
protoens, namely thatuof quadrupole relaxation™ " .

N A ) . ) o v . : . . . .- ,'
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I'1iE STRUGTURE . OF THIONUPIHAROLINE (26)) ' : : R Co
[ -~ . ! J] N ' ] - ‘ . .
. *Thionupharoline was first isolated in 1970 from rhizomés df

- , - . N - v .o J,‘\'/[
Nuphar luteum harvestéd in Poland(SG}-. Purifieatioh by mdl cular

~

dlStlll&thﬂ under vacuun rcsu%ted in - glass -like LOlOUflCSb_GOlld of - )

molecular weight 510. The molecular formula_C30Hu2N203S; establs

. ' b, R ’ .

from h.r.m.s. and.-combustion analyses, suggested that 2o might be a
: ‘ - .

.. dc}ivutiye of one of the bisamines 13, 14 or.15. Clearly three
v . 7 ] ' x . .
N questions required ,answers in order to clucidate completely the

+ «Structure of 26. -These wer% (d] What is the natuxe\of thc eatra
OK}gen functlon? (b) Whlch 1f any bisamine skelcton has becn modlfzed

10 glvc 207 and (c) Where s the site of the oxygen function? = T ¢ -

bﬁha> of the - structure of 26 began wzth an examlnatlon of 1t> spect1o-_' :
. \ . . . = . ' Y
_ scopic propqatle:, ' ‘_' -0 .: = .‘ e
ff ’
.

v[_) The nature of the oﬁygen functlon

-

l
The 1 T. spectrum of 26 dlsplays a weak absorptlon at 80u

3551gned to a hydroxy group A d1perchlorate was prep11ed by . th; ' .

-

: proccdure of Wrobel (see exporipental) and the -i. r. spcctrum (kBr disc)
o

“\\; of thls salt does ﬁ?t\cxhlblt absorpt1on due to a hydroxy group but *

-

~— .
' dlsplays 1nstead a-moderately 1nﬂense absorptlon at 6. 02u, characturlst1LA -

. »

.
~

of " >C= N\‘, thus 1nd1cat1ng that the OH ‘group of 26- muat be attached
to carbon o to n1trogen. ' . . . ' oot

- ~
L]

The p.m.r. spectra of 26 at 220 MHz were recorded in LﬂCl3 and CGDG

solut1on. The spectrum in benzene (Flgurell) is. better resolved and will be
L] .

. dlSCUSSEd here A 51gna1 observed at 2. 426 wh1ch dlsappears on addxtlon '

- of DZO 15 aSSlgned to. ‘the proton of an OH group Furthermore, a 51nglet
L s ‘ '

[
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Figage 11.
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-

obse1ved at 4. 756 (l“} is assigned toa méthlne }&eton & to both ox)gcn‘iijtsf'

[} -

™.

5\

1nd nltrUgen atoms con51stent w1th the prepence of a hcmramrﬂﬁl n;uup v
OH .

. C” s \}mllar low field 51ng1ets have been observed -in the p.m.T.
-fi ) ' .
. sptctra ef the blshemlamxnals 16 and 17(47) { ) o ot ’
hat) ‘ e ‘ ) ‘G' - .c .
v . . . ' . s
" (b)) The three dlmen31ona1 skeleton a oy : '

b ] . +

Hemlamlnals but not 51mp1e alcohols mqy be reduced Wlth sodlum[-
i ),

“borv VdI‘ldL in alcohplic golutlon{ 7). . Reduct“lon of 26 w:l.th ‘NaBl, in

L

absoluje ethanol gavc th10b1ﬂuphar1d1ne 13c 1dent1tled by a comparlson”-
of it.-optlcal rotat1on and 1ts i. r\, p.m. r and maSb,Schtra.
y X ’

A mxed m. p d—etcrmlnatlon wlth an authem:u: sample &; 13¢ showed no )

-\ - .
depression in melting poxnt, thua estgbllshlng thgt 26 i5 a monohemiam- -

b “ : S

- inal of thiobfinuphariding. S & .

“an

(c) The site of the hydroxy group

: . E T .. ! . .' // .
rhe 51nglet observed’at 4 255 din the P. m.T. wpectrum ot Qb recodr-

ded in C505 at 220 MH; (Flgurell) rules out the p0551b11ity that tﬁe hydrox»

group is lbcated. at C 4, G- 4' . C 10 or C !‘0' of the thlobmupharldme -

‘«

. skeleton ~and therefore conf1nes 1ts 10cat1on to e1ther C 6 pr c-6'.
A quartct (1H) at_3.186 (J 12. 0 and 2 5 Hz) may be 3551gned by
" analogy to 13c, to. “the - equat;;£;& proton at. the fully reduccd €-6 or -

C-6" poSition' Simllarly the two axaal protons at’ C- -4 and C 4',-a to .. -ly

both nltrogen aud the fpran r1ng, appear as well-rcsolved quartets at - E

'2 790 (3 =-3.0 and 11.0 Hz) and 3 908 (J <4, 0o and 10.0 Hz) ' The forner -_'
has a chem1ca1 shift elmllar to l-4a and H—4‘a in 13c ‘but the lntte:m\\\\'
appears mJEh turther.downfleld then 1n‘the b15am1nes and_mustﬂbel_
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) ! cT i ~ ) !

¢ K . ™ '
. . , X
w ‘. . N -.. " -.' . . _ . . . . - . .
_ Jeshiclded by, and therefore be in close proximity to, thé hemiaminal - =
. -, . S - s .oa . W

{ ' tunctlon - o ’ t . ) N : T '

An attcnmt Nas madc to locate the hemldmlnal function by h TS,

o

- -

and by masb spcctromctlc studles of borodcuterldc reduction produuts

v
- +

rhu mass 5pectrum of 26 dlsplayi a modcratoly 1ntcnsc molccular ion—at

/¢ 510 ((30Hh2N203S) ‘and an, fntohsc ion at m/e 492 due to 10ss of ”ﬁﬂ
~

“ from M7. ‘The blqhemldmlndls 16 and 17 show' only very woak’ molesular ions
- huL sRow ]nthSL ions ‘due to'the loss of one and two moleCulos of wate
. “ s
' It was anL1c1patcd that the pTEbane of thc o1l g1oup in 26 might be ’__ .

;Qtlcctcd in the appearance of” fra5ment 1ons at m/e 280 (C15H22N0253

- -

Ry = 0H) b» analogy to Scheme 9 -at m/e 332 (ClgﬂzsNozs Ln = OH) by - o

analoby to Sgheme 10 or at m/e 1)4 (C11H15N02, ) Oi)’ also by ana10g>

to buhcmclO _ None o£ thesc ionsg 1s observed however, plobably bCLdUSL

.

fV, ' of. fac11c loss of water elther thermally or through electron 1mp¢¢t
. -

A wLak ion is ObSLTVQd at m/e 246 (C 5“20“02) whlch 15 analogous to - ©

’

an prCSumably arise from- Clthc
. . . o e
specxf1cally 10oatc the h)droxv g1oup.-

m/c 230 (Schemc 9), but as m/e 230

-half of the mochulc thlb does no

> .

S1mllar1y a wcak ion at m/e 34&*\i?alogous to ion m/e 359 of the .' -
DlsdmlHCS (Schcmc 83 docs not d15t;ngu1sh between C-6 and C- 6' as thL- co N

-

thO p0351b1L locations: for thc oH group o

_:_ﬂ The mass’ spectrum of thloblnupharldlne dy 31 obtained by NaBDy
. . R ) . . .
_xedugtlon of 26 conflrms that thL hydroxy group of 26 occupies one of-

~

the €-6 pos1tlons The ien m/e 359 (Scheme 8) of 13c 15 noved almost

'ed?luslucly to m/e 360 thealon m/e 178 almoat complctely to m/e 170.

'(Schémc}U),-and‘the 1on-m1e 230 cxtcn51vcly to m/e 231 (Scheme 9}, - .
’ : e . . . .o o



wherews the ions M/c'isﬁ 407 and 094 . of 13¢ ﬂr also present iﬁ 31

indiLﬂtlﬂL th1t the- deu{erlum atom ha% entpred 01thcr ranb B or ring.B'--

.

'and 1horcto1c must be bonded to elthur C~ 6 or L 6'.

It seemed that the: only way to: dlffcrcntxate between C-6 and
! -
C-0! aé'thc site of:the hvdroxy group was V1a a determination of the

. site or deuterium lncorporatlon as a- rcsult of boroduuturldu 1cductlon

o .7 ~
L]

- pé 26, It was whlle thc reductlon"studles were 1n pTOgILSb that it

L

was learncd; throubh a pLE‘onal communlcatlon that Lalonde and his

Lneorkers‘hdd elucidated ghe structure of 8- hydroxvthloblnupharldlnc
-+ = ‘
isolated from rhlvomeb of thhar luteum harvested in Poland A

el

comparison df thc u.v., i.r..and p.m.r. spectra reported for 6- hydroxy-
. . S i - : . ] . . A . L
f,xhiobinupharidine(?6) with thosec obtained for 26 confiymcd their - .,

identity. ' ‘ I : .

One apparent anomaly d1d exist, however, which requircd

Kl

(ldrlflLdtlon . rhe melting points of the dlperchloraté and monopa;—'

-

chiorate of 6- hydroxythlohlnuphqudlne arc reportcd as 258 705 and

) rcspectxvelnyGJ ; whereds the:dlperchlo1ate of 2o ‘was

o (56)

. 233“-742-" i

’

1eportcd to melt at 172°- 174 Thc prcparatlon of a d1pc:chlordte

and morfoperchlorate of 7b was repeated uSlnb LaLondc s progedUrL and

products were obtained who}c mcltlng p01nt5 were consistent with his
'3 . M | -
results . (see cxpcrimcnﬁar)- 'Moreover, a letUrL meltlnb pnlnn dutcrm:n—
- Al

etlun of thc dlpcrchlorate of . 20, prepared by the LaLondc procedure,
dnd an authentic sample (k1ndly provmdcd b} P;ofessor LJLondc)‘gonfirmed

'that'thibnuphﬁrollne 15 identical with 6- hyd10xyth10b1nuphar1d1no It
. .

was not pObblblc to 1nvest1gate ‘fully the nnomalous melting behaV1ou1 S
' @ .

of thL dlperchlorates because of thé pauclty of material, but,it is.

an
-
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suspected*that preparation by the method of Wrobel may Jlead to a
R N T, , . ; A
‘ . \\n ) ‘ ‘ ] . ) ’ - . " '. 0
product uontain‘vil;g 1 mole of water. of crystallization. A.ltCI*ltl\fCl)’, )
GO - ‘ . L
the diperchlorate may be dimorphic. .
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THE STERIC COURSE oF BORODEUTERIDE . REDUGTION OF NEMIAMINALS

1v1dencc for sutphur part1c1pat10n - . g

’ /
While she studies on the sodium borodeuterlde reductlon of 10

~and 26 ”6 were in progress in thlS laboratory, it was reported(54 76) that

the;rtductlon of"6, 6'- dlhydroxythloblnupharldlne 16 and 6 6'- dlhydroxy-

thionuphlutlne—B 17 leads to 1ncorporatlon of deuterium into the axlal

position at C-6' with complete stereoselect1v1ty Sodlum borodeuterlde

‘reduction at C-6+of . 17 was reported to occur so as to 1ncorporate
" ’

‘ '
deuterium exc1u51ve1y into an axial p051t10n Thls was in contrast to

reductlon at C-6 of 16 ‘where the deutertum was 1ncorporated exc1u31ve}y
1nto the equatorlal pos1t10n Slmllarly, it was reported at the same '

time that reductlon of 6- hydroxythloblnupharldlne 26 (thlonupharollne)

led to 1ncorporatlaﬁ of déuterium into the equatorlal posxtlon at C 6
- u

w;th complete stereoselect1v1ty. Indeed thlS result together W1th u.v.

EVldenCCngaS the b351s for aSSlgnlng the hydroxy group to the C—6

p051t10n rather than the C-6" p051t10n, It was also stated that these

-

reduct1ons, performed in methanolic solutlon, proceeded w1th about 0%

[ -~ i

1ncorporat10n of deuterlum and 30% 1ncorporatlon of hydrogen a result

that was surprlslng The study of-the borodeuterlde reductlon of 26

-and 16'1n thls 1aboratory wagétherefore cont1nued as the results -
(76)- . B

dlffered 51gn1f1cantly from those reported

‘:r

(5 76) that-thengﬁyphu\ atom 1nteracts w1th

It was proposed
., - ¥

.an immonium ion lntermedlate in the reaetlon probably 1n the form of

-

*
n cpisulphonlum ion.  This reSuIts ‘in a charge dlstrlbutlon between
. )

It has been suggested that eplsulphonlum jens may play a rale in the
addition bf. electrophlllc sulphur reagents to enamlnes
\\ o R . N




-~ yquinelizidine systcm‘AB.-

.. _ | | N 927

.

-
.

th“;ulphur utom,und'fhu imﬁohium;iqn derived f£om N-5 ﬁnd'Cfbl- It was
suggested thaF when -the sulh?ur.ytom occupies an equatérial pnéition wi#h
respect td_ring p;“as.in 19-%nd 39{ thut this{ihtcrﬁétion directs ghcﬁ

incoming deutcrium ihto a;'cqﬁatoriai.position at €-6. | -j l X -

i N " .

L ' .
- ‘. -

¢, -
equatorial sulphur

equatorial denterium

! . W : axtacKk on e-face,
. : opposite sulphur, less
. _ : R . hindered . :
. ) ) i , , ‘
' - . ] [
. i . :

; in this case the attack by deuteride ion is on thela face of the

"

In this discussion the gquinolizidine moleties
AB and A'B will be considered separately. The B face of each

: : - ,
‘ N | .
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!A y N " + 'y
quinolizidine is defined as. the side wopposite to the nitrogen lonc-pair’
and the 3—fur?1'group.' Thd « face is the same side as the 3-furyl group. + '
. . Co f . ' . ‘
-+ -Lonverscly when the sulphur atom is axial with respéct to ring
B 'O . ~ - X - . Pl
Woas in 17 it was suggested that the incoming deuterium is directed - " o
. exclusivély into.an axial“poSition ar C-6. .
‘ 7 ) . o
’. / - 7y ’
‘anial hur .
axia su}pl ' a-face I
S g
- /" \ . //\\ AL .
L R \
g ;,L\ . N . T v e
- :/ -3[: ot -4
av , H
f-Fface ” ; ’

7t . axial deuterium - - e attack On'ﬂ*faCE. opposite C?
' o ’ . . sulphur, less hindered

] ~

‘ . Inlthis case .it should be recognised that attagk by dcuper}dc
: l ’ o : :
ion is on the g face of the,quinolizidine system AB, i.e. on the side
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luqxrntu to the 3- furyl group. ,,-“.f' . .
] ot . ot
In Lhc reduction of ;hc hLmldmlnEl funLtlon it N 5' - L ﬁ. of
Poth ;b‘und 17, whd?olgulphur 15“1955 likely to bartlcxpate be;auac"of
steric Lonstra1nts it was'SUggéétéd that attack by £h; f&ducing speclés.

. . ’

,occurs on the less hindered convex' R facc of the qu1n01121d1nc %ystcm,
. l

\'B' resulting in incorporation-of deuterium into an-ax1a1 p051t10n at

(—b‘ of cach molccule EV1dcncc has begn prescnted which 1nd1cates that
r

both the cnamine, 4®- deﬁydrodcoxynupharldlnc, and the immonium ion

dcrlvcd from A3- dehydrodeoxynupharldlne are reduced b preferentlal

attack on the 8 51de of the qu1n01121d1ne systemspg 7 '} More fécently(76

it has been’ shown that. the 'Epl sulphonlum 1ike" interdediate derived

from 7- methylthlodeoxynupharldln ~6a-01 undergoes sele tive hydr1de

attack on thc a-face and reduction occurs Very ‘slowly. In contrast the -

i
I

"epi-sulphonium- 11ke"1ntermed1ate from 7-a-methyl tth 7- epldeoxy-
- Al
nupharldln -68-01 undergoes very rapld selcctlve hydrlde i{tack on the g-face.
. . : R 4
in Summary it" appears that -the stcrlc course of reduction of the. -

hemiaminal function at N - 5' - C 6' of the blshemlamlnals is independent'

x4 S . . . s i * )
of the configuration at1Cs7, whereas that at N-5 - C-6 is strongly

) . ‘ o A . . -
dependent on the configuration at C-7. :

i

ll.v. spectra of .o-thiohcmiaminals .

fvidence for an intéraéti‘oﬁ betwccn{che sulphur atom and the ~
imonium ion dcrlved from a- thlohemlamlnals has been observgdwln thc1r
-ulv. spectna(76). Thub 6- hydroxyth10b1nuphar1dlnc, 6,6" dlhydrOXy—
thxob1nuphar1d1ne and 6,6° d1hydroxyth1onuph1u€&ne B, as well as model
compounds all dxsplay modcrately 1ntcnse absorptlon maxlma at 290 295]pm

<

(c = SOU - 3200} 1in ac1d1c ethanol solutlon Fhls banJ (Flgurc 12)

*,x’

¢




ABSURBANCE 0.1}

units

(3]

4

' 95 .
[ \ . ‘
o \ Figure 12. 'The ultraviolet absorption spectr:i' e
% L . . -
'T . \ . ., of thiospiran Nuphar alkuloigs. 
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¢

"{—0-0-)6,6" -dihydroxythiobinupharidine (16) :|—x—x—)6-hydroxy- :

thiobinupharidine (gg);k—+a4h—)6-hydroxythiobinupharidine—6'-d1 (33);
in acidic 95% 'ethanoil. ' .
( )neothiobinuph.aric.line ildb), thiobinupharidine [1_3_(:_) , angi o
Incothiobinupharidine sulphoxide (27), in neutx_'al,.basm and acidic
sotution; ard of 16, 26 and 33 in neutral and ‘basic 95% ethanol_. .




‘abgorption at 222 - 232 nm

_dxsappcars on addltlon of b

bishemiaminals shgw only en
nm in neutral or basic ectha

14 and 15 do not exhibit thi

as¢ but’ reappears on rcac1d1f1cat10n " The
o / .
d 1bsorpt10n or high intensity maxima at 210

nol. ‘The blsamlne,ihlosplran alkaloids 13,

-

/
is 290 - 295 nm’ abSorptlon band:in ac1d1c

cthanol_and'simple immonium iodns are reportcd to show moderate to strong

the sulphur-immonium.ion in
«-thiohemiaminals and the s

u.v. spectra of various sul

The sodium borodeuteride re

(97)

(76

The analogy has been drawn ) between ,

teraction observed in the u.v. spectra of

ulphur-carbonyl inteéraction observed in the

phur conthining ketones(gsls

*

duction of hemiaminals of thiobinupharidine -

.in absolute ethanol

. The reductlon of 16

v

. this laboratory led to reco

monoﬁyd;oxxmonqdegteriothio

(76)

3

with sodium borodeuterlde in ethanol 1n
- ]

¥
very of thloblnupharldlne -6, 6'—d2 32 and a

binupharldlne 33. Unllke the publlshed res-

ult 32 is >95% dideuterated material. Analysis of the 220 MHz p.m.T.

-

spcctrum (CGDG) shows that

gxclusively 1nto the axial

ium #s incorporated to the
&
at C-6 and 60% ingo the axi

(1-6'a) in 13c has virtuall
the signal at 3.165.(H-6'e)
(111) dpparently ‘coupled onl

now a broad singlet (0.4H)

one deuterlum atom is 1ncorponated almost ,

position at c-6' and that the second deuter—

extcnt of 40 into ths equatqual posxtion

al p051t1on at C 6. The signal at 1.408

y dlsappeared in the spectrum of 32 while
has collapsed to a poorly ‘resolved doublet
y to H-8'e. The 51gnal at '1.938 (H-6a) 1s

while the signal at 3. 106 (H-6e)} is a poorly

resolved doublet (0.6H) cpupled only. to H-8c. These results are

[

compatible with these of Lalonde et al. with respect to reduction at




.

n

i deuter1dc reductlon ‘of 16 1n ethanol SOlUthﬂ

-0 but dlffer from his.with respect to reductlon at C-6. ‘Only 40%

introduction of deuterlum 1nto the equator1a1 p051t1on at -C-6 is . "

.
-

ohscrved and not 100% ae rcported for .the reduction in methanol(51 76) . a

The second product of the borodeuterlde reduction of 16 proved
f )

to be 0- hydroxythloblnupharldlne -6'-d, 33 w1th greater than ﬂfn g

1ncorporat1on of deuterlum Thls compound has a u.v. spectrum ide

€ - - -

with 26 in neutral and ac1dle etHanol and forms a dlpcrchlorate of tl

- same mthlng point as that of 26. This melting point is undepressed in

3

4dm1xturc withzthe dlperchlorate of 26 Compodnd 33 differs ih''its

» b -

p.m.r: spectrum from that of 26 only in one respect namely that the

quartet present in 26 at 3. 185 (ti-6'e) has collapsed to.a poorly

"

c

aresolved doublet 1ntegrat1ng for one proton (Flgure ll) Cledrly the

deutcrlum has entered exc1u51vely lnto an ax1a1 pos1t10n at C 6' and

reductlon at C- 6' ‘has occurred more rapldly than at C 6. The much

Yoo

‘slower attaqk at .C- 6 is predlcteble on the ba51s of stud1e5 on model

compoundq(76).- S o Co - j;a."' K

u

. /. . RN ) : .
The sodium borodeuterlde reduction of 26 in this laboratory - .
¢ . :

glves th10b1nuphar1d1ne 6 -dj; 31 w1th deuterium 1ncorporat1on in excess

. -

|0f 95%. The p.m.T. spectrum in C505 ﬁolutlon at 220 MHz shows only

minor dlfferences from the spectrum of .13c. The s1gna1 ‘at.1.936,

formerly a doublet, now appears as a broad 51nglet (0 35H) ‘and thc :
elgnal at 3 106 now appears as a broadcned s1ng1et (0 65H) Thus
deutquum has ecntered 656 1nto ‘the ax1al pos1tlon and 35% 1nto the

b ?

cquatorldl pos1t10n at C- 6 a result 1n ‘clear agreement with the boro—
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. : S
The results of the p maT. studles in CGDQ are shown 1n Flgure 13.

Ihe lower %pectrum 1s that of,. th10b1nuphar1d1ne 13c and shows- the Spln- o
: " 3 :
iy K dccoupllng cxperlments performod op that compound The centre spectrum -

is that of the product of borodeuterlde roductlon of 26 and tho upper !
' ” 1
v %

, spectrum that of the product of complete borodeuterlde rcductlon oT‘lﬁ
Thc deuterlum lncorporatlon at the various 51tcs is 1nd1cated

. The results of the deuterlum anorporatlon studles carrled out
in ethanol solution 1n thlS labervatory were conveyed to Professor - -

laLonde ‘and he has now r01nvest1gated the deuterlum dlstrlbutlon at C-6

(99)

1n both thloblnupharldlne -6 6‘-d2 and thrpb1nuphar1d1ne 6 d1 His-

' origlnal results(S ,76) were based upon 1ntegratlons of b0 or. 100 MHz ' b
p.m...'spectra ‘recorded malnlx in CDC13 solutlon. After re-e;amlnatlon

of the spectra of the compounds Te rded.rnncs

0

-at‘300 MHz he has - ' *
revised h15 results and now 1nd1cates 82— o'deuterium incorporated.into#

the equatorlal p051t10n and 16 lSé deuterlum 1ncorporated into’ the ax1al . e
I e '

p051t10n at C—6. These results are however Stlll qulte dlfferent from

those aLhICVCd in th1e 1aboratory Whlch show m40% deuterium 1nc0rporated"

1nto the cquatorxal p051tlon and %609 1nto the ax1a1 p051t10n at G-6 of

'
v

the throbtnupharldLno skeleton K S -

. (54,76, 99)
An examlnatlon of the reactlon COHdlthﬂS of LaLonde et al
o J

R

%hOhS that there weré 'some minor dlfferences from tiose used in thls

r laboratorx: Thus they used methanol. -as solvcht whereas absolute ethanol -

-

was used as the solvent for thc reductlons carrled out in’'this labor- S

a A|..

»

| atory,. Gonerally the 1n1tral amount of Sodlum borodeuterlde “added in

N .
. R

) my‘ehperrments was greater.thau that ddded in their éxperiments; R
' ) ST - . S ‘
furthermore with the reductions if methanol no further borodeuteride was
: . ’ i . r ! o

R - ' ) L Lo o

: . .
C 5 . . g . .- L.
. : lﬁ oo : 4,
R . " . I'd
. . - .- r . . N ! .
'y . - - . . 4‘> . . . .

.
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' L4

: \ . '
~added dur1ng the course of - the reactions, while im my experiments small

+

,porf1ons of borodeuterlde were added to suppféhent that already p;esent

%

\
during the reaction perlod The reaction time and temperature were not

51gn1f1cantly d1fferent ' Although it may be dangerous to compare
Jexperiments carried out in, dlfferent laboratorles by dlfferent personnel

an attempt wxll be-made to exp1a1n the dlfferences observed between the

two sets -of experiments. \”" o - S N
R o

_Reduction at C- 6' of a hemlamlnal of th1ob1nuphar1d1ne o

P m.T. data frOm model eompounds(76): suggests that the OH group

[49
. *

at C 6' occuples an axlal pos1t10n The rate of reduetlon at c- 6" is
fast for two reasons, (a) the lone pa1r on n1trogen has a trans;diaxlal

\ Cog-
relatlonsh;p to the ‘hemiaminal hydroxy group and therefore is geometr1c— l

p
ally arranged to assist the 1eav1ng group through’ aﬁch1mer1c assistance.

‘ s L :
1n order to form an 1mmon1um—10n 1ntermedlate, (b) although there is -

Steric hi drance to'u—s1de attack owlng to the 3- furyl group on c-4',

therc-is no hlndranco to attack on' the g-face. -Thus 1n.both methanol

1 ”

and* ethanol hlghly stereoselectlve reductlon was'obsérved leading to.

-
T

'incorporatlon of axial deuterlum at fﬁ1s 51te. Furthermore, from the

76)

studles on model compounds[ }t may be proposed that reduction at-

this site is probably complete within 1 hour. It isaproposed_that_the

reducing speoies at this site is BDy .

Reduction at C-6 of a hem1am1na1 of thlobxnupharldtne
A
1t is ov1dent that reductlon at th15 site occurs at a much slower

(76)

" rate than at C46'. This is predictable from studles on model compounds



and is confirmed by the isolétion of much 6;hydfoxythiobinupharidino—b';d1
<

from the sqdlum borodeuterlde reduction of 16 even after 24 hrs reactlon.

(76) R

P.m.T. studles ‘on the model compounds. *alsg 1nd1cate that thc W,

-

.hydroxy funtction occupies an equatorlal p051t10n at C- 6 of botb 16 and Qg; .
gﬁ;--lt is fe351b1e that the sulphur atom through-lts 1nteractlon w1th

the 1mmon1um ion may dlrect the OH group “into thé-eduatotial position

., upon ba51f1cat10n of the 1mmon1um perchlorate (see experlmental) The

Beasons proposed for‘the greatlyireduced rate of reduction at this site

ofold.f-Firstly'the'loﬁe-pairaof nitrogen and the oxygen suhstitf
Lin the formation of an 1mmon1um ion 1 :':j Rrie- ‘may )
‘however be more favourable in methanol (a more 1on151ng 501 ent) than
in ethanol 'Secondly approach of a reduc1ng spec1es:to both the o and-
< ] B
B faces of the qu1nollzid1ne moiety AB is hlndered Attack/on the o

face 1is hlndered ‘in the "normal" manner by the 3- furyl group at c-4 and

b attack on the B face may be hlndered because of part1c1pat10n of bulphur
with the 1nte;ﬁéd1ate immonium ion, derived from N-5 and C-6. x
It is proposed therefore that over the course of this slow ; |
reduction at C-6, the concentratlon of 'some 1ntermed1ate alkoxyboro-?:
deuterlde-epec1es‘hey Gecome 51gn1f1cant and that ‘this reduc1ng species

0

may have not only a d1st1nct1y dlfferent react1v1ty towards the substrate,

but the electronlc and steric requlrements of the reduc1ng spec1es may

also change durlng the reactlon perlod It remalns to cwplaln tﬁe
possible origin of such spec1es as well as the;r dlfferlng stablllty =
(lifetimeSJ, regctivityland steric requ1rement upong changlng the solvent

from methanol to ethqhol. . ' b ' . ‘ - . t

- ;7



) . : .

Origin of: Lntexmcdlatc reduc1ng_spcc135 o fﬂ .
. ’ '

The ICdCthl’l between sodium bomhydnde and alcohols has been . ,.

10 \ '
( ‘who have observed that SO oY Lht‘——-ﬁ“____;‘~h

dlldble ”h)drlde“ is lost within 1 hour in methanol at 0 C whereas
) (O .

at thc same temperature in ethanol only 5% of the avallablc ”hydrlde” ' K

_ studlcd b Jn ahd Ichikawa

o

. is lost h]thln 42 ‘hours. For thls rgaSon they have adVlde dga1nbt the

use of methanol as a solvent for borohydrlde thUCtlonb Davis et nl.(mlJ

~

[ -

have 5ho~n that the rate of methanoly51s ol NaBHq is pil dependent and -

that addyd ﬂaOHe w111 stablllse thbse solutlons, howcver bodlum ‘

Fl

"*mcthoxlde is not a pxoﬂuct of the methanoly519 and the rcactlon betweon

-

sodium.borohydride-and mqthanol does not change the ag;dgty of the -

. .

hedium. ‘ —_— I . ' / T ‘ g
NdBH;, ¥ '4cu3011 — Naa(ocngl+ SR\ PN ¢ § R ,

)
[

. The flnq}vproduct of ethanolySLS is also the tetraalLO\yboxatL
artion. Dav1s has buggcsted that alkoxyborohydrldes such as LH3OBH3, n
.((HSO)zﬁ“o, etc. are 1ntermgdlateslmmthe alkanolys1s reaLtlon T
Alkux>borohydr1dgs have Lgen proposcd as 1ntcrmcd1ates in the reduction

- (100, 10-,103)

of ketones thh bo1ohydr1de In these instances however

l

. . the akkOxy group may arise. from the substrﬂte as well .as the solvent if
it be an alpohol. . : o Lo M f

- - .‘ ) ' ) . . k ‘ . .\ '
Y | . R 1 AR

o R | _ SR ; | | .

) .I'. “. | ) . ‘ k : ' R
A _ R - R - F2 L/ |
' | 1,B-0CH ~ + =0 s High-(0-CH Y, o
Nt 7/ i \R



-

ie. 1133 OCH  +  R'OH "= H3B(OR')  ‘+ cHoi

' Rcactivitv.of the.alkuxyborohydrides‘

“in ethanol. It hdS heen demonstlated that the rate determln'

with substrate is kl (scc abovc),,l.e; the flrbt ‘hydride transfu , and

_ A , " 103
. ) _ *
[ [ - ) ¢ » v ) .
- R R ks . T R A
- N N : - ‘
. HpB-(0CH ) +- 020 T—— 1B-(0CH ), : s
S~ . Y . ’
: R R ‘ R : ‘ /
_ S S A U S o
- i8- Oc )+ 0 T B(OCH )y
R "R . . ‘ \R
,_, . .‘ . 0

R e R

B . : R -

AT R
AN = ~ o
P , TT“—'>/C T\\ etc.

cu — N.** BHj
.7 \ .

The reactlon hutween buhstratc and swdium borohyerde itself

vaLlae 1¢cord1n5 to the solv;nt(m4J ReductionN\gf ketones in dig[fme

or rrly{ymc is not obsarved whcrcas reductlon in aledholic solvents 1s .

fast. The 1eact1on in methanol is probably 51Ln1fluant1

[

.

*

Call a\:$equentsteps ko, etc. ére faster. The intermed1ates are move

reactive than borohydrlde both towards reductlon of :ubstrate-molecules and

towards bolvcnts This has bLLn demonstrated by rcductlon of acbtone

A : s -

——-..._, . .t : M \
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. / ' .o
with N18H(O(H(FH3)2)3 1n dlglymc where reaction is Cpmplcte in~sec0nd5,

at 0°C. 1In thlh solvent no rcactlon betwegen acetonc and sodium hnro- .

(102,104)

hydride.iSfobseryed‘after several hOurs-at room temperature Ty

©An alkoxyborohydride is a moré reac;ive reducing agent because of

clcctron releasc fxom the oxygen onto boron’ whlch 1ncrcases thc hydridic

~

»

> !
character of the, hydrogcn i.e. BH3 is a stronggr Lewis acid than

BlnR)a( )thercfbre H.is more e3511y ‘1ost from HB(OR)3 than fTom BHq

e

Squllltv of the alkoxyborodeuterldes

' " Consider now the reactlon betweun NaBDy: and the - qolvcnt ROH

. : ky _ -
B, + ROM =~ ——  BU3

ke o
BD3(0R) + froi. —5—> 8D,

£

A

Ry

(OR)2 ~

BD,(OR); + ROH ———> BD(OR)3

ky

BD(OR); + ROH ~—— B(OR)y ;

+

+ -

l+'

+

HD
HD.

. HD

HD

?fhb ratc constant k) must be greater in’ methanol thdn 1n ethanol

and cnnsequently all the subsequent steps, ko, ki,,

Ky arc expugted to be

not onl) progre551vely fabtcr than k; but also faster in- methanol qhan

-

in cthanol. An 1mportant mode of destructlon -of BD(OR);3 is the

(1 5]

L]bploportlondtlon reactlon

k .

. dis _
ANaBD(OR)3 T NaBDy +
-k,.
dis

~

INaB(OR)y _

(2)

“Thus when.NaBH(QCH;)5 is added to diglyme or T.H.F. it dis=

p10p01t10nates rcad11y NaBH(OCH(CH3)2)3 is ‘stable undef, these conditions

0w1ng bo the stpr1ca11y unfavourable char

acter of the B(OCH(Cll3)z)y anion.

a

A
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lhu disproportlonation of BD(OLZH5)3 also occurs rcad11y( 02) but might
+
.be pructed to be slowcr'thdn the correspon\ing methoxy compound

The solublllty of NaBi, at 20° is rcportcd to bc 164 mg/ml in

.

mcthanol and 4b mg/ml in ethanol(IOI) ,The expcrlmcnts of Lalondc et .

al. Jpparently 1nvolvud total addltlon of the borodcutcrldu in oné

-

nortlon at the beginning of the radctlon -furthcrmore in most cases the

a

amonnt addud was 1nsuff1c1ent to cxceed the solublllty Jlmlt “Odutlon

-

conditions in this. laboratory rnvolved 1n1t1a1 addition. of auff1c1cnt

:) -sodium borodeuter:dc to exceed the bOlublllty 11m1t and further pGI]Odll

add1t10ns,1n order to replace that }ost by reactlon with %ubqtratc or

. )
splvent, lt seems feasible that under the condltzons of Lalonde Lt al. (54,76,99)

the cxistcncc of sodium methoxyborodeuterlde 1ntcrmedlates is unllkcly,

4
]

‘and even 1fqthey are formed that they have very short l1tet1me> before

Lo

- reactlon with the. bOlV&ﬂt (somet:mus in vast excess), or hcfore

gisproportlonatlon.

In the experiments perfOIde in thls‘laboratory there ma) be
fncturs which stabilise lnturmedlatc cthoxyborodeu&erlde bpeLlLb
EFlrstln the reactlon with the ‘solvent will be slower and the solvent

was never in vast excess SLcondlﬁ a higher concentration of NJHD(OL£“5)3
~ .

will be present because the dlbproportlonatlon'of a spcc1es such ns,thls
ac¢cording for. cquatlon (7) may bc m1nﬁn1sed This is because the OXCESS
B“q present will affect the cqulllbrlum conucntratlon of the alkoxy-
borodeuterlde SPCClbb by 1ncrea51ng k -dis" King et al. (108) have tounH'

" that NaBH(OCH3)3 will cause reductlve ellmlnatlon of 1, 2-dibrdmides in
diglyme solution; The'rcactlbn does_not,occur wlth NaBHu alone butj
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oreurs readlly with a mlxture of Naa(ocn3)h and NaBll, in the lutio of

311; thus 1nd1cat1ng that a ‘significant concentration of the trlmothox)-
. . ’

borohydride species can be achicved throUgh an equilibrium reaction such

as equation (2). ‘ "
T ,

Steric ¢ thCCtb rcsultlng from accumulaglon of an alkoxyborodeuteride HpﬂCleS

It is proposed that reduction at C-6 during the initial stages 7i
ot Lhc roaotlon involves very skhow attack of BDH on the- immonium ion
";apd Lhut the, mode of attack,is on the a face of ;hc,qu1nol111d4no syitom
AB, opposite'io the sul?hur atom; leading to incorporation of deutorium_

_ . g . :

into the equatorial position at C-6. Over the course of the reduction .

-, . * 0

the concentration of an intermediate alkoxyborodeuteride species may

: s’ . s o . ’ . .l . l P s -
become 51gn1f1cant.,,For~the reasons,é;ted'prev1ously both the lifetime -
- and CUncentrqtlon of ethoxyborodcuterlde species in ethanol, wolutlon

< . )
are cxpcctod to be groater than tl&.corresponding methoxy species 1n !

methanel. . It is p10p05Ld thcrefore that the 1ntermed1ate bulky

4

c;hoxyhorodcumcridc SPGC1Lb has a steric requitement different from BDH.

and cannot approach the a side of"thqrqurnolizidine system AB and must

th'rcforo approach from thc g side resulting in incorporation of
deuterium into ap axjial position. As the alkoxyborodeuteride species

orc'mucH‘superior'reducing dgonts to boro&eutoride, a smoll but'finitc
amount oflthis intermediatc might lead to a vcfy signifioant_oistrib—
ution of deuterium betwecn'thc uxial and cquatorial positions ecven

: ~
. though .a side approqch of BD, is occurring very slowly thfoughout the

course of the reaction. The rcductlon at C- 6 is probably fastcr in-

methanol than in ethanol, the former being a more 1on151ng solvent

‘ - “ .
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thcrcby faL]lltdtlﬂg the formation of an 1ntcrmedlatc immonium ion
{(indeed, onc of the reactions of LaLonde et al, was performed’ on the A

immonium §ﬁ%¢3+g As the lifetime and concentratlon of 1ntcrmedlatc
s’ . .
11koxyboxodcuter1de 5pec1cs is not expccted to bc as great as in ethanol,

t‘u reduction at C-6 is achicved prcdomlnantly by the species BDq in

methanol solut1on laddnng to pxedomlnant 1ncorporat50n of cquatorlal

-
r

duutcrlum at this p051t10n R -

The aljove proposalq are basud on vcry 11m1tcd data and cannot bc.j

duthcntlLdth w1thout a grcat deal of furthcr work involving deta:lcd o

kN

ckinetice studlcs and btudles of product dlstrlbutlon versws time. ‘There

is however some precedence for these propoaal% Thus® Rickborn and

WuubthOffilO?) have’ 1mp110d that there is a significant ‘buildup of a
bulky intermediate alkoxyborohydride' intcrx’nediute to a finite concen_tr- .
ation in the rcductlon of alkyl> Substltuted cyclohexanbheq The
katoncs gave Tise to two isomerfc aIcohols and the ratxd‘of these

products changedgdurlng the course of the rcductlon They concluded

~that the bulky intermediate.alkoxyborohydride resulted in stcrcoselective

[y

product formation Whlch was different from the product rcsultlng from

-’ 2

BHH rcductlon hey also conLluded that only a small amount of the

Y

1ntermedldtc was required (little more than stnady state concentration)

to haVL a significant 5tercochem1ca1 effuct

cheral gxperlmcnts may be devised to test thc p10pos¢lq suggcsied Y

above. It would be of interest to carry out'the rcductlon .of the hemiam-

ina]s'of_thloblnupharlélne using a stable bulky alkoxyborodeuterlde as.

the reducing réagent. A su1tah1e choice would seem to be NaBD(OLH(CH3)2)3

oot

) T



in diglyme solution. leproportlonatlon of thc‘tw11soprop0xybulo
deuteride is slow or non- existent in this solvent(IUBJ Even if some

u\lBU“ was formed it is unllkcly that it will act as a rudugln& JLLHl in

(100)"

this medium Acuord1n5 to the proposals dbOVC CXLlUHLVL 1n;0rpq1-'

acion of deuterium into the axial position at C-6 is expcctcd upon’ /
rcduction of the hemiamiafl functibn with NaBD(OCH(CH3)2)3 in diglymc)'

An dlterﬂdthL reducing agent which should achieve the same steric

rgault is NqBD(Lzﬂb)j which 1is easlly prepdred and stable in Selution

The.use of this rcagent has been suggested in ordcr to achieve stérid
LOHtJOl of ketone rcduct10ns 1t would also be of ipterest to cxamine

tHL kinetics of thc sodium horodeuterldc rLduct1on of both the pleiormed

"1mmnn1um salt and the 1ntact “hemiaminals of thlohlnupharldlnc lhlb

should be Larrlcd oUt in a relatlvcly non-ionising qolvent such as 1bop10—

panol, in “which sodlum borodeuterlde is relatlvely stdbletlooz in ordel to

.duLerminp whether the'rate of }mmonlum,lon intermediate fprhat&on plays
a 1ole in stcreosélectlve produot.formatlon

‘ The anomalously low deuterium content in the sxngly and_dﬁﬁbiy
labullcd thloblnupharldlnes obtdlned flom sodium horodbutcrldc reductiunl

99 .
of 26 and 16 in methdnol solutlon is puzzling. laLonde et al. ( ) havp .

suggested that the mass Spectrometrlc method used to determine the

“isotopic composltuonq fay be subject to error because of. the inac curaulcs

. absoCLated with comparlng peak 1nten51t1Ls in labell;d 1nd unlabellud

Samples when relatively intense M - 1 peaks are'observed. An altcrnative

- .
§

explanation givcn Was the low reactlvxty of sodium borodcutcr1deﬁre1at1VL

[y

. - : : (99
to the reactivity of sodium borchydride. Thus it was suggested

110.1j
_
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that the 2% NaBH, present in commercial samples of sodium borodeuteride
R .
ml} react bcfore significant reaction of any of the NaBDq occurs because

of a kinctlc Lsotope effect. As there was'a twcntyiold cxcess of reduc-

ing agent present this could acéount for the ratio of hydrogen-to

deukerium observed in the reduced products. , he

a

While thc mass specﬁrometric method may haveé some intrinsic
error the metnog of calculatlon appears to be the same” in both exper1-

Cments; furthermore the results obtalncd in thlS laboratory were conflrmed

at least 1o +5 by the 1ntegrat10ns of the p.m.T. spectra. T o0

In reacthns 1nvolv1ng hydride’ transfer Trom sodium borohydrlde

dn inverse 1sotope effect has been observed Thus the hydroly51s of | | '

(10 )

sodium borodeuterlde occurs faster than the hydroly51s of borohydrlde

an inverse isotope effect has heen observed for the reduction of ketones T

(110)

in alcoholic solutlon and the nethanoly51s of 11th1um borohydrlde
in.diglyme also shows an 1nverse 1sotope effect( ll) This effect has

been aseribed(log) to a secondary 1sotope effect of the other three
hydrogens onrdcoggliﬁms that are nqt undcrg01ng the protonoly51s reaction .
in the rate-determietng 5&ep.' The ‘boron- hydrogen bond that is breakrng

15 contribusthg a shali normalﬂprimary.isotope effeet but a large inverse
'Jecondar\ isotope cffect ‘makes the ratlo, k /kD, 1ess than,onc; ‘Eor. ‘

“this reason it does not seem valld to propose a4 large 'hormal'ﬂjsotope_

;cffcct fo; the borohydride reduction of hcmlamlnals in methanolie

. ; S ' e ' B
solution. . ' - - -
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.THE‘UEYERMINATIUN 'OF THE SITE OF A MONOHEMIAMINAL FUNCTION USING MASS
- L)) - - .
. SPECTROMETRY - ° S . : i ‘

-
'

Lcngthy CxpellanLatloﬂ is ruunrnd in nrdﬁr to dltfcruutlatc

between th two-sites,‘cfﬁ and Cjﬁ , for. location of the OH proup of d‘53
' I d
~ monohemiaminal of the thiospiTan alkaloids. The 1ntcrpgsiq£uon of the
u?a‘

_steric course of dLut011um 1ntroduct10n using p m.r. stjﬁjuq may prove

c%peLjdlly difficult in the cas¢ of borodcutc11de reduction of monohemi wn-

t. N v -

inals of 14 and 15 where in all case% the centering dcuttrlum is expected ¥
to incorporate cxtlusivuly into an amlal p051t10n at C 6 or ( -6'. Q.v.
studics have shown that itqmdy be possible to dlstlnbulsh bLtthn a
tledmlﬂal group at C-6 and one at C- 6'- ‘the appcalancc of a low cnergy.

dle lHdUCEd absorption band has been gttrlbutud to Sulphur interaction,
throubh a- threc~mcmbcred r1ng,_w1th an immonium 10n dcrlved from H

. (70).
hcmiaminal function at C-6. - However, the p0551b111ty ha;/bucn conceded

rﬁqt interaction through a four- membered rlnb ‘between bulphur and an
tramonium ion derlvcd from a, hemlamlnal functlon at L 6' may be pos>1blu,

‘ _whlch may also give riss to 4 high wﬂvclczg;h absorption maximum. .(cry

(112

petel ntl) la[ondc and Wong have 1nd1cated that LlIC&hﬁr dithoism. .

qtudlaq erformed on solutlons of 1mmon1um ions dcrlved from monohcm14m—

4

inals, may. he used to dlffcrcntldte betwecn C-+6 and C-6' as the site of

the monohcmiaminnl functioq of fhé alkalo;da having the bisamine chlcton
. i . . "j . .
of 13 or 15. . . o
The rcbults from ‘the mas% bpeutrometric study of the borodeuteride

{

rcductlon producfs of 16 and 26 ln thlS 14boratory have 1nd1cagud the

o presence of a potcntlally useful dlagnostlc fragmcntatlon pdttern At
-/\-. . ) | - . .-. )
® .



_.ulthtr bldC of a‘moleculc with gross structure 25 (R1 = Ru = [1). ‘The

i

jC—ﬁ'——L;7'bond pover cleavage of the C-6%—C-7" bond which may outur

between C-6 ‘and C-6' as the sitc of the hemlamlnal function.

Y .

'
.

first sight the tragment ion m/fe 178 (Sghcme 10) muy bt der;vcd irom

"

mass sptttrum of thloblnupharldlue ~6-6"- d2 32 shows that m/e 178 is Co

.

.LllﬂprSGd almost totally tqgﬂ/c 179, an,expccttd rtsult "The mass oL

t o

.
t .

quctrum ot thloblnupharldlne -6-dy 31, howcvcr, also. shows that m/c 178
is movcd almost totally 1o m/e 179, whereas the LAPCLth rtbult 1¥8for

- . N I ' *
m/c¢ 178 and m/e 179 to have comparablu rqlatlvc 1ntcn51ty : 3,_ '

] ‘e

This 1is 1nterpreted as prtferentlal homolytlc cltavage of tho'

owing to the particular stability of the rcsultdnt tertlary radlcal centre

.

« to the sulphur atom(l;s) and/or becausc the nclghbourlnb polarlzdble

v

Sulphur atom may tnhance the rdte of homolytlc scission of the C=6 — C-7
bond. *Vastly enhanced 1atcs of hom01y515 of the 0-0 bond of pcrcattr:

have been abderved for those cases where a neighbouring sulphur atpm is

£n

. T : © o (114)
spatially posxtloned to assist bond cleavage™ o . /

rhloblnuphar1d1nc -6'- dl 34 was prepared by borohydride reduction B

e

u/ ]

ot 6 hydroxy 6'—dtutez1oth10b1nuphar1d1ne 33 in ordcr to'test the abnwe
proposal- 1he mass spectrum of 34 ahows'that m/e 1?8 15 trdﬂprHGd only
to a small exttnt to m/c 179 and thcreforc fragmcntatlon -0f« the molctu141

ion must occlr prcdomlnantlyfas shown 1in Schcmc 10. )

- In summary, 1t seems that {LStudy of the monodcuterlo blSdmlnL,
F "

/

resulting from horodeuterldc'reductlon of the monghemtamlnal

o

an expedlent method to d1§t1n5u1sh

using low

resolution mass spectrometry, prov1dcs
+

13

. N ] . . \
i : \\- ; : -
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wso't‘lrlroumumwammﬁ SULPHOXIDE'(Z?) B A

{a)y The Lrose skelctal structure

. . The othcr thloepiran alka101d, oﬁ molecular formula Lgoquwzoab

to be exdmxned Ln thlS study was the LompOund coded 27. Its molerulal

N
tormula was establlshed by h.r.m. s.-and combustlon ﬂnaly515  The;iJ},_" ,.!
,speetlum gf 77 unllkc th&t of the monohemlamlna} 6 hydrOxythloblnupher— . " .;
1d:ne 26 dlsplays 1ntcnbl.Bohimann bands’ln the req1on 3. 60 - 3. le )
1u17hcrmore the i.r. spcctrum of 27 1s very 51m11er to'that of neothloﬁ' -Q;
.hlnuphar1d1ne, dxfferlng only 1n one 1espect namd{} the presenee nf ene  o v

extra absorp {on at 9. 60 - 9 bSp as shown in Flgurc 6.. This is JUSt above

(115)

reported for sulphoxldes , but con51der1b1y be low

” (116)

the replon 9. S_

H

thc rcpion 10 30 N\10. 504 reported for N 0x1deb

An N- 0\1d0 also ‘ , '"‘

seems unllkcly as-th‘ Bohlmann bands observed for 27 are comparable in -

f‘ relanlve 1nten51ty'w1 h thosc observed in the i.r. spectra of .the hlSdmlne
lalkaibids. The prese ce of .one N- ox1de funcélon and one basic nitrOgen '

4n, an alkaleid of thlS typeo should mesult 1n a much d1m1n1shed rclatlve
N .
intensity for the Bohlmann bands No abborpglon is obqerde il the region

: e

T ‘

Lharacterletle of hydroxy groups
| Thc .V, 5pcctrdm of 27 in ha51c, neutral, and dCldlL methanol

shOhcd only end dbsorptlon and wis jdentical with that of the blqdm1ﬂL
<} .

-' th1owp1ran alkalolds (IlbUre 12) ' Sulphoxldes are rcported to exhlblt , o
(117 0 '

a modcrate absorptlon band at, 210 nm in alcohollc bolutlon Thie{ '

absorptlon band will thereforu be 0b5cured for sulphoxldcs of thu bisamine
; ‘alke101d5 - Lo L R o .

Thc mass 5pectrum of 27 exhlblts ions 1t m/e 461 a@d 447'cbrres-

K

pondlng to loeses of SOH and CustH from the moleeular ion, pﬂrallellng

the' loss of SH and Cust observed in the mas's spectra of the blsamxnee .

. o . . . - Y
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i3 and 14 (Tablc 3). The monohemiaminais exhibit an intense peak ut m/e -
402 corrLSpondlnb to the 1055 of H20 from the molecular ion. lhu bpeLter
.of 27 on the other hand exhlblts an intense ion at m/e 403 LOfTCSpOHdLng
to the loss of Oli, a pransformat;on Supported by the' prebence of a
-”mctastablc” peak and thistragmentatipn is commonly nbsérﬁed in the mass
(118) . : in
. This fac11& loss of Oti, rather thansHEO,

. '

coupled wlth the evidence that oxygen 1s lost togcther with sulphur on
\

-spectra of sulphoxldes

LlQCthﬂ Jmpact suggests that alka101d 27°is a sulphpxlde. Thc rummjnder
of thé mass. spectrum of 27 is wvery. similar to that of the b144m1ne&

(Schemes 8 --10}. The 1ons at m/e 230 178, 136 107 and 94 are all

prescent and- havc comp051t10ns 1dent1cal with those found for 13 and- 14

Llable 3) Ions of low. 1nten51ty are present at m/e 280 (C;SHZZNOQS)
2 (280 - 1,03, 375 (C21H31N2025), a;d 357 (3?5 - HZO) The ion m/e 280 !

is Lognate to ion m/c 230 and is analogous to fhn m/e 204 in the spectra

“of the bisamines 13 and;14 whlle m/e 375 is cognatc to m/e 136-U ahd is
andlogous to ion ;/c.QS in the spectrum of‘dcoxynupharldlne 2 (Sgheme 4) ‘
dﬂd ion m/c 359 in the bpectrd of the blsamlneb (SChLme By. .

ot :. © An N-oxide structure is unllkely £rom mass spectrometrlc Lv1dence.'

_¢The mass spcctrum of dcoxynupharldlne 2 is dlstlnctly different from that

nf the correSpondlng N- 0x1de 1 whlch is domlnatcd hy ‘the ion m/e 111 as .

o

1

shown in Figure 4. If 27 werd an N- ox1de then its mass spcctrum should bL

351m11ar1y dominated by the ion m/e 375 (the 1on analogous to m/¢ 114 in 1].
‘Although m/c 375 (L21H31N2025) is present it is relat1vc1y wcak and*qu
also bc dcrlved from a sulphox1de structure h ] e
. _ - : e

A

s
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. ’ " .
“The p m.x. 5pcctra of 27 recorded in CDC13 and Celg solution at’

220 Milz are shown in Flgures 14 and 15 vcspectluelyw Only the rcglgn
0,08 - 4 0§ is prcsented here d; no other s;gnals appcar in the SPLLtId, k
except those a{r\lng from thc furan protonb (see experlmcntdl section for
chumieﬁl shi't.‘ts]é]_l As there is no low field 51nglet expcctcd «or the part

v - L H
structure -::N‘f(-: , a monohemlamlnal functlon at one of the C- b

f e .
poszrlons ‘may be 1u1ed out. Tthe p.m.r. Spcctra are unchangcd after
addxtldﬁ of Dy0 conflrmlng the absence of OH functions in the moleculc.

The p.m.x. spectrum of 27 in CDC13 (Ilgurc 14 and cxpuercntal

section) also bupports tiie prcm1se that ‘the alkalo1d is not an N- 0X1db‘

An ekamlnatlon “of the publlshed p.-m.T. data(70) f01 the N- ox1de 7—ep1—

huphalldlne shows thdt the protons H- 4a, furan B-H and furan a-H as well
as thc protons at C-6 of thls a1k3101d all appear at much Jower flO d .
~than the correspondirg protons of 27 o - : L ‘ \

Chemical btudles have conflrmed that 27 is neothiobinupharidine

NI
[N - s

:ulnhox1dn f01 it may’ be hoth prcpared from and converted to ncothlo— o,

binupharidine 14b. The cornfiguration at sulphur, howevef, was 10t

s, t

stdbllshed dt ‘this stage
| thn 14b" is treated with H202 in klacial acetic aqid‘i; yields

an oxldatlon prnduut identical with thc natural babe 27, ‘ Their idcntit} :. o
Was CbtablthCd by.comparlson of their optical TOtdthH, their i.r. ' A
"Q-VC, p.m.r. and mass spectra thelir meltlng p01ntb, and a mlxturc-

melting poxnt determlnatlon Compound 27 is remazkably stable to

r&QBCing agents. It is recovcred unchanged'after ;reatmenf with zinc
in acetie acid, éulphur dioxide.in aquedus solution, aﬁa sodium

'



{ A : , | T 15

horohydr1de in ethanol This argues furthef against the possiﬁilitf of

N-oxide oT humlamlnal functlons as nupharidine may be reduced to

-

duomynupharldlnc with aqueous 802 and hemldmlndls may be reduced to

-

“tertiary amines with sodium borohydridé. = 5.

The natural base 27 yielded a bisamine upon treatment with
. - : . e

N phosphorqus.trichloride:in ethyl\acetate, a reagent Known to convert '

(119)

su[phOkldCS to 5u1ph1d0¢ The bisamincfwas found to be neothior

hinupharidine after a comparison of ‘spectroscopic properties and a
Al = .

- ' - " . M .'f - i .. ’ .
mixed melting point detcwninatlon as described in the experimental

—

section. : - . o ' ) . "

The alkalo1d 27 is: therefore a sulphoxlde of neothtohlnqpharldlnu
It is the flrst rcprcscntatlvc of its class among thé sulphur contdlnlng
alka101ds isolated. from “Nuphar species. Interestlngly no hemiaminals .o

based on the-neothiobinupharidinc skelcton have been isolated at this

time.
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«
.

(b)Y The configuration about gulphur - E B S

‘There gare two p0551b1e structures for. the sulphoxlde of. ncothlu— .
'binupharidine and these are’ repres;nted as 27a and 77b shown in Figure lh

L

The compounds 27a and 27b are dlasteruomers and in order to HlStlﬂbUlbh -

‘between;ehem a detailed study ef the p.m.r. spectra of the bulphox1d2 was
undertaken 1he protons at ( 6 C 6', C-4, C-4', the two protous at L-17'
and the two- protons at C 17 were identified from their LhaIaCtCrlstlL

chem1Cdl shlfts, thClT spln spln mu1t1p11c1t1es and COUPl{J%/COﬂbT&HtS

‘and by the use of spln—decoupllng techniques (Figures 14, 15 and prtll-

-

mental section}y :
. - i .
In order to dlfferentlatc ‘between the equatorlal proton at C-6 .

o

and thc equatorlal proton at C-6' of 2” two basic assumptions were made:

The first of these was that the tentative a551gnments made for these

o .,

protons in the parent'sulphide, nedthiobinupharldine;'were’indeed correct, '
. . 2 ) S .
Jlthouah it has not been possible to confirm this using n.O.e. studies.

(The chLmlcal shifts of the relevant protons of neoth10b1nuphnr1d1nL

5

]4b togcther with thoqe of neoth10b1nuphar1d1ne sulphoxide 27, in the
solvents CDC1ly and CSDE, are llsted in Table 9.) Tiie sccond assumpt1on »
is that a Lorrelatlon may be drawn between the Lhemlcal shifts

assigned to_n-6a, H—6e,'and H-6%a of 14b in CDC13 solutlon and those

‘observed for the corresponding proton% of 27 in the same bOlVCHt No.
Lorrelatlon nay be madc between the a551ghments in CBDS eolutlon uxth_

any degree of confldence bécause the solvation of a cycllc bUlphOdeL by
j b I
benzene .is egtirely different from the solvation:of the correapondlng-

(120 }21? (see_elso later ‘in this chapter). From Table 9 it

sulphide
. : N -‘ : p
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e " f, -‘.!-‘ . F{

- \: .
14b Ry =-lone pair; Ry = lone pair
27a Ry = 0 ; Rz = lone pair

27b Ry .= lone pair; Ry = 0

3

R

Figure 16. The structures of the two'possible diastereomeric forms of
neothiobinupharidine sulphexide 27a and 27b, and the specific
solvation by benzene of the S - 0 bond.of 27a.

- i ) “
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is apparent that H-6'c of‘the'sulphoxide is deshielded by 0.34 p.p.m.

relative to the parcpt sulphide._

An anmlnatlon of a Dreldlng model of. 27 (as c1ther 27a or 27b)

lndltatbd that an n.0.c. mlght be observed betwan H 6'e and HB-17' but'
not betwcen H 6e and either H -17' or HB-17' for a Var1ety of conf01h

w
~ations of the central tet1ahydr0th10phenc ring. However all'attcmpts to

»

'“ohservu an nAQ.c, proved unsucccssful Thus the chcm1Ln1 shlftq of H 6o

A

amd H-0e of 27 cannot bL unamblbuously 1551gnbd at this time. The dls—

cussion is nevertheless cpntinued on the absumpt1on that thu assignients

chown in Table:9 are correct. ; : .'._ N

.

Evidence will be presentud based on the an1aotrop1c effect of the
.+ 0 bond and bascd-on solvent. shift studlcs, 1nvolv1ng specific bOlV—
ation of the bulphodeC group. by benzene, whlch lS consistent. with

structurt ﬁ7a, but not for 27b, for ncoth10b1nuphar1d1ne sulphyxide.

The anisotropic e ffeut of the sulphoxlde s+ 0 bond

There are scveral mcthods avallable tor the dctermlnatlon

configuration of a sulphoxide. Fhe lnvcstlgatlon of rcactlonb at .the

| 123-127 :
a-curbon(Lzz), such as base gatalyscd H-D cxchange( ) nece arlly

quu1rc a reliable mpthnd to dlstlngu15h petween the twWo o- muthylenc "

hydrogens. This was not posélble for 27" owlng to thL lack of any. oh\Lrv—

[} AN
-

aﬂlc’n.o.c.‘s.
P.m. I. chemical sﬁift values have becn employed to assign stércd-

-ChemLStTy to both acyclic and. cyc11c=5ulphoxides. Slgnzflcant among the

'-numcrous appllcat1on% to cyclic systeﬁs arc the reéently reportcd.

configurational assignments of the sulphox1da g1oupq of thletqnc-y—



*
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2 29 ’
0x1dc5(1 28,1 ),~Lp15u1phox1des(130), 1-4- oxathlan S- OdeLq(lyl) and,
pcxhdps most mer0551vc}\ £or the sulphox1dcs of pen1c1111ns(]201133£134)L
A
LthL :tudlus havc rcvealcd that a significant deshielding is obaurved_

- for pxdtonb possessing a cis '1-3- dl&Xlal rclqtlonthp to the S ~ 0 bond

(131a)

of the sulphdxidcu“ This dcshleldlng hdb been dttllhuth to.a

. - (89)

proximity effect” - ° and/or acetylenic type anlbotropy of the 5 = 0 hohd
"\" v hd . 3 ’
(collectively calle® the sxn-a5ial-¢ffect). Othcr WOTKCIH( >) have

propcééd'from p.m.T: studies that, qualitatively at least, the screening

envirenment around the S + 0 bond ﬁPbiS}imﬁ%95—¥h8’ of the _acetylenic’
triple bond. .

It wus of immediate 1nterest therefore, to note the downfigld

shift for the 51gnal q551gned to H- 6'0 upon oxldlslnq neoth10b1nuph111d1nu
to its bulphOdeL dnd also the 1arge downflcld shift ot the 515n41 : .-
as:igned to. H -17

P - The Lhcm1Cd1 shift dlfference bctween an axial® B-proton posses- . e

- sing a syn- axlad rclatlonshlp to an axlal s~+0 bond and an axial ©-,

proton pOSSLbblng a syn- 1x1al relatlonshlp to the lone pair ofﬁghc.sulphox-

(137’,1:9,139? ,l:md. L

de &roup (s-+0 bond equatorlal) is wal-documenth '
is of the order of 0 7 - 1 0.p.p.-m.
.-” . - - .A " .., ..
g O
.. i . 2
1 o . , [
. .
’ < 4 e

HA %ppearslfo.T - 1.0 p.p.m. downfigld of “ﬁ




S _ Ty
“tlowever, the effect of a syn—axial S -+ 0 bond relative to the

N pd1cnt sulphide is not as wcll documentcd In 27a it ﬁs'necessary'fo
L .
know what cffect the sulphoxlde 5 + Q-bond has on the Y pxoton H-6'e when

Lompdrud to the parent su%phlde 14b. A su1tablc model to dssess this

nftht appears to bc nfthfl -3,4-di-0- -acetyl-2,6-anhydro-2-thio-u-D-

dltrop)ran051dc 35 and its correspondlng bulphoxldc ¢66131h).

_‘_H“:i. Ri = Ry = lone palr

36 Ry = lone pair; Rz =07
(1:68) | -
[5-32] H

AcO" -
O T T o
6] S R

The figures in round brackets rcpfesenf the ehemical shift’ (9) ohserved
for compound 35 in CDClj solution and the figures in square brackets
represent the chemical shifts of the ‘corresponding protons ‘of the -
Su]ph0k1db 36 in thc same solvent.

In order to compare the model compound 36 to the sulphoxide 27a
prOpObals musL be made concerning the1r ﬁreferréd COHfOImﬁthHb in.

o @

501u110n A molecular model of 30 Shows that it has g ripid structure

and that thc Julphoxlde bond w111 probab]y 1le in.bctween- t-3 and fi-3.

(1h order to mlnlmlse non- bondcd ;nte1actibn5). chthiobin&pharidine* a .
sulphoxide howevcr is more complicated. rhe trans- qu1nol171d1ne

m01ct1Ls rcpresent fairly Tlgld 'sections of thc moleculc but the holecule

is contormat1ona11y labile, to a certa1n extent through pucker1n5 of
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the ccntral tetrah}drothlophene ring. L V L
A study of spaco filling and Dreiding modcls suggests that a -

favoutahle conformatlon is that structure in .which Ca 7', the .sulphur atom,
G- 17 and C-17' are in approx1matcly the same plqne with C- 7 lying outside
.this plane by puckcrlng of the central ring,-i.e. as the reader views -

' structurc 273 the atoms C-7', C 17', S and C 17 would be approx1mately
| ‘1n the plane of the paper : and c-7 would.llc abowe tho paper In this

' tonformatlon the sulphox1de S~+0 bond ‘bisects the 1ng1e between C-7— C- 8>

and C-7— C-17 and the protons attached to C 17 possess almost fullyD

stdggered relatlons?iés to the nearby C C and C-H bonds of Ca6 c- 7, and

-C 8. A further'consequence is that the S -+ 0 bond and the proton H -17 \ _

are in close proxlmlty This . accounts, in part for the low- fleld ’

'appearance of the 51gna1 aés1gnod to the latter proton (J 946 in CDC13)

when comparod to the same proton of l4b (v 1.256), whereas H 117 has B -t

lapprox1mate1y the same chemical shlft in both the sulphlde 14b and the ../

sulphox1de 27a It has been demonstrdted that the 8- proton cis to. the : ,o

S ~ 0 bond appears at lower fleld ‘than the 8- proton trans to the S +0

_ bond in the p m.r. spcctra of tetrahydrothLophene S- oxlde( 121 ) ' ’_.
“casurements of bond lengths and anglos direct from Dreldlng

models (sec also,Tablc 10) shows that the spatlal arrangements of the

l + 0 bond” and H- 6'c of 27a and of the S -+ 0 bond and H-4 of tho"nodel

-tompound 36 are similar. It should be noted that H-4 of 36 is also a’

i hydrogen and that the downfield shlfts observed for H-6'c for the

[

A similar puckering of the contral tetrahydrothlopheno ring has been
observed in the crystal form of neothiobinupharidine dihydrobromide as
shown by the X-ray study(44), although in this case it is C- 7‘.wh1ch 11es
outside the plane. vt

*



.
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ctructural?transformation 14b + 27a and for -4 for the transformation

35 - 36?ure identical (0.34 p.p.m.). o _ S o

120
DcMarco et al. (120) / have u%ud the prcmlsc that "the clectronic.
Jlstrlbutlon about an axis th1ou£h thc sulphur and ox)gcn atoms 0{ the

'S - 0 bond must be symmctrlcal‘or very nearly so'. Thus thcy have pointed

out that “for bonds which possess axial symmetry, the well- known and

1307)
. ‘_O\thH1V01y 1nvokcd Mc(onncll p01nt dlpole approx:matlon( 36) (Lqudtlon 3)

is, @ useful cxprcq51on rclatlng thu 51gn and mdgnltu@c of nuclcar
ey

,Lrtcnlnb on a glvan proton to" lits spatldl position relatiye to thc

@

~anisotropic functlon-under;con51derat10n _— T <

. ’ . - ' v ! " . 4

- ' 1 ‘e

k] L - .l - L . - - s

¢ o - X
. . © {1 - 3c0s%s) " o
G = AX Fa— 3. e e e m - ('.'))
a Lo 3R . ]

~

where R = distancé betwcen the proton under study and _the LiGLtrlidl

. centre of gravity of bhe.énisotroplc bond (in thlb chise the ccntne ot the

2

. .
$-+"4 bond ), 0,is the angle between thc‘dlrectron of R-and the Symmetry -
. R . :

g

axis of the anisotropic bond, and A = a constant (anisotropy) character-
- o ‘ i T X * ° . . " .. ey
istic oft the bond under congideration

) : ' g . . Lo
It $as-of interest to discover whether the change in chemical

obsd obsd obsd © Ea e various PTOLORS
: =" - : , observed for the various protons
-Sh]ft (80 bulphldc 'sulphoxlde} '

in the’ v1c1n1ty of the sulphur atom of 1lab upon oxidation to 27a, was 1n o

3
- !

agrecment w1th those value% prcdlcted as 4 resu}t‘of calculations erthe

v - -
N .

The sam% agsumptions arc made in this work as were made” by DeMarco .and: "o o

&oworkers concerning. thée clectrical centre of grqv1ty of the 5+.0  _13p
bond and the -values used for A . The values used are -19.2 and’ -32.2 X 10
" em? molecule ! (the wvalues rcpsrted for the acetylenic bond).
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McConnell dipole approximation.’-Using‘equatiod (3)*end the various,
. P .
pdrametcrb measured dlrcctly from Dreldlng models the“change in chemical

thft values wcre caleulated for il- 6' H- 6'_, H—Gc, H~6a'.the’th10¢
nutbylcne protons at" C 17‘{ and the methylcnc protons at C 17, for thc

v o M
T

transformatlpns,l4b > 273, 14b + 27b. and also for H-S'and_de for the

. . «, . ,’. i 3 .
transformation 35 - 3_(3_ , T ) i

Examination of Table 10 shows that a reas‘.onable"::al_itativc- agree-
ment was obtained in the case of 14b - 274 between predicted and observed

'VJIULﬁ for H- 6' R { 6! a and H-6a: 'The'pfedicted change for H—GQ'ﬁaS ar

‘thft to hlgher fleld whereas the obberved Wa]ue shows no change 1n , v

r

LhCMlLal shift forthls pIOtOD for the transformatlon 14b ~+ ’73 HO“C\LI
it was, pO:nted out earlier “that- H- 6e dld appear to bc dbnormdll) shlclded .

jn the parent sulph1de. Good qualltatlve dgrccment Was also obtalncd in

"‘.:the-case of-tﬁe modci compounds 35 -+ 36” The agreement between p:ed}uged
' : g '_ '
And observcd values for l4b - 27b was not acceptahlc As it was ‘mot

p po§51b1e to defLrentlate between thc protons HA-17J and HB—lY' Ln the

R

Lot p.em.T. epcctrum oi 77 no comparlson between observed and predxeted »alue

-could he made Good agrLmentuw1th the McConncll approx;mdtlon is not

f

~

~'cxpeqted for these a- methylene protons, howcvef as 1t'has bccn demon:

Stratod(}ﬁ0.129»l32il34'137)”that protons u7antiq;131 tq the lone palr_oﬁ‘ .

¥ o .
‘ . B £
. .

4
[

: “When prop051n5 a prcferred conformatlon ‘for 27b theesame ponfhondcd

. . interactions werce copsidered as for the casec of t 27a. Thus it seemed that1
the likely ‘conformation would be that structure In which E -7t, €-17,°C-17" .
‘and’ the sulphur atom were ‘approximately in the .same ‘plane with LL7 1y1ngl
"below this plane’ [as the reader views 27b). The $+0 bond then ‘bisects,
the angle between C-7-—C-6 and C-7—0C-17 and #,-17 lies! close to the

.5 -0 bond and. is therefore assigned the resonance at 1.946 (CDClj anq

_(,605) S, L e

3

*




3 . - i ¢ -

o~ o . ] ﬁquuﬂvopa son{ra 9soyl :uaz p:msouhmm o>HunuHHmsc mﬂmmcommmh MOYUS
qmmm . ‘ ou nugovﬂr:OJ asoyl a1v (#) soniea poydayy  © 6 D1GEL Woil uoyel olg Sanjea Wmno .
8,509¢-1 = 09 "o 1 ‘(¢i uoTaEnbha Jo 101se3 uHhuoEoow a1 mucmfug;up ‘4'9 & ‘{19a1300dsol 'y T° 0%
pue ¢£¥ 01 mﬁsﬂu:copaoh 3I0M Y ﬂ:m {# Jo sanley " rsTopou JU9ioIJIp oMl UO muﬁm&@hﬁmuoe.wmw:p 3o
cmms 2yl m”:omopcop an{eA yormo m~0ﬂoe Juiptolq wo.lj Af300a1p vohsmmms aLaM ﬁ:m mo wo:Hm> .
. . o ) . ] -1 ] T
gic0- - OVo+ - pz'0+ .. €ECT0"0- g'z . 8% AT TN o _
‘b - il : . > o
80 0~ 0L°0-. v’ o- 68120 0+ gz . | al1-"H |
300~ _ : — : — ) a1 (4o apTxoydng
A s W0o- 10°0- 8£000°0+ - 8¢ - 95 POLT-TH ‘ . :
03 £0°0 . _ RN
PR A (s Ly°0- §Z°0- - 1SY10°0+ gz g8 Cr-vm b S
__¥0°0+ 1c°0- .~ €L°0- - - S5900°0* - S9°F - 8 - e9-H (av1) 2p1yding
. 0 2y 0- T 80100+ L'Z. ye .| _29-H Lo 7
;A 10°0% €0'0+ 200+ . - 16000707 - 6'F - ‘8% €, 9-H :
$$0- €2 0+ P10+ 61L00°0-" ST [ 9,9-H
, - — — : T
p1°0- . O0L°0- AN dzzo- 0+ £ 5L A WL1-TH o
: - pue . - - T - . — . v .
80'0-_ - Lb'0+ . -Z°0+ - £9¥T0°0+ 8'¢ - of - | .t1-'H .mlyuu q
. . AR _ v/Z) opTIXOUdIng
A 8¢ "0~ 82°0- p8pPI0- 0+ 1 8'T ‘£8 - ¢
"0- : . ——— - .
o2 wm.o- - 10°0- 1070~ . . 6S00670+ = SL'E. 95 . NEIEE .Aﬂ
4 v0'@+ - 0170+ 900+ g1sbo-0- 1y zy EQ-H (q1
. . (qr1) epTyding .
, .0 oc'Q+ __ TZ'0+ -~ 82110°0- 9°¢ ZZ: 29-H 1
A 2070+ -~ 9070 _b0'0- 80Z00" o+, . LW . 0L e,9-H
A _ber 0= gg'0- - o0z-0- __~ 91010°0¥ '€ 68 - - 8,9-H
. S . el RS B UOT1BWIOISURIY AY3
psqo®’ 72?7 zreil¥V A R +wmv 6 | uc3okd 103} SUOTIBINDTED -

* - - . e

- - o . Acqv v::omcou Topou 3Y3 pue

(qrz7) pur (ezD) sopixeydins Sa ut vcos 0« S 30 53 Jmmq JuTUa9Idg 103 SUOTITIRITE] Hﬁo::ouur .

'

-,

T amEvl L .




. \
[+.o] IS
9 :
> .\ -
i .d
- . - . - i ’ 4
: .@ouumvmumwwmzﬁm> asoyy YITm uawazaide aatzElTIEND 9TQEUOSEDI MOYS
cHE 03 PoIapISUOd asoyl aIlg () SaNTBA PIYIAYD *¢z1 o8ed woxy uajel Sre mm=Am>.vmno@q
. . . _ ‘ RA AR a
HmmmOumA 1 =40 a1 () uoTienba Jo 1o01del o1a3ewoad ayl sauasaxdax 4’9 # +XtoAtr3dedsax ‘v 1°0%
‘ pue mm“‘ou.uwnﬂusvoumup alom Y DUE & JO S3NTBA "SISpOU UIIFFIP OM3 uo sjuswoansesw o2yl 3o
. ueaw oyl siussardax snrea YIEs ‘gTopou Surpralg woxJ A[3IIDITP polnseall alem Y pue .0 30 sanyep |
P, Ve Sy'0- LT 0= LOVT070+ -, 8'C. 18 | L tH (9<) avmwo:&sm
p Lvi0--  0S70- Cost0f . eosEoior . LT 18 | e-H (s€) opyyding
) S . g . uotjeWIOISUBRIY BYI
psqo® 2oz 99 zeer SV 4D Y . 3epte u0101d 103 SUOTIETDTED
x ] o

(panuT3ued) T J18VL




~ .' . - . ‘ ) . ] . . . -. . 129
- * . - " . - ) ’) .

thc‘sulphoxide actually experience considerable shielding, which counter- 2
acts the dcshielding‘expecfed as a result of the syn-axial S - 0 bond.

This "lone-palr cffcct” is andlogous to. that observed for the n1ttowun -t

i
lone-pair of Piperidines and quinOIiZIdlnes(bS 138)

v ‘, 33
.1t is now acueptcd(lg“’lob 137, %fq)

that for protons on caxhon
ddidutnt to the bulphox1de group the scrcenlnb cnv1ronment aqboL1atcd with
_thg dnlSOtrOplc functlon is more compllgatcd than the s1mplc aPPIOKLMJCIUn
" to an dCCtYlCnlC bond. |

It wab p0931ble to identify the protons H\-17 and’ HB—17 of the

'sulphlde 14b (Tablc 9 ) althoubh they c0u1d not be dlffcrcntlated per se.
rhuke protons were also 1dent1f1ed in the sulphoxlde 27 and, it was appa1-
ent that one of thcse protons [as;umed to be HB—17 of 274) suffcr% : f
¢coasiderable desh1e1d1ng in the sulphox1de and it is blthflcant thnt the

McConnell calculation for this proton predlcts_thekkime rebult

Solvent- Sh1ft Studies

(140

Alonatlc solvent -induced shifts (ASIS) ?'providc further

L\lanLc uhlch is conqibtent w1th structuro 27a for HOOtthhlnuphdrldan

I

; 141
suiphoxide. Tt has<been cxpcrimentally well CStdbllSth( ) _that aroz

matic systems like henzehe are capable of_to—ord1nat1ng at clectron

deficient sites in a bOlUtC molecule, Thﬁs_ solute protons Situated"inﬂl
thé vicinity‘of a polar.group, prov1d1ng bUCh an clcctron deficient bltL,
should e KerlchL larbc bcreunlng effcctq as a rusult of the an1~ot1op\ of
the assoc1ated aromatlc sybtem Lcdall (14 2) ha: proposed a common modcl
fo1 the benzene solute complex which prcsumes that the dlpolc axis of

Ithe polar functional group in the solute molecule is locatcd along the :
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i

sixfold:axis aof symmetry of the benzene system with the positive end of

the polar function nearest and the negative cnd farthest away;' The
model has been used with considerable suceess to.confirm the confipur- ¥
+ . . .
7 77 : .
- ations of the. sulphoxldes -of pen1c1111nq[1'0'13“), and‘7-methy1—

' tholane (13 l,dnd to. assign Lhcmlcal shlfts to protons of tetrdh)dro-

(121)

thiophenc—5—0x1do The model prcdlCtS that the benzone solvcnt

) !
molccule w111 approach thc Structurc 27a from thc lowcr front side as

shown in-Figurc }6. The geomctry of thls complex, together w1th the

anisotropy associated with aromatic systems, necessitates that the

-

protons H-6¢, Hy-17, Hy-17", and l-l-s'c'shéuxd be shiclded, whercas the

-_other protons in the: solute molecule be only marginally affc;tod

u

A

Alternatlvely for the structurc 27h tho dlrectlon of benzene
cooploxatlon should be from the oppo%lte side of the solut mOlckulL,
Lonsequently it 15 an:ic1pated that H-6'e, H 8e, H —17"ond H -17 mlqht
cxpericncefstrong shlnldlng effects in benzene 501ut10n (reldtlve to
LoCly). For largc solute molcculcs w1th more than one. polar site, suchs

|

as the thlosplran alkalolds >tudled here sever al bltCS for o= ordlnﬁtlon
to so;vent molecules aro_pos:}blc » Thus bcnzcne solvent Shlft values
‘(As;s. valuoSi fcoorded in Tablc 9 are the summatioo‘of sOlvent shlft
-conﬁributioos rcsulting from co- ordlnatlon of bolvent‘molccuICS‘nt duch
'polar Slfc hlthln the solu%e mochulc ' (onsoqucntly, benzene- 1ndULcd
solvent shift valucs for the dlffcrent protons rcsultlng from co- ordina-
tion of benzene with the S + 0 bond only, may ho better dppﬂoxlmdtcd by
subtractlng the various A_ ;. valucs recorded {Table 9 } for the wulphox—'

Cide 27 frbm tho A. values recorded in the samc table for the corrus-
— ) - 5.5.

ponding! sulphide 14b. Since both the‘sulphoxldc and the sulphide possoss
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the same pdlar‘functional groups, with the exception of the S -~ 0 bond in

-the former,.the net shifts which result from this subtraction should be
t

the solvent shift values (Ivalues) which reflect complexation of benzune
to thg § + O bond.

The results .of these calculatlons drc summarlzcd in Table 11.

i

L\Jmlnatlon of this table shows that as expectcd H-6e, HA—17 and one of-

the pTOtOHb at C 17' (presumably H —17') are shielded by 0.2 > 0.3 p.p.m.
while the other protonq are only murglnally affccted » Although H- -8t was

not identified in the spectra, of neothloblnupharldlne it was d15cov¢red

that this proton in neoth10b1nuph4r1d1nc sulphoxlde absorbs at (.95 p.p.m.

)

in CgDg solution. Thus althOugh the completc solvcnt shift Lalculdt1ons
for H-B‘c”caunot be. made it scems probablc from ltb thh field appearance

vhat this prpton has also suffered shleldlng caused by bpcc1f1c bcntcnt

&

solvation of the S > O bond.

-

ic calculations concerntng spec1f1c benzeﬁc solvation are there-

torc consistent w1th structure 27a and not 27b for the sulphoxtde of

’ncothloblnupharldlnc._ It should be p01nted out, howcvcr, that ull the

available p.m.r. wvidence rests very heavily on the corfcct-assigﬁmcnt of

'thc_pfotoné‘ﬂ—ﬁle‘énd H766 of gz:' if these 3551gnments’arc subsequcntly
Y

Droven incorrect thlS would nccessar11y mean a reversal of the. Lontlgur-
) ]
T

‘ation from 27a to 27b

4 et A
The use of lanthanldc 1nduced ::hlfts(1 ’) in the p m.r. spectra

.

of the sulphoxlde was. contemplated at one’ p01nt Although the prodomln-

4

" ant site of co- ord1nat10n is expected to be the oxygen atom of the .S - o

honde;44) at seemed thqt the assignment of the proton% Of -a compllcated
molecule, such as 27 w1th many polar functions, might present a_lengthY

v
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and difficult problem.

“

The stcrcoselectlvc oxidation of ncothiobinupharidine (14b) | 1

It must be con51dercd 51gn1f1caot that the oxidatioo‘of-ncothto—
binupharidine with -peracetic acid gave one maJor product (cxcludlnt1 -
recovered subotrato) ohich,is identicol with the natural sulphoxldo gl'
and) has bcco assigned_thé'configuration gii' .

. .
. . . v

Rcmarkablo stereoseloctivity in sulphoxidc formation from

(120, 139 145- 14#) (145 )

sulphldeb is not, uncommon Johnson and McCants

have put forward throe proposéls to account for the distribution of

1meCTq obtalned dpon oxidising a cyclic sulphldc to its correspondtng
suiphox1dc. First, the conditions omployod may be such that thc products
- formed initialty.hay undergo cqu1llbratlon so that the flndl 1somcr
.dlstrlbutlon is. Lovcrncd by ”thermodynamlcfprodUct control" ' Secondly

the product dlstrlbutlon may be controlled by compctltlve ottack SLrom a

. _uterlcally favoured sxdc as opposcd to a storlcally hlndcrcd side

(”ﬂtcrlc approach control"). Thirdly, an cnergctlc con51qcratlon - termed

"product development control", whlch 1mp11es that the same factors’
.« influencing the btablllty of thc flnal products are oporational_tn the

transition stato {though not.ncoessar1ly to the saﬁc extent) and that
) *
these products, once formed are not further cqu111b1dtcd

The 5tereosclect1v1ty obberved durlng thc ox1dntlon of neothio-

binupharidine may be cxplalncd if any one or all three.of these factors

*In the case of'the.penici111ns, the ovcrrldlnb_factors appear to be
thermodynamic product control and product development control owing to

the formation of an intermolecular hydrogen bohd to thc oxidising agent
during the reaction and an intramolecular hydrogen bond to the qulphOﬁ%?e )
oxygen. of the product this has been termed "reagent approach control -

-



nucleophilic attack of the sulphur atom on the hydroxyl oxygen

“close proxlmlty lurthermore the hydroxyl oxyhcn of the pbrﬁle which

134

are in operation. Configuration 27a is very probahly/thcrmodynamicully
more stable thdn 27b, as in theé latter, a considerable repulsive inteructiqn
may cxist between the 7 clectron density associated with the S -+ 0 bond

{polarised towards the electronegative oxygen atom) and the¢ lone pair of

-

clectrons on N-5 and the = system of furan attached to C-4.. No similar
. ~ . - . ' . T ..
1ntc14ct10n exists. in 77a B o - .- .
The accepted mcchan1sm for 0x1dat10n of sulph1deb by a pcrac1d is
(120 145)

N : o - .
~ O S e 5 orco
8*Cl)_ (ﬁ.s I R/ \\O ChO

El
. .

From con51derdt10nb of steric hlndrance it appears more. likely that

T
appruauh of the peracetlc acid molecule is less hlndcred from that side.

of lab whlch results in formatlon of 27a as opposed to approach from th1t
sldL which would reSult in 27b (Figure 16). * This 1s,bbgaqbe of the-
proximity of the Rifuryl group on C- 4 and because the ﬁitréﬁen is~proton-
ntcd,under thcsc conditioks and thereforc has .an accnmpdnyLng anion’ in

B

Lvantually bECOmLS the sulphoxldc oxygen atom,Jmust bq%p051t1vely polar-

ised and thus approach to the positively chargcd “Jtro,eﬂ_ﬂfs is not

LI

favoured. - ' : ' ' oo
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whqtnver*the reasons for the stereoselect1v1ty observed in th

oxidation, it is apparunt that the predOmlnant 5u}phox1de is. remarkably

[ deUlC. Sulphoxldeb are susccptlblc to stcreomutatton(148}' thuq

2

Ldtlnb to 196-220° or treatment with ac1d usually results in inversion v

-‘jt the-sulphur atom (racemlsatlon of Lnantlomerlc bUlphDdeCSLand

) (148)

cpimerisation of dlastcruomers) Neothlqblnupharldlnc sulphoxide,

-

- however, may be sublrmed at tempuratures as hlgh as- 240°, and is also

_recovered unchangcd after trcatment w1th aCCtlb acxd Furthurmore it

wis apparent that durlnb the preparatlon of the sulphox1do very little
- L

competitive second ox1dat10n stage had occurred, thereby convcxtlnb the

sulnhoxlde 1nto “the sulphone even though suff1c1ent pcracctlc ag1d wis

16
prcscnt. Usually this further ox1dat10ﬂ cannot be avmded(1 )

These obse¢rvations strongly suggest that therc is ;ons1derahl;

spposition to introduction Of qn oxygen into, that steric env1ronmcnt which
I .
hOUld be encountcred in conflguratlon 27b. It-has been. proposed(

thdt aCld 1nduced inversion of a sulphoxide is sensitive tg.stcrlu

‘requircments as it .involves an increase in the cp-ordination nupber of

'ﬁﬁlphur (from three to four) in the rate detcrmining step..

Kl

1

3]
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sUCGLSTIONS FOR ,FURTHER WORK y - . : ‘ )

’ .

" Steric course of borodeuterlde reductions of. hemiaminals of thloblnupha11d1ne

L

“Puring the ruductlon of hemiaminals of thloblnupharldlnL in

: | alcohol1c solutlon thd&tran51ent ex1stence of an 1ntermed1atc dlkoxy-
| ’ -
‘ horodeuterlde spcc1es has been proposed Furthermore, it has-bcgn Co .

suggestéd that this species will h4v0‘diffcfent steric and clectronic
rnqulrcments deandlng on the nature of thc ‘solvent. cheral cxpcrihents

to test thesc hypothuses have already bcen outlined (page 107)

; © Unamblguous assignment of chemical shift Values to H 6e and i- 6'e of

neothloblnupharldlne sulphox1dc 1

The conflguration 27a was 3551gned to.the sulphoxide'of

. nuothtoblnupharldlne on the: ba51s of proton magnctlc resananLL btudlt%

This conclusion relied heav;ly on the assumption that the chemical

I

shifts of the protons li-6e and H-6'e of the’ sulphoxlde had. been as51gned
correctly. Unfortunately it was not possible to confirm these assign-
Jnents using n.0.e. studies, as novs1gna1 cnhancement wa:‘obqerved
It is- concelvable that the chemlcal shifts of 1-6c and fi- 6'e of
27 may gé con%lrmcd by a study of the natural abundance 13¢ nom.r.
:spcctrum of this compound. Similar studies on the qulpho<1deb of .
,penhc1111ns have met with success(l49): Thc.quaternary carbons C-7 and’
c-7" should be relatively eablly d}ifercntlated from other carbons in
<. the moleculc by comparlng the continuous wave decoupled (C. W 1. ) and noisec
' dec0up1ed ™. D) 13¢C n.m.r.'spcctra.of 27. As C-7 is a to thu S+ 0

group its chcmlcal shi ft should be considqrably dowqfield.from thaF 9f

[héyft-T‘. Simllarly it should be p0551b1e tomationalise the effect of
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thc'sulphnxidc group B to C-6 and vy to C-6', thereby differentiating

hctwccn thcse two carbon atoms of 27

lt it docs not prove: p0551b10 to d;ffercntlate bctwcen C-6 and
¢-6' through a Lomparlson of their. chemlcal ShlftS it may be possible
to do so by dctermlnlng the 'magnitudes of the 13c-1y coupllngb These

(150)

may bc_estimatcd'u51ng th¢ additivity rclationships of Malinowski

. Sincc Jen is'dcpgndcn; on]thc‘percentagc's'chafacter at the carbon
(151]’ thC'magnitude of J in the

palt1c1pat1ng in thc C-iL bond C-H

SulphotldL 27 wxll be dependent upon the nature of the substituents

attached to each carbon (the B substltutlon pattcrn is dlfferent for
C-6 and C-6'}. The values of JC-H may be calculated using cmp1r1cally

" derived 5ubstitucqt:contributionsclszl. An example of thiS type OF

L . : o . A, 149
_-calculation has been reported for the sulphoxides of pen;c1111ns( )

a

Proviying that the chcmical shiffs of C:6 and C-6' mdy be unequ;vocally

it follows that the protons H-6e and H-6'e may also be s0

“‘through salectlvq heteronuclc;r spin- 5p1n decagupling.

Fortuna ely the 51gna}s arlhlng from !i-6e and H-6'e arc well. separated .
in the p.m.r. schtrum of 27 (Flgures 14 and 15) thus no experimental
ldifficultics‘shogld:bc encountered when apqulng double.1r1ad1at10n

. techniques.




EXPERIMENTAL

Appdratus, Mothods and Matcrlals

Mass spcctra were determlnod on a C.LE. C ?1 1108 doublo-

J . . .
d

,focu51ng mass spectrometer Samples were 1ntroduced through a leCCt

o

inlet system Relatave.lnton51ty data were obta1ned from low_rcsolut-;'

ion’ mass spcctra reéordod under standard cond1t1ons at an ionising
.-r ‘ -
voltage of 70 cV a trap current of 140 WA, a” source temperatire of

200°C (unlcss otherwise statod), and a source prossure of 1 - 2 x 1076

ENNE . . .

torr. '

Low resolutlon nass- spectra are plottod in terms of rclatlvefz,
intensity with the most intense peak (base pcak) taken as 100o
Deuterium coptents were determined in the follow1ng manner.‘ /

The molecular ion region.from M-3 to M+3 of the spectrum was scanned

‘

several times using soveral‘magnetlc swoep veloc1t1es The Avorabe

peak hc1ghts were then determlned for the labelled and unlabelled-

+

compdunds and the deuterlum content calculated by the method of

(153),

Biemann

Thc hlgh rcsolutron ‘mass spectr1 (h T.m.S. ) were recorded on

AY

I1ford Q-2 photographlc platos using perfluoroke1osenc as an internal
marker. The plates were developed in the usual ‘manner wh11e flush1ng

the development tank'uﬁth a slow fime-stream of nitrogen bubbles to

> ~

cnsure mixingtlsql The spectra were thenrrecorded.on magnetic tape,

-using a Gaertner comparator-densitometer linked to a Datex system.

W

r
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Thcy wcrc.then prOLCSGCd on ‘a CoC- 64Q0 computcr u51ng a mod1frcd vcrsLon

of thc HIRFS 3 program of Tunnicliff- and Wadsworﬂ#lss) The compo-

sitions of all ions formcd by electron lmpact“and dISLU%SCd in thig

.

© thesis wuru establlshed by high rcsolutlon measurcmcnts and agreed ith

the calculated valueb w1th1n the 11m1tb t.5 mllllmass units.
*The carly p:m;r. spcctra'were rccordcd at 100 Mz usrng the

'fruquancy ;weep modb of a Vdrlan 11A-100 spectromctgr Samplgs were

ulSSOlVCd 1n CDC13 usxng added T. M S as 1nterna1 locklng signal. |

‘prctr¢ were rccordedrat 37 C Lhemlcal bhlfts were detuxmlncd using

a V4315 frgqucncy counter lncorporqtcd in the 1nstrument Double '

”jrradiation was 3ch1eved by cmploylng ‘a Hewlett- Packard 701L audio-

fener rator at the,d051red frcquency The majorltu of the p.m.r. specpru

were recordcd at 720 Miiz on a Varlan 220 HR spectrometer’ ‘using the.
fleld 5wecp mode | ‘A1l spcgtra wWeTe recorded at- -ambient temperaturc
dmpluﬁ were dlssolvcd in CDClg, C5D5 or CCly as requ1red using T.M.S

a5 internal standardr Chcmlcal shlfts are reported relatlvc to T.M.$

.
= 0.06, Typlcally a %weep ‘width correspondlng to 2500 Hz ‘was meloyed{:
brt swécp widths .of 1000 500 and 350 liz werc somet1mes uscd th deter-
mine coupling constants ﬁymbols s, d) t, g, my o, BT, and k¥ refer,

:. to singlet, doqblet trlplct qudrtet ‘multlplct narrow,'broad and
width at half height, rcspectivgly. Spln deooupllng by double irradia-
tiop yrs.achicyed'using.a,similar‘tcchnlque to that cmployud for thc
100 MHz speclra ,; . T : ‘" ) - }

In order to obtaxn accuratc 1ntegrat10ns the spcctra of the -

dcutLrated products were recorded at 220 MHz using the time qvcrabxng

computation technique (CA1) accupﬁlatcd ovcr 32 scanb The spectra
. . ) ) . |
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. ﬂ ) r " . ) 'C ] . 3 ._ '
.« were then trqnsferred to chart paper and 1ntegrated electronrcally Thc_

-~

c 51gnals were dlSO compared b$ ‘the method of ”Cuttlng out

\D.

areas under th

‘

and wc1gh1ng The 51gnal used as a standard 1ntegral for onc proton ‘was.

" the low. fleld half of the AB quartet arlslng from the th1omethylcnc group

=+

.

n was corrclatcd wlth the quartet (?H) arlslng from the

»protons H—4a and H- 4'a (Flgures 9 and lo) ' I )

v uhlcn in tur

Infrarcdrsﬁectra were recorded oq a Perkln Elmer. 5’1 spectrometc

Q

Typically, samples of free deCS were made up “at a concentrqtlon'of 0. USM -
quallty carbon tetrachlorldc or dlchloromethane sing cellsi‘

-

in Spectro
‘ Perchloratc salts were made

with KBr wLndows and a path lenﬂth of 0.5 mm.

up as KBr dists prepared in the.usual mannen and the-spectra were recorded,

against air as the'reforence side., :
Ultravlolet spectra were recorded on a Cary 14 spectrometer at a s

onCcntrdtron of 1-2 mllllmoleéflltre, using ! cm or 0. 1 em quarbz'cells as .

dppropzlate, and 95 ethanol or 5pectroquallty'methanol as solvent.
of

)y A
Optlcal rotatlon measurements ‘were carrled out at 22°C u51ng a

lelgcr and Watts standard polarlmeter equlpped w1th a cell w1th a path

. ) ) .

Lo

.1ength ‘of 2 decdimetres.

o I . . ] . .
Melting points were-determined’on a Kofler mlcro—hot—stage‘endﬁ

A ] ) ' - . . . 'ar'- fa
JrC uncorrcctcd ' " ;
" | ' T
a Fhln layer chromatograms were pcrformed under standard conditions, -

ated on glass plates,

\

unless otherwise stated, u51n5 0.5 mm silica gel co

anllable from Brlnkman Instrum Splvent used: for

ents, Roxdale Ontarro
dLvelopment in these cases was hexane benzene acetone ‘lzﬁzlj' Qevelop- .

ment was carried out ‘under condltlons of . tank saturatlon iﬂla YCSéCl
f . (156)
25 em x-20 cm x 7 cm The spray reagent was. Dragcndorf ?GHSCFF :

o - . . . .
. . o’

.' ' e : E L . ' . » N .
oo ° K » ! ~ \
. : . .‘
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.

Column chrOmatography_was performed using neutral alumina, Brockman

. { : )
Activity 1, 80-200 mesh, available from Fischer Scientific, adjusted

to glve the requ1red actlvlty(157 ,158)

Vapour phase chromatography was performed u51ng a Varian-

. Aerograph series 200 instrument equ1pped with stainless stecl columns

analyses Laboratory, Toronto,'Ontario, ‘Canada.

: ! . o : _
and flame ionisation detectors; _Column lengths and stationary .phases .

-

' arc as uescrlbed in the experlments concerned.

Sodlum borodeuterlde dy was purchased from Stohler Isot0pe
Chemicals,.and wa;\éertified 99% D.“It-was stored in its ‘container .

under vacuum over kOH as deszccant o . W

v

The elemental ‘analyses’ were performed by A,B. Gygli, Micro-

r

Prellmrnary 1solatron of.alkaloids. from Nuphar luteun

This work was carrled ‘out in the laboratory of Profeqso1

J T. hrobel at the Un1vers1ty of. Warsaw Poland

‘The crude baseb extracted from the rhlzome< of N. luteum were

ddsorbed ‘on neutral alumlna {Act III) and the column eluted proq1ess-<

£
1vc1y w:th benzene ethcr, chloroform and methanol.

. 1
The chloroform fragtion was rechromatoEraphed on i cellulose

“column u51ng a c1tratc acetate buféer of pH 4. O and l butanol. The

" crude haqes 26, 27 and 16 were obta1ned in thlS way . 1ho hemlnmlnals

26 and 16 were scparated from f7 and precipitated as the1r d:per-‘ '

_chlorates. Alkalo1d 27 was . 1solated as a crude colourless 5011d

The methanol fractlonffrom the 1n1t1a1 separat1on was

: \ |
Suhjocted to a 50 transfer counter current- distribution using 1-butanol
- “ - . . .

* ~ . . - . .
Full details of the iseolation. procedure will be published elsewhere.

of - . ra
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and a citfaﬁe-phosphote atffcf'(pﬂ- 4.0).'.Fractions 25-35 were
comﬁined ‘the basic fraction recovérc&land subjected to chromatography
on 5111ca gel with chloroform acetoné.= 1:1. The hiddle fractions worc
_Lomblned and evaporat1on of the solvent ied to Trecovery of crude :
Inupharolut1ne 18 - _ : : | ' 7 ;

| : Authentlc samples of (+)- nuphar1d1ne (-)- dooxynupharidinc
purchlorate (-)-7- cpldeoxynupharldlne perchlorate‘ (+)- th10b1nuph1r1d1ne
.and (= J ncoth10b1nuphar1d1ne were supplied by Prof. J T. hrobcl und a -

SJmple of castoramlne hydrochlorldc(36) was, gratefully recelvod from

Prof. Z. Valcnta of the Un1vcr51ty of New Brunswlck

-

R

'Pfeparation.of'Castoramine[lg)for m%s;\Speofrometric study

lhe free bose castoramlnc w%s prepared by trcatment of the -
hydr0chlor1de salt w1th 20% aqueous ammonla followed ‘by cxtractlon with
olchloromethane. The extracts werc comb1ncd drled over anhydrous

Vazbog, and evaporated to yield a colourless solid reﬁlduc m.p. 65 66°

which, was used WlthOUt furthe1 pur1f1cat1\“‘fof'1he mass spcctromotrlc

study- ' ' _ _ e "

M.s. m/e?(Rel. int. %) 250 (5), 249 MY (30), 234 (D), 220 (9),
s 219 (16), 218 (10), 217 (4), 206 (9}, 194 (5}, 193 (3.8), 192 (3),
190, (4), 182 (2), 178 (6), 177 (53, 176 (4), 104 (8), 162 (4), 149 (8),
-*_148 (6),. 136 (50), 114 (956), (11), 107 (14), 96 (7), 95 (14), 94 (100,

82 (23), 81 (23), 79 (17), 55 (29}, 41 (43).
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Mass -spectrometric study of (+)-Nupharidine (11;-m.p. 218°:220° * s

The sample was_e;amined'as-rqccived without further purific-’
. N - ) : ';
ation. .

M.s. n/e (Rel. int. 53 249 M (11), 232 (6), 220 (8), 190 (1) L
180 (1), 168.(1.5), 166 (2), 154 (3),.141 (11), 136 (7), 11s (8),,
114lg100),;113 (2),-107 (3), 98 (15),794 (9), 810 (7}, 55 (10), 41 (117,

. : : Lo CL
- Preparation of (—L—Deoxynupharidinc (2c) for spcctrbscopic-study

”

An authentlc sample of - dcoxynupharldlne pcrchlq;aﬁc m.p. 238°-
243° decomp. (22 mg) was dlS%olvcd in 20 ml of 20% aqu00us ammonla and
" stirred for 30 mlnutes. Thc aqueous ‘solution. was cxtractdd with CH L]?

(5 x 10 ml), the extracts werc combined, dried over anhydrous Na,SOy,

flltezcd and ‘the 501vent removed under reduced pressure (40 bath).

\' Thd resultdnt colourless Olly residue was adsorbed on- to 4 g of ﬂCUlel

-4

alunlna (Act I1) and eluted. w1th 50 ml of S% ethcr in hex1nc anpox-,

ation of the solvcnt led to recovery of deoxynupharldlnc (2¢) (14 5 mb; .

945,

- . - . s . N

5.6 Hz, 3H, C- 1 LH30)

H

pum.r. 220 Miz (cocly): 6 0.89 (d, J.

< ' o

{ . .
7.0 Hz, 3H, C-7-Cisa) 1.80 (q, J-= 11.5 and 2.5 iz, 11, H- ba)
. Ly , :

0.99 (d, J°
2.65 (q, J = 11.5 and 2.0 Hz, 1M, H-6e) 2.92 (q, J = 7.5 ang'oﬁs iz, 1,
‘H-4a)- 6.37 (nwtﬁ.\Wﬁ ; 3 lz, 1H, furan B—H)_7ié4 and17;31'(hw.m‘s.

Wy = 3 Hz, 1n'c§ch, furan. a-H). | .

pon.r. 220 Miz (CgDg): 5 0.81 (d, J = 6.0 Hz, 3, C-1-Clige}

: i ‘ .
~1.10 (d, J = 7.0 iz, 34, C-7- CH3a) 1.78 (q;w»J = 11.5 and 3.0 Hz, lH, li-ta) .
2.76 (g, J = 11;5 and 2.5 Hz, 1H, H-6e) 2.81 (g, J = 11. 0 and 3. .0 n ,l,

H-4a) 6.38 (nw.m. Wy = 3 Hz, 11, furan g-H) 7.14 (nw.m. furan B-1ly.
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=

Irradiation at 1.78¢ collapses quartet at 2.76 into broad

9

singlet. -

‘M.s. m/c (Rel. ’int. %) 234 (7), 233 M (41), 235 az. 5), 218 t4),
216 (1), 205 (1.5), 204 (9), 191 (3. .Y, 190 (13}, 1787 (6), 177 3.5),

176 (5, 166 (3), 163 (2.5);.162 (6. 5) 149,(2), 148 (6), 138 (2),

137 (7), 136 (35), 1 f (2), 134 (2), 126 (2, 125 53, 124 (4.5),

1ﬁ1 (4.5), 108 (4), 107 (63-‘99'17}~m98_(100), 97 (24), 96 4y, 95 (6);

' _J4‘(59), 9;_[3,51, 91 (2.5), 81 (1;),_79 (7),\55 (20), 53.(7), 41 (17),

39 (9).
. -
Preparation of ( )-7- epldeoxynupharldlne Q_)for spectroscoplc qtud} : .@

S

‘ An authcntlc sample of ( ) 7- epldeoxynupharldlne pcrchlordte
'(1b mgy, m. p 737 241 dccomp , was b351f1ed and worked up as in the
l'prOLcdure abovc ylclaggé (- ) -7- ep1dcoxynuphar1d1ne Ul)(’S mg, 90%).
p.m.r. 220 Miz (CDC13): ¢ 0.74 (d, J = o. 5 n:, 3H, 'C-7-Cl 56)

" 0.91 (d, J = 6.0 Hz, 3l, C- 1 CHae) 2.82 (d of q, J = 11.5 and 5.5 and

e

.5 Hz, 1H, H—6e).2.90 tq, J = 10.5 and‘S.S iz, 1, H-4a)

6.45 (nw ﬁ w& 3 Wz, in; furan B-H) 7.27 and 7.37 (nwﬁm:s.’wg = 3"&:,

1t each, furan asH), .- | ’ - ;“ ‘ "‘ : ‘ L (A.
p.m.T. zzd MHz (CeDg): © 0.68 (d, J = 6.5 Hz, 3H, C-7-Ciize)

0.83 (d, J = 6.0 ilz, 3iI, C- 1-Gilge) 1.29 (¢, (1:2:1)5 J = 100 4z and

11.0 diz, 1, H-6a) 1.64 (complex mult. H1-7a + ll-3¢ + H-8e) -

.77 (d of mult., J = 11.0 and 3.5 liz, distinguishablcl H-3a)

—

2.83 (q, J'='11.0 and 3.5 Hz, lii,7T-4a) 3.03 (d of q, J = 11.0 and 3.5 7

“and 2.0 Hz, 1M, H-6¢).

4
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Irradiation at 0.685. induced changes in the region 1.645.

Irradiation at 1.644 colliapsed doublet at 0.685 into singlet;j

also collapsod quartct at 2.836 into doublet (J = ll;O‘Hz);'also'

-

"collapSGd doublet of quartdt at 3. 036't0 doublet (J = 11.0 HL)

[ !

lnradiafio?,at 1. 776 collapscd qpartct at 2. 836 to a doublet
(J = 3.5 Hz ). 'i T '.1

lrradlatlon at 2 836 collapsed the ll 0 Hz coupllng ln'qlbnal
at 1.776. ' . |

Irradlatlon at l 296 cob&apsed doublet of quartet at 3.038

tu multlplet with coupllngs 2.0 and 3.5, Hz rccoLnlaable -

-Irradiation- at 3. 036 collapsed 1:2:1 triplet at 1. 795 toa'l:l

_‘_doublct;(J = 11.0 Hz).

—

JPurlfloatlon of (- ) - nupharolutlne (18J T R

The crude 5011d basc was recrystalllsed from methanol- ~acetone

'f&:l)'Yielaing colourless ‘needles (30 mg), m.p. 96° -98°; [o]D = -105°

(LHqu) ¢ = 10.84 mg/ml.
Ana]ybls Calculated for C15H23N02 (Mol. wt. 249.173):

¢, 72.3; i, 9.3; N, 5.6. Found: [249.173 (h.T.m.s.)]: C, 72.4;

11,79.5; N, 5.9.

2800 and 2760 cm ! (Bohlmann bands) .

i.r. (CCl,) 3485 cm™! (bonded on) and 3615 em ! ( roqiil),
3H

p.m.T. 100 Miz (cnc13): 6 0.88 (d, J = 5.6 Hz, _Cll- LH3)

1.22 (s, 311, C(OM)CH3) "2.66 (q, = 11.5 and 2.0 Hz, 1H, H-oe) B

3.0 (q, J = 8.3 and 6.0, 1H, H-4a) 6.34" (.., IH, furan 8-H)

4

7.25 plus 7.34.(nw!m., ,-fqran'a-ﬂ).
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_ ' p.m.r. 220 Milz (CCLy): 5 0.90 (d J = 6.5 Hz, 35;'cﬁ-cu3),
113 (s, C(OH)CHaJ 2.54 (q, J = 11.0 and 2.5 Hz, 14, H-6e) -
297 (a, J = 8.5 and 5:0 Hz, 1li, H-4a) e.zs (w.m., W = 4 Hz; 1H,
; furan éFH) 7.16 (nwﬁmg, Wy =.3er; lH, furan eAH) 7.20 (n¥.m., W& = 3 Hz,
'lH; feran u—H) | ” | h | |
M.s. m/e (Re; int. %) 250 (8), 549 (43), 234 (10), 220 (11,
218 (2), 207 (3, 206 (15), 204 (2), 194 (7), 193‘(4) 192 (4), 191 (3), -
182 (55, 178+ (39), 176 (5), 164 (12), 163 (49 162 (5),‘143 ),
141 '(7), 136 (82), 115 (9), 114 (100), 113 (19),7107 (243, 9-(24), o

9% (12), 94 (87), 93 (7), 91 (6), 81 (22), 79 (16}, 55 (17) 53 (11),

43 (23), 41 (22), 39 (14).

Preparatlon of 7- chlorodeoxynupharldLne (19)

i Vupharolutlne (10 mg] was treated with 1 ml of a solutlon.of 3
P0C13 in dny pyr1d1ne (1:4) and the solutlon allowed to stand at 0° for
24 hrs with occa51ona1 shak1ng The resultant 11ght brown solutlon was
added to ice water (5 ml), baslﬁled by addltlon of 1M NaOH and extracted
with LHngZ (4 x 10 m1): The extract was drled over anhydrous sodlum
3 - i
- sulphate and evaporated to dryness under reduced pressure The residue
Was separated 1nto WO cdmponents (Rf 0. 60 and 0. 45) ona t. 1 c. plate
(0.5 mm 5111ca gel) using benzene -acetone = 3:1 as developer, The majer
compehent (Rf 0. 60) was, recovered by extraction of éhe silica gel with .

' mcthylene chloride u51ng a small scaleSoxhlet apparatus; yleld 3.7 mg ' »

‘of 7-ch£%rodeoxynuphar;@1ne.
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. M.s. m/e (Rel. int. %) 269 (9), 267 (28), 254 (1), 2583 (1},
252 (2), 240 (1), 239 (1 5), 238 (3), 2;3 (11) 232 (52), _31 (131
?76 (3), 224 (9)- 18 (5), 214 (2), 212 (6}, 204 (7), 176 (4}, 149 (13),

137 (17), 136 (96), 134 (23),A132 (65), 131 (4)5 107 (11), 95 (13),
\

94 (100), 81 (12), 79 (9), 55 (5), 53 (2) [

Reductioh of 7-chifrodeoxynupharidine to deoxynupharidine (2)
v ‘ . -

7—ohlorodeoxynupharidine (3.4 mg) was dissolved inlabsoiute

_?:/ Lthanol (10 ml) and to the. solutlon 50 mg of solld kOH and 25 mg of
JOﬁ Pd on CaCO3 were added. The suspen51on was. shaken w1th hydroLLn
I at 45 p.s.i.g.: for 30 minutos.' The reductlon mixture was.neutrallsed
with Lthdnollc HCl and the catalyst separatcd by f11trat10n and washed .
with CH2C12 ‘The ethanollc and d;chloromethane solutions were ;omb;ned'
and "evaporated to drynoss_undor redoced pressure;‘ The residue was
.seoorated by ﬁ.l,é. (silica:gol, 0.5 mﬁ) into a.major oomponono
“ L {Rf =-0.25)‘and.a mino;jcomponont"(Rf 7 0.45 oot'furthergexamioqd] with'
chlofpform;acetone - §:4. The band,.Rf =,0.25; was removed from the )
p1a£¢ anddoxiractod with‘CHZCIé yielding a coloorless'oroduct (2 mg)
which had tho oame Rf Valuo oﬁ't;l.cf as an authentic gdmple of (-)-deoxy-

L 4

‘nupharidine 0 5 mm 5111ca gel (chloroform—acctone = 5:4)Rf = 0.25;

Q. 5 mn silica ng {chloroform acetone: d1qthylam1ne methanol = §:4:1:2) L
R = 0.41. The product had the same retention time as authentic deoxy-
nupharldlno on g. llL usiné twWo different columns. The columns used Forp
'(a] 5% SL30 on 60/80 Lhromosorb W (5 ft x 1/8 1nch column, L75°, 35

p.s.i.g. Hc), and (b) -20% DEGS on 60/80 Chromosorb W (S ft x 1/8 inch -

Columna.180°f 35~p.s.1.g. He). The mass . spectrum of the. p1oduct wWis

v
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identical with thaﬁ‘ﬁf quﬁﬁihéntic‘sample of dcoxynuﬁhnridiﬁc.

Thloblnupharldxneclgg) , |

Thc sample was: obtalned from Profcssor Wrobel as well- formud
hicroscop;c colourless crysta111ne'pr15ms, m.p. 129°-131°. T.l.¢

showed only one spot (standard system Rf = 0.51) therefor® the, sample
_ Tet
.. _

was examined without further purification. [u]é2 = +8° (CH30H) N

¢ = 16 mgfmi. U.v. (neutral and ac1d1c 95% EtOH) end absorptlon only.,

i.r. (CClq) 3.59 to 3. 88 (Bohlmann bands), 6.66 and 11.45

(fufan); and unass1gned>gbsorpt10n at 6.88, 6;91, 6.96, 7.23, 7.26,

s

7.65; 7.76, 8.63, 8.78, 8.89, 9.05, 9.36, 9.65, 9.74 .

p.mff. 220 MHz (CDCl3): $_ 0.9 92 (d J = 5.6 Hz, 6H, 2 x CH-Cii3)
1. 45 (d, supcrimposed-bn'envelope, J = 11.5:H,, H-6"a) 1.72 (d,
supurlmposed on envelope, J = ! 1135 Hz, H-Ga)~1é90'(A§q, JAB = ;4 Hz,
2if, C-7-CHz-C-7') 2.33 (ABq,r B = = 11.5 Hz, 2H, CH3-S-) 2.81 (q,

J = 11.5 and.2 Hz, 14, -H-6e) 2 94 (q, superlmposed on complex multlplet

~J =11.5 and 5 Uz, H—ﬁ'e) 6,39,(nw.m;, Wi =6 Hz,VZHl furan B-HJ ;
7.25 + f.ss (41 furan a-H). . ' | - f:
Irradlatlon at 2 945 collapses the doublet at. 1. 456 1nto a
-~ singlet. Irradiation at 1. 45§ collapses 51gnal at "2, 946 into a b:oqd
singlet. |
lrradiation at 1.724& collapség ségnal h; 2.818 inté‘a'proud.
‘singlet., irradiétion at 2.818 collapses doublet at 1,726 into a

u

singlet.
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, | L . .
p.m.T: 220°MHz (CgDg): 6 0.78 (d, Cli-Clly, J = 5.6 1lz),

0.81 (d, J

= 6.0 Hz, CliCHg, w;th 0 78 = 6H) 1.40 (d, J = 11.5 fz, 126" a)
1.92 (d, J-= 11,5 Hz, 1H, H-6a) 2.18 (ABq, JAB = 14.0 Hz, 2M, c7-én2-c7‘1
2.31 (ABg, J,p = 11.5 Mz, 2H, CHp-8):2.80 (g, J = 10.5 and 3.5 Hz, 21,

H-4a + H-4'a) 3.11 (q, J = 11.5 and 2 Ha, 1H,'H—6e) 3.17‘(q, j= 115
. aqd.Z.S Hz, 1h,-H;6'e)‘6.42_(nw.m.; 2H, furan 8-H1 7.14 (nw.m.,-gH,_
furan o-1). . S

. Irradiation at 1.926 ;ollapsed the quartet'af 3.118 into a ﬁroad

"singlet but the quartet at 3. 176 was unaffcctcd irradiation at 1.408

_collapsed the.quartct at 3. 176 1nto a broad singlet but thc quartet ‘at

3. 116 waa unaffected {Figure’ 13) .

‘h.l. m/e’ (Rel. int. %) 495 (10.3), 494 (30), 493 (5}6), 479 (0,3§,
465 (0. 75), 461 (2.0), 451 (0.5), 447 (L. 6), 127 (1.1), 413 (0.5), '
" 360 (2:0), 359 (8.5), 358 (1.9), 357 (2.1), 264 (1. ), 247 (1. 3),
231 (10), 230 (35), 180 (10), 179 (12), 178 (100), 136 (11.5), 107 (73),

94 (40).

&cothloblnupharldlne(ldb}

The‘sample was obtalned from Professor Wrobel as well—formcd

mlcroscoplc colourless crystalllne needles, m.p. 159°-160°.- T.l.c.

showed only one spot (standard system Rf = 0.63); therefore the sample

was examined without further purification. U.v. (ncutral and acidic

methanol) end dbSOTptlon only.

i.r. (CCly) 3.39 - 3. 88 intense (Bohlmann bands); 6.67 and

11.45 (furan) and una551gned absorptlons at’ 6 96, 7.22,.7.27, 7. 37,

. 7.66;, 7.74,.7.83 8.64, 8. 89 9.09, 9.40, 9 54 9,75 and 10.40 u.
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F A

p.m.r.'zzo Milz (CDCl4): & 0.87 {d, J'= 5.5 Hz, 6H, 2 x CH-CHy)

1245 (ABq, v,.and vy = 1.22 and 1.27, . =)14.0 Hz, C-7-CHp-C-7') v

1.60 (d superlmposed on envelope, J = 11. 5 Hz, H-6a} 1.68 d, super-

, imposed on envclope, = 11.5 Hz, H- 6'a) 2.67 (q, J = 11 5'and 2.0 iz,

11, H-6e) 2.69‘(5; ZH. -CHZ -5) 2 94 (q, super1mposed on complex multlplct
. due to H-4a and H-4'a, J = 11.5 and 2.0 Hz, H-6'e) 6. 34 (nw.m., Ws = 3 Hz,

1il; furan #-H) 6.52 (nw.m., Wy = 3 Hz, IH, furan 8-H) 7.23 (nw.m.,

Wy = 3 Hz, 1M, furan a-H) 7. 32 (nw.m.,- Wy = 3 Hz,' 3H, furan a-h).

4

Irradiation at 2.948 collapses doublet at 1. 686 into broad sing- ;
,lct with doublet at 1.608 unaffected Irradlatlon at 2.675 eollapses

doublet at 1. 605 into_broad 51ng1et w1th doublet at 1.688 unaffected

’

p.m.T. 220 MHz (cens).. 6 0.75 (d, J = 5.6 Hz, 6H, 2 & cu{cu3)

1:215 (ABq, v, and v, = 1.19 and 1.24, 3, ='14;o Hz, C-7-CHp-C=7')

1.55(d, sUperimpoeed on envelope Jo= 11, S Hz, H- 6a) 1.71 (d super-

»

~ imposed on envelope, J = 11.5 Hz, H-6'a).2.75-(q, = 9.5 and 5.0 Hz, 1lH,

li-3a or H-4'a) 2.84 (ABq, Va ='2.79, ”B = 2.89, J,p = 11.5 Hz, 2H, -CHy=5) .

2.88 (q, %uperlmposed on another quartet J = 11'5 and 2.0 Hz, H—6e)

9.5 and 5. 0 ‘Hz, together with.2.88, 24, H 4a or H-4' a)

-

n

2.09 (q5 J

1

11.5 and 2.0 Hz,-1H, H-6'e) 6.31 (nw.m., Wy = 3 Hz, 1u,
’ . ' I
furan 8-1) 6.74 (nw.m., Ws = 3 Hz, 1H, furan 8-H) 7.15 (mw.m., Ws =5 bz,

521 (g, J
i, furan o-H) 7 36 (nw m., W% 3 Hz, furan a-H).
Irradmtmn at 2.88¢ collapses doublet at '1.556 to broad singlet ‘
. #ith doublet. at 1.716 unaffected.. Irradiation at 3 216 collapses doublet '
at 1.716 to broad.singlet with doublet at 1.558& unaffected

M.s, m/e {Rel 1nt %) 495 (10.2), 494 M' (78), 493 (S),

479 (0.35), 465 0.9), 461 (2.7), 451 (0. 6), 447 (2, 8), 427 1. 3, o
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a3 (0. 6], 360 (2.8), 359 (10.5), 353 (3.0), 357 (3.7), 332 (1.s),
320 (1, 325 (0.7), 316 (1.2), 303 (1.2), 302 (1.1), 264 (1.6),

263 (1.3), 262 (1. 2), 180 (16), 179 (14), 178 (100), 176° (4), 162 (3),
148 (3;, 136 (9.5), 107 (20), 94 (JS), 81 (13), 79 (13), 55 (47,

55 (3), 41 (4), 39 (3) ST -

Prcparatlon of Thloblnupharldlne Dlhydrobromlde Dihydrate- for X-ray ~tud\

An. authentlc sample of thloblnupharldlne(lac)(SO mg) was
dis#olvcd in methanol with heating and a‘l:1 mixture of~methan01 and
concentrated hydrobromlc acid was ddded dropw1se untll a pH of 3 was

reached. The flne colourless needles that separated on coollng W

recrystalliscd from a l:ltmlxture of acetpne and water, The tr»stalc
' : ‘ _,’\5*/” .
vcltcd at 245°- “47 : - : '

Analy51s Calculated for c30thnzozs 2HBT. 2u20 c, §2.02;

H, 6.92; N, 4.04; Br, 23.09. Found: C, 52.06; H, 6.85; N, 4. 08;

»

Br, 23.11. p

Conversion of the hydrobggmide'to fthe free base was achieved

by treatment of an aqueous solution'of the salt with 20% aqueous

bsequent wurk-

dnmonla follo&ed by extraction with dlchloromethane

up in the usual way gave a colourless solid which phen recrvqtdlllstd

from meéthanol-acétone at -5°% gave off-white needles, m.p. 129°—130 .

~

Mixed m. p 'hlth an authentlc samplc of th1ob1nuphari ine showed no

derOSSion in mcltlng point.. M- (h.:.m.s._494 .297) Calcd. for

C39Hy pN2025: 494,296, .
| £ -thiobinupharidine dihyqubromide '

-

‘Details of the X-ray study ©

dihydratc’héve been published(lsg):
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Prcparatlon of Thlonupharol1ne(26)from 1ts Perchlorate'

A 50 mg sample of thlonupharollne d1perchlorate m.p. 172°-174°

{sec below) was treated with_lO ml of 20%,ammonla-and stirréd for thirty=
_\'..—‘ . . )
minutes. ~ The resultant oil was extracted with CH2Cl; (5 x 10 ml1). The

extracts were combined, dried over anhydrous sodium sulphate, .and

evaporated under reduced pressure to leave a colourless glass on the :

¢ R . ) -

inside of the vcssel The yield was 34.6 mg of freé'base which wus.

purlfled by chromatOgraphy from neutral alumlna (Act II 2 g) usmng

*

20% ethcr in hexane as eluant. Thlonupharollne 26 (34 mg) was -

obtalned as a glass and showed one spot. on t.l.c. Rf = 0. 36 <
analysis: (8)calcd. for C30HyaN2035 (Mol. wt. 510 291). Found’
[510.290 (h r.m.s.)]. U,v. (95% htOH neutral), end absorptlon only;
u.v. (95% EtOH, acidic) Amﬁxl 208 nm (e 20,0002, maxé 293 nmy(e =
2540) . " L
i.f. (CH2C12) 2. 80 (OH), (weak), 3.59 (Bohlmann band wcak},_

LY

" .65 and 11,45 (furan) and unassigned bandsat 6. 90, 7.26,.8.66, 9.08,

9. 46 9.67, 9.74 u. ) |
p.m.1t. 220 MHz (cnc13) & 0.88 (d, J = 5 Hz, 6, 2 x CHgH3j
2.20 (ABq, AB = 12 Hz, 2H, CHp-S) 2.26 (OH exchangeable on addltlon of
0,0} 2-89.(q, J ='5.6 and 8 iz, 1H, H-4'a) 2.92 (q, J = 11. 5 and 2 {
14, H-ezc) 3.70 (q, J = 7. 5 and 7.Hz,,1H - 4a)3 97 (s AH, H-6, \
' sharpcnb on addition of D20) 6.34 (nw. m., i = 7 Hz, 2H, furan’ 8 H) %%;

7.21 (nw.m., lff, furan a-H) 7.30 (nw.m., Wi = 4 Hz, 3H, furan a-H).
4 N

ﬁ.m.r. 220 MHz (CgDg): & 0.75 (two superimposed double;:

- 12 Hz, 2H, CHp-S)
. . { ’

= 6 Hz, 6H, 2 x CHCH3), 2.11 (ABq, Jup
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3.18 (q, J

Cil-da) 4.

492 (72},

4;1 (1.5), 425 (1), 3

M.s.

481 11y, 477 (2)

_7
5 (s
6.41 furan 8-H)

e

42 (o cxchangedblc Wlth D,;0) 2

3¢

it, H-6) 6.41 (nw.m

. int. %

397 (1 57,

Thlonupharollne (”1 6.mg, 0 0

MeOH and treated with

removed under rcducad prcssure 1cav1ng

cr}stalllne SOlld

,1cetonc to cffec

43
(weak Bohlmann band); 6 03, and 6.06 (C = NS )

Treatment of

) p.m}r.

-

and mass spectra

Recrystalllzatlo

424 mM) waq dlsqolved in 5 ml

2 23 mi of 0.019 M HCIOM (0 0424 WM)
solutfon was warmed for a few~

475 (0.8),

4

79 (q, J =

. 1H, H-4'a)
A - '
2.5 and 12 Hz, 1H, n-efeg 3.90 (q, J = 4 and 10 H

furan 8-H) 6.48 (nw.m., 21
16 (nwim., 3, furan a-i) 7.2

(230°) m/c (Rel

)

, 176-(54), 136 (12)

Honoperchlorate-of Thionupharollnc

464 (4), 459 (3), 445 (0)

383 (i),'375'g3)_‘359 (2), 357 Gy,
504 (4), 262 (5); 246 (5), 244 (4),.25iJ(74),.-oO (100), 220°(28)
228 (45), 215 (93, 178 (’5)

= 3 .and 11 Hz,

-

=, 1H,

, w_ith
2 (nw.m.; ;H,'furqﬁ a-ii)
510 M- (15);° 494 (19), 93 (317,

, 107 (26), 94 (50)

.

"

The

. r
mlnu;es on a stcam bath and thc Holxcnt

+

:6.66 and 11.45

[fur.m) .
the nonoperchloratc with aqueous ammohla led to
rccoycry of the frcc base thionupharollno

27 mg of colourless “Semi -

n from ether contaiming’ aufti~1ént

t 'solution’ gave 25 mg éolourless prlsmatlc ncedl
Thlonupharollne monopcrchlordtc, m.p. " 240°

L

asy]
, 1.1, (LBr leC] 3.0

-

7]
[

charautcrl.cd b\ its

L9
L
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'Lﬁpcrchlordté of Thionupharoline
. " X T T i

. Huthod 1.

Thlonupharoline ‘5.1 mg (0’01 mM) was dlssolVed in-1 ml oi : L

0 3
— .

’Jnhydrous cthanol and treatcd w1th ¥ ml 0. 02 M (

acid. Anhydrous
to ;rVStalllgc
washLd bévegel t
(KB dlsc) 6.0%
uansorpt1ons were

. HLthdﬁ‘”

¢

cther (5 ml) was added’ and the

1mes Wlth anhydrous ether m p

(>C V<), 6 45 and® 11 46 (furan

rcsent at 6 88 6. 95 7 06 7.

- . v
- » . .
‘ “ -
’ - '
. P .

S
-

Thlonupharollne S 1 mg (0 01 mM) was tre

T

. of G 0z V (0 02 mM) pcrchlorlc ac1d and a few ml

to ensure that all the glassy base ‘was 1n'contac

1Y

écid squtlon

under reduced pressurc (50 C bath), an

-

After 30 mlnutes the solutlon wa
{

~

minimum of b0111ng anhydrous mcthqnol Aftcr st

-

cr)stalllzatlon

anivdr0uq mcthanol leajlng 4 .mg of colourle

T,

had occurred T e crystals were.

[y

‘f=often1ng), 267 °.269°% (maln mcltlng), “70 ~(all

v

{ducompObltlon)

K mlktUﬂE n.p. (50 50 mlxturc)

dlpcrchloxate of G»hydroxyth1ob1nuphar1d1nc obta

o ")
R.T. LaLoﬂde, A(m.p. 2585 softens) 2933 256 5° 1

(decomposrtlon)

showed no dcpressxon in meltlng

. i1 154

0. 07 mM) pcfrn.hlbbk

bolutlon was set a\ldL

The crystalb, wcll formed prlsms were f;ltcred and

172° -174 'i'.r.*‘-

] Other un3551gncd

~4 7. 32 7. S 7.84,

C .
ated direttlv with 1 ml

of Water were added-

t- w1th the perthlorlu

s evaporatcd to drvnew:

d the r051due was dlssolvcd in a -

4

orage ‘at -5° for, 2 dJdys

washqd tw1cc hlth

hS_ﬁCCdeb, m.p. 260° -265°

liquid), hiah A
with a admplc of thc
1ncd from Profcssox

1qufdl 776

p01nt .
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| : - x
(KBr dlsc) 6.03 and 6.06 (>C = N <), 6.66 -and 11. 47 (fur1n),
8.1 to ‘b 2 (c1ou ) and una551gned absorptlon at 3 27 6 85, 6. 89, 6. 96,
7.08, 7.21, 7.25, 7. 47 7.2, 7.85, 10.38, 10,67, 10,76, 12.55, 13.05 u._ 
\ ~The i.T. bpectrum was 1dent1ca1 with thc i. r. spectrum of thc

~

‘sample of the d1perchlorate of 6 hydroxythloblnupharldlne

Reduction of Thionﬁphafolinc(ggjwith Sodium Borohydridc

‘rThionuﬁhdrolinc (10 mg)'was dissolvéd‘in 2 mlfof absoiuté o

ethanol and - treated with 100 mg of RaBHy. Further portions of 25 mg .

cach of NaBti,, wcri‘addcd four tlmes over the course of 74 hourb Thc

qlurry'thus obta1ncd was stlrred occaslonally. The mlxturc hcs then

“'dllutcd with water and extracted with CH2C12 (3 x 10 ml) The cxtracts
"ﬂtre combxnca drled over anhydrous sodlum sulphate filtered and |
‘evaporated under rcduced pressure A colourless re51due rcsulted wi
.hab adsorbed onto a narrow column of alumlna (neunral Act 11, /}ﬁ ).
:The columi was then ‘eluted succe551ve1y Wlth (1) 50 ml n- heane dhd

(11) :O ml 10% dnhydrous cther 1n n hexanc Fhe latter solvcnt clutcd
22°

thloblnupharldlnc (13¢ ) (6 mg) from. the column [a]D ‘*;tf (MCE?}_"“' ' 
¢'= 6 mg/ml; i,7. (CCLy)s pom.T. (220 Wiz, COC1 and. CoDe)s M5 -

identical With the spectra of an.authentlc samplc of laq_

(4

Reduction of Thionupharoline with‘Sodiuh Borpdcuteridc

Thlonupharollne (20 6. mg) ‘was dlssolved in 2 ml of absolute

ctﬁanol and’ treated wlth 100 mg of sodlum boxodeuterlde A‘further
100 mg'wcro addcd 1n 4 portlons of 25 mg each over a pcrlod of 24 hours.

Thc slurry’was ‘stirred occ351ona11y and kept at room tempcrature

¢
i
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H
\fter th15 time the reactlon was wvrked up in the ‘same manner as'for the.

borohydride reduction. The resultant colourless re51due was adsorbcd
LN

onito a narrow’ column of neutral alumina (Act II, 3 g). Thls was elutcd

<

- "

! with (i) SQ ml of n-hexane, (11} 50 ml 10% cthcr in n- hexane, (111) 50

nf'zo%,cther in'nthexane,'(iv) 50-m1 50% ethgr in n-hexane and.(v)‘SO
‘ m1_1009 cther. These ciuants were examined by t.l.cl-and M.S.
Lluant [1) gave no product elunnp éii) gave pnre monodeutero-
. th1ob1nuphar1d1ne @g)M 495 (Rf 0 51 y&eld éwmg), eluant (iii)‘gnvu
predomingntly the mono ethyl ether of thlonupharollnc (2 mg), RE = 0.42}

M.S., M+ 538, 1ntense ion at, 222 along. w1th traces of slawer and fastel

. \

moving compénents, eluants (1v) and (v} gave unreacted thlonupharollnu

“G(Smg),Rf 036 T IR N

!

The th;oblnupharldlnc 6d(31) had 2% dy, 94% di, and 4%'62 By_

nass epectrometr) 2
.

p;m.r 220 Mhz (CDC13] 6 £.92 (d, J = 5.6 Hz, 6H, 2 X CHCH#}

1 4o (d J= 11. 5 Hg\ H- 6'a) 1.70 (br. s supcrlmposed on envelopu, t- ba)
. . .

1:99 [ABq, Jap © 14 Hz, 2ZH, C 7- CH2 -C- 7') 2.33 (ABq, JAB 11 5 H_, ZH-
{lHp-8) 2.79 (d, J = 2 fiz, 0. 6H, H- 6e) 2. 93 (q, J = 11.5 and H-, H-o! e

supcrlmposed on multlplct ass1gned to li-da and i- 4'&) 6.39 (nw.m.,

, W= 7 Hz, 2H, furdn R-H) 7.25 and 7. 39 (nw.m., 4H, furan .x-H). There

‘was a sllght duuterlum 1sotopc shlfg/Ln 51gnals at 1, 70 and 2,798,
p.m.r. 220 an (ceoa) § 0.78 (d, J = 5.6 Mz, CH- u;a), o .
5-%11 (d, :J'.'= 6.0 Hz, CH- CH3, with 0 78, en) . 40 td J = 11.5.Hz, Ll b a] ‘

- L. b:s'(s 0.35 H, H-6a)-2.18 '(AB\q, JAB - 14.0 Hz, 2H,C-7-CHp-C- 7')

2,31 (ABq, i = 11.5 Hz, 2, CHp-S) 2.80. (q,.J.= 10.5 and 3.5 Hz, 2H,
- L] . ! ) : "
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\C4'a and H-4a) 3.10 (broadened singlet, 0.65H; -6e) 3.18 [q: J = 11.5
nd 2 1z, 10, H-6'¢) 6.42 (nw.m., 2H, furan -1), 7.14 (nw.m., 4H, .
furan a-i) . | o | -
M.s. m/e (Rel. int. %) 496 (26], 495 (72, 494 (13 5), .
180 (0.5), 466 (1.1), 462 (3), 452 (0.7), 448 (2.7), 428 (1.5),
414 (0.7), 361 (5), 360 (17.5), 359 (4.5), 358 (4.5), 265 (1.0,
264 (1.3), 247.5 (2.6), 252 (10), 231 (33), 230 (28, 180 (15),

17é (100), 178 :(9.5), 136,(8.5);~107 (18),-94 (28). -/
| [ | . .

H,6'- D1hydroxyth1ob1nupharldlne(__)from its Dlperchlorate

~

" The d1perchlorate of 6, 6 dlhydroxythloblnupharldlne (35 mg),

m.p. 225°—227°(76), was stirred with 15 ml of 20% ammonia for 30

ﬁlinutesd “The resultant oily base was'e;tracted_w1th CH,Cly (5.x 10 ml}).

. These extracts were combined, drled-over anhydrous sodium sulphate,’

hY

flltered and evaporated ‘to glve a glassy re51duq, (22 hg). This -was
hdsorbed on 4 g of neutral alumlna (Act II) and eluted with 100 ml of

_ 20% ether in benzene to glve 17 3 mg of 6 6 - dlhydroxythloblnupharldlne

° 3

16, RE = 0.18. [a]2F = +80° (CH Cly), ¢'= 17.3 mg/ml. U.y.: A
—_ ' [ D ) . 2 - max .

(neutral 95% EtQH) 208 an, € 12,000; . (acidic- .95% EtOH), A 5 208 nm, §

max)

“,a = 16,120; 2. 204 mm, e,=¢1”390 I.r. (CCl,) 2.75 nw. and 2.83 br.
2 o

(OH). no Bohlmann band at 3. 59; 6 66 and 11.45 u (furan)
oo b.m.r, 220 MHz (cnc13) & 0.91 (d, 3= 6.0 Hz,' CH-CH3)

0.93 (d J = 6.5 Hz, Ci-CHs, w1th 0.91, 6H) 1.85 (ABq, J “:114{5 Hz,
C-7- cn2 -C- 7') 2.33. (br S.,. exchangeable wlth 0,0, OH) 2. 44 (ABq, J =' .
T2 e, 2M, CHap- -S) 3.58 (q. 6 and 8 Hz, 1H, H- 4va) 3.75 (@, J = 7

and 7.5 Hz, 1H, H-4a) 3.98 (s,_. ,-H—6) 4.24 (s, 1H, H-6").

. -
f . [ . -
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6,35 (Aw.m., Wk = 7.Hz, 2H, furan B-H)‘z.zs.(nw.m., Wi = 5 Hz, 2H,
furan a- H) 7. 35 and 7.37 (nw.m., Wi = 3Hz,‘2H, fupén,a-H): .

"p}m.r 220 Mz (C5D6 + D0): §°0.77 (d, J = 6.0 Hz, Engﬂg)
0.80 (d, J = 6.S‘Hz,.CH-EE§, with 6.77 = 6H) 2.11 (ABq,.JAB = fﬁ;s Hz, "
2, c17-tu2-c-7'j 2.46 (ABq, JAé'= Lz‘qi, 2M, CHp-S) 3:41 (a, J7= 3.5,
“and 10.5 iiz, IH, H- ava) 3.86 (q, J = 4 and 10 Hz, I, H-42) .
q.-s (s, 1H, H-6 ) 4.35 (so H- 6' ) 6.37 (s, Wk =3 Hz, 1H,'fu;aﬁ

CB-li) 6.45 (s, Wi

3 Hz,';H,_furan;B-H) 7.13 (nw.m., Wy = 3 Hz, furan
a-H) 7 29 (s, 5 Hz, furan a- -H). |

p ) o
M S (230 ) m/e (Rel int: %) 526 (<0.1), 509 (2.5), 508 (7),

u’

507 (2 5), 494 (0. 3),.493 (0. 3), 492 (o 3), 491 (0. 2), 490 (0. 2),x
80 (0.7), 479 (0.5), 375 (1.5), 46F (0.5), (447 (2.5), 446 (5), 445 (2,
371 (3) 302 (1), 262 (1), 261 (1), 248 (7), 4<\t¢1~~412()), 230 '(100),

229 (1 ), 228 (1.1), 216 (1.5), 178 (0.7), 176 Ll}, 136 .(1), 107 (5),

94 (7) ’ o - . [

'Rcdugtion of 6,6'- d1hydroxyth1ob1nuphar1d1ne(16)w1th Sodium Borohydrlde

6,6"- dlhydrOxythlob1nuphar1d1ne(__)[100 mg) was dlssolved in
10 -ml methanol and treated w1th 100 mg sodium borohydrlde ?he glurry
wasleft to stand for 16 hours, evaporated to dryness and 5 ml of water

was added. Thc aqueous solutlon was extracted ‘with ether: The ethergal

extracts were drled ouerranhydrous potassium carbonate_and evapo;ated

*

to dryness glv1ng 80 mg of crude reduetlon product 'The_produét'ﬁés

t
v

adsorbed onto neutral alumlna (Act v, 5 g) and elutcd with 100 ml of-

-t

benzene to. give thloblnupharldlne(13c)(53 mg) whlch was recrystalllzed

from: methanol acetone (1<1) at —5 ‘m.p. 129 —1SQ . [a]D = +8° (MeOH),

TR PR f-n-..- -
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¢ = 12 mg/ml; p.m.x.. (220 MHz2CDCly)- identical with the spectrum of an

authentic sample of 13c.

‘Reduction of 6,6'- dlhydroxyth1ob1nuphar1d1ne 16)with éodlum BOTOdCUtCTldG '

6,6"- dlhydroxyth}oblnupharldlne(16](17 mg) was dlhsolved in 2 ml

'absolute ethanol and t:fated with 100 mg 'sodium borodeuteride. A

furthcr 4 portlons of 75 mg each of borodeuteride weTU—addedhouﬂw-ﬁ-

‘period of 24 hrs. . Th slurry was stirred occa51onally at room tempel—-

ature for thls pcrlod then - workcd up in the usual manner to give '

14.5 mg of a colourl $s glass T.l.c. showed three spots, Rf = 0.50

h

‘r1ntensc), Rfl 0.27 - 0. 42 (1ntense), and Rf = 0.15 (trace), prcsgmed

. to bc starting matarlal The product was dlSSOlVEd in"'n- hetane -

contalnlng thc mlnqum amount of ether to complete dlssolutlon and

1h15 adsorbed onto a Narrow column of neutral alumlna (Act II 1.5 ).

1he coiumn was/cl ted Wlth (1) 50 ml n-hexane, (11) 50 ml Sn othuL in

| hexane, (iii) a urthcr 50 ml 5% ether in hexane (1v) 50 ml ’5» ether

"in nﬁhexane (v} 50 ml 500 ether in’ n- hexane All sampleg.werq

analyscd by t. llc ) S ’ - S~

Lluant (i) gavc 4. 5 mg -of thloblnupharldlnc 6,6'-dy, 32, ‘purc

by t.l.c.,‘Rf = 0.5. Eluant (ii) gavc a wcak spot _(R: (Rf JELR 5) 1nd

intensc spot w1th Rf = o 25 -_o 40. Eluants liii) and (1v) ‘gave
1ntansu spotq hlth Rf = 0.26 - 0 42 *Eluqnt (v) showed traces of

ﬁtartxng material at Rf = 0 16 Eluants (ll), (111) and (1V) were

hed

ualumlna [Act II) uSIng‘hexane as‘solven; The column was eluted w1th

50 ml of n-hexanc to give Frattion (vi) (1.5 mg),. .100 ml of - 20% ethcr
: A L C '

"comblncd to give 9 mg whlch qu adserbed onto 4 further 2 g of ucutrnl .

S
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tl.;s,(n-e'a3 essentially disappeared):l.YO (br.s., Sﬁperimposéd on

enveldpe, H-6a) 1.90 (ABq, J,, = 14 Hz, 21, c-7-cH2-c-7W) 2.55 (ABq, .

- 160

- 1n hetanc to glvc Fractlon (v11) (6.6 mg), and flnally W1th 50 ml, of"

ether to give Fraction (v;ll) {}css than 1 mg). Fract1on (v11)

-'§Howed only one spot'oﬁ t.l.c., Rf = 0.34. (centre of spot). This was

r

the sample used for SpectroscoPi; analysis and deduced to be 6-hydrdiy--

thiobinupharidfnc-ﬁ‘—di,(éé); ’Fréctions (vi)_and.(viii).wcré not

RAR—

further cxamined.
4

Fruction ‘(i), Thiobinupharidine-6,6'-d, (32)

Mass épectrometric analysis gave the following: dg = 1%, .
dy = 1%, and d2 = 98%. =

p.m.r. 220 Miz (CDC13): & 0.92 (J = 5.6 Hz, 6H, 2 x CHCIly)
P

AB
Jyp = 11.5 Hz, 2H, -GHp-S8) 2.79 (d, J = 2 Hz, ~0.GH, H- -6c)-
2.85 - 3.0 (cqmﬁlex,m.lﬁot Qcillresolveq, ca..S-prétdns H-d4a + H-4'a

. H—6'ej'6.39 (nw.m., Wy = 7 Hz, 21, furaﬁ B-H]-7;25‘¥‘7;33'(nw.m.,
44, furan qnﬂ). .

‘pum.T. 220 Miz (CGDGJ § 0.78 (d, J = 5.6 liz, cn-cn3)-'

0.81 (d, J = 6 0, Hz, CH- CH3, 6H w1th 0.78) 1.40 (H 6'a, essentially

disappeared) 1.93 (s, 0. 4H, M- Ga) 2.18 (ABy, . AB = 14.0 Hz, 2H,

C-7-Cliy~0-7') 2 .31 (ABq, A = M5 Hz, 2H, CHy- -5) 2.80 (q, J = 10.5

and 3.5'nz,lzn H-4'a + li-4a) 3 10 (poor&y reqolved doublc { =2 H;,

0.6H, H- bc) 3.16 (poorly resolved doublet J. =2 Hz, 1u£ H-6'e)..

. /e (Rel. int. %) 497 (17), 496 (47), 495, (Q), 481 (o a),

467 (O 9), 463 (1 9), 4Sa (0. S), 449 (1.6), 429 (1.1)," 415 (0. 45),.-

362 (3), 361 (14), 360 (3) 359 (3), 248 M- /2 (2 sy, 232 (10}, 231 (32),

Y
[
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230 (16), 181 (10), 180 (13.5), 179 (100), 178 (4 5), 136 (a), 107 (17 5),

94 (24).

Fraction (vii), 6-hydfoxythiobihupharidineeé'-d(§§9

Mass épcctrometric.analysis showcd‘29 dg and 98% d;.
'U.v{:‘ (95% EtOH neutral) cnd 1bsorpt10n only, (95% acidic-
EtOH) A_ ' 208 nm, & = 21,0007 X 289 nm, e.= 2640y '
maxy maxy
* The. dlperchlorate salt was - preparcd as for thlonupharollnc
L. #
(mcthod 2) and rccrystalllzcd from MeOH -at -5° C VL. - 260° (Sotth\]
206°52q9 (11qq1d), (decomposes) )
p.m.r. 220 Miz. (CDC13): GJQ 88 (d, J = 5.0 Hz, 6H, 2 X LnLn1)

2.21 (ABq, J,, = 12 Hz, 2H,'CH2—S),‘2.26.(5, I, exchangeable with D0,

AB
‘Oil)-2.90 (q, J = 5.6 and 8 Hz, H-4'a) 2.92 (br.s) superimposed on g at -

"

7.5 and 7 Hz, 1H, H-4a)

[3S]

.90, total-2H;‘H—6'c) 3.7%(q, J

(€3]

97 (s, 1u,}im 634(nwm "Wk = 7 Hz, 2H, furan B-H) 7.21 (nw.m..,

,1n, furan a-H) 7.30 (nw.m., W} = 2 Hz, 34, furan adii). ” f
p.m.r. 220 MHz (Cghg): & 0. 75 (two supcri?%oqud douhlcts

J = 6.0 Hz, 6ll, 2 x CHCH3) 2.11 (ABq, J,, = 12 Hz, 2H, CHp-S] -

AB
2.42 (hr.é., IH; exchangcable with. D0, OH) 2;75'(q; J = 5.5 and 0.5

Hz, 1HL_ﬁ-4'a) 3. 15 (d, J = 2.0 Hz, IH -n—e'c)'s,ss (q, J =.10 and 4 Hz,

[ #2]

14, fi-4a) 4_.2‘4'(5, 1, f- 6 ) 6.38 (nw. n., -ir‘= Hz, 1H, .f_ur':m‘ s-111
T 6.44 (nw.ﬁ., 1H, Wi = 3_Hz, furan'B-H) 7.13 tnw.m.,‘3H, furnn'g-H)
7.25 [ﬂw.ﬁl, Wy = 3 Hz, 1, furan.u—u). ,
M,s, (200°) m/c (Rél. in;.,%j 511 (72), 510 (9),,495 (123,
514 (52), 493 (9Q),f4827(6], 478 (4, 465'(7), 460 (4), 446. (6), 432 (2),
376 (22), 360 (10), 305 (11), 231 (52), 230 (100), 229 (2‘), 228 .(20),

W

!/
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179 (26), 178 (52)), 176 (30), 136 (20), '107.(37), 94 (48).

Reduction “of 6~ hydroxythloblnupharldlnc -6"'-d; (__) with sodium borohydrlde

6- hydroxythloblnupharldlne 6' -d; (33) (2" mg) was dlssolved 1n 1
ml abselute ethanol and treated with sod1um borohydr;de (50 ms). The
suspension was - 1eft to stand at room temperature for 96 hours with
‘iddltlon of a further 25 mg of borohydride every.24 hours ‘The. solvent
was removed under reduced pressure and the resultant re51duc was treated
© with 5 ml of‘water; The whole was extracted with Cl,Cla (5 x 57 ml).
«These e;tfacts were dried over anh?d;ous_NaZSQh and evaporated to lcave
2 yellowish 0il (v 1 mg). This was trahsferred'to ap.l.c. plate ;
.(0.5 mm slllca gel) whlch was develpped in the usual manner. ‘The-band
of Rf 0 50 (fully“reduced materlal) was removed and extracted with
LH2C12 This extract was then evaporated to. dryness and rechromato-
graphed on 2 ; of neutral alumina (Act II) and eluted with benzene

o

(aO ml). - Thls eluant gave thloblnupharldlne -6'-d; (34) (% 1 mg) s a

-

'tolourlcss glass which was examined by t.l.c. and M.S.
T.l.c.: Rf = 0.50 only, no trace of non- reduced substanccs ot
iowpr ﬁfivdlue.‘ Anaiy51s Calc for Ci3glly1N202SD (h r.m.s. 495. 303)
Found:  (495.301). Mass spectrometry showed 9% dg., 90 d1, 1% d».
‘M.s. mfc (Rel int. %) 496 (12.4), 205 MP (35), 494. (9:8),
480 (0.4}, 466 (1), 462 (2.2), 452 (0.7), 448 (2), 428 (1. s),.»hl ().
360 (9), 359 (3), 358 (2), 247.5 MT/2 (1. 5), 231 (28.5), 230 (41),

180 (5), 179 (23}, 178 (100), 148 (4 57, 136 (9 5), 107 (70), 94 (’b)

3 N

S



purification of Neothiobinupharidine sulphoxide (27) - ' g

bThe crude solid base (20 mg) from the initial isolation_procedure
was examined on<thc-usuai trl.cwsysten and showed an elonéareo spot
-(Rf = 0.15) with traces of slower noviné inpurities.' The elkaloid was
- adsvrbed onto 4 g of neutral alumina (Act IT) and eluted progressiveiyj
with (1)-75 ml benzene, (ii) 75 ml 10 chloroform in benzene, (iii) 75 ml
50n chloroform in benzene, {(iv) a further 75 ml 500 chloroform in benzene,
(v) 75 nl chloroform Fraction (111) gave a colourless semi- cr)etllllnc
product (18 mg) Rocrystalllzatlon without’ loss from anhydroub mcthdnol
at -10°C- gave colourless clusteérs of fine needles (18 mg), m .o._22l' 223%
‘Analysis: Calc. for C30Hu2N203S (Mol 510.291)“ C, 70.6; 1, 8.2;"
N, 5.5. Found: [510.286 (h.r.m.s.)]: c, 70.2; H, 8.3; N, 5.
14]22 /1174° (CHC13), c = 4.7 mg/ml. . U.v.: (neutral -and ac1d1c
methanol) end’ absorptlon only | |

i.r. (CCqu 3 60 to 3.91 1ntense (Bohlmann bands) 6.67 and 11.

(furan) 9.60 - 9.65 (: 7S 0) and unaSSLgned absorption at 6.96, 7.22,7.27,-

-

7.37, 7.66, 7.77, 8.65, 8.87, 9.10, 9.21, 9.43, 9.79 and 10.42u."
p.m.r. 220 MHz (CDCl3): & 0.86 (d, J = 6.0 Hz, CH-Ciig) 0.87 (d;
J = 6 Hz, CH-CHy, with 0,86, 6H) 1.30 (d, J = 14.0 Hz, one half of ABq of

C-7-CH,-G-7') 1.56 (d, superimposed on envelopé, J = 11.5 liz, i-6a)

1]

l.61 (d, super1mposed on envelope J = 13.0 Hz,.H—é'a) 1.94(d, J = 1{.0

11. 5 and 2.0 Hz, 1H,

v

Hz, one half of ABq of C- 7 Cliz-Ckl '} 2.67 (q,-.J
H:Ge) 2,80 (ABq, Vo and vg = 2.77 and 2._83,‘.1AB = 16.Q Hz, %H, -CﬂztgiF)f
2.89 (mult., 2, H-4a and H-4'a) 3.28 (q, J - 15.0 and 2.0 Hz, 1H, H-6'¢)’
6.55 (nw.m. | Wi = 3 Hz, i, furan B-H) 6. 43 (nw.m., W = 3 Hz, " 1it, furan

B-H). 7.22 + 7.29 +‘7.33 (nw.m's., W%i='3 Hz,_dH, furan a-H's).
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Irradiation at 2.676 celiepses douhiet.at 1.566 into broad sing-
let with the doublet at 1.618 unaffected.
~Irradiation at 3.28§ collapses doublet at 1.618 1nto broad sing-
et but doublet at 1.566 unaffected.
Irradiation at. 1:306 collapses doublet at 1.946 to singlet;
ifradiatiee at 1.948 collapses doublet-at 1.306 to Singlet. ‘
- p.m.r. 220 MHz (CgDg):' 6 0.72 (d, J = 5.0 Hz, cu-cha)gb.vs (.
4H£ 5.0 fz, Cl-CHj, with 0.72, 6H) 1.05 (4, J = 14.0 H, onbfhaif of Abq
of C-7- -CH,-C~7'} 1.38 (d, superlmposed on envelope- = ll 5 lz, H ba)
1. 50 (d, superlmposed on envelope = 13,0 Hz, H- G'a) 1. 94 (d J = i4h0
\Hh, one half of ABq of C 7-CHy- -C- 7') 2 61 (q, superlmposed on multlplc
J = 11.5 and 2.0 Hz, U- 6e] 2.66 (mult » H- 4a or H- 41a) 2, 77 (ABq, v\ and
vB'= 2.67 and 2.87,'JAB =15.0 Hz, 24, CHZ s' ). 2 83 (q, J = 10.5 and
35 Hz, 1, ti-4a or H-4'a) 3.64 (q, J = 13, 0 iz and 2.0 He, 1H, H-0'e)
qs‘ 6.17 (nw.m. wg =3 fz, 14, furan g-H) 6.70 gnw,m.j_W% = 3 Mz, 1H, furan
g - H) 7. 04 7.07, 7.18 and 7 Sl (nw.m's, W =.3.Hz, 1H éach, furan e—H‘s];

’Irrad1at1on at 2.616 collapses doublex at 1.386 to broad 51nglet .

Egth doublet at 1.508 unaffected

Irradlatlon at 5.648 collapses doublet at 1.506 to a broad ' 51n5—

let ‘with doublet at’ 1.38§ unaffected. :
. -
Irradlatlon at 1.058 collapses doublet at 1.946 into sanlet

_ 1rrad1atlon at_1.94¢ collppses doublet at 1.058 into singlet.

¥

Addltlon of 020 to either CDC13 solutlon or, CGDS solutlon has no
cffect on the appearance of the spectra.
‘M.s. (260°) m/e (Rel. int. %) . 511 (3 6), 510 (10), 495 (6. v)//’/

494 (21),-493 (52), 492 (3.5), 481 (o.z), 465 (0.15), 464 (0.22),

L
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qoj (0.25), 462 (0.2, 461 (0.5), 460 (oiss); 459 (0.9), 449 (0.35),

448 (1.0), 447 a1, 446 (0.4), 445 (0.9), 385 (0.3), 375 (o.s); 373 (0.3),
§59|(1.01, 358 (1.3), 357 (5), 325 (0.5), 311 (0.5), 302 (0.5), 230 (2)

24 (1), 263 (1), 262 (I75), 244 (2.5), 231 (20), 230 (100),%229 (6), -

228 (5.5), 216 (3.5), 214 (2), 202 (3, 0y, 200 (2.5), 178 (10), 176 (7),

62 (4.5), 149 (3), M8 (4), 136 (5. 5),.135 (4), 134 (4.5), 122 (5.5)5

121 (4), 120 -(4.5), 108 (8), 107 (23), 96 (10.5), 95 (13), 94 (871, )

93 (7.51, 91 (8), 81 (21), 79 (22), 55 (7), 53 (5). o

"Metastable peak" observed centred at m/e 477.% Calcilated for

{ ,
. m/e 510 Q—>5 m/e 493.
' ©, - OH: |

"% -2
n (493.283)

= “3ro.z91 . - V768 R ‘

" Conversion.of Neothloblnupharldlne (14b) to Neoth10b1nuphar1d1nc aulphoxlde L3 3

A solut1on of neoth10b1nuﬁhar1d1ne (14b) EllO mg) in glac1dl 1k0tlL
. b
acid (4 ml) was treated with 30“ hydrogen perox1de {54 mg) at 20° f_" l.

vir

hrs. Thc solutlon was poured into water {20 ml), made alkal1ne with
potaSSium-hydroxide and extracted repcatcdly w1th benzene. . Ev pOldthh
of the, bénzene. gave an off- whlte solid examlncd on t. 1 c.

i

of Rf = 0. 63, Rf = 0.26, and a third elongated 5pot_of Rf =

“obscrvcd togcthur w1th traces of slower mov1ng components,

soild was, dlssolvcd 1n a mlnlmum of benzcne adsorbcd onto a column of

- |
>

/L}S g of neutral alumlna (Act fI) and elutqd wlth (i) 200 ml benzcne (11)
l 200 ml 10%-chloroform‘1n benzene, (iii) 200 ml 50% chloroform in benzene,

(i&) a further 200 mi 50% chloroform in benzene, (v) lOO.mr chlorocform. ,

s
o
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' Fractions (i).and (ii) were combined, evaporated undcr reduced

prussurc and the rcqultant SOlld was dlssolved in, a m1n1mum of acetonc

and cooled to —10° for 24 hrs, resulting in crystallization of . '_ ;

ncothloblnupharldlne (22 mg), m.p. 159 -160° (colourlcss nccdlcs).’

Fraction (iii) gave a colourlcss olly product (ZQ mg ) not - further
examined. Fractién (iv) gave a'tryS;allinc fesiduc;on cﬁdﬁoration of
solvent, which/yﬁghrccrystallizcdAfrom anhydrous méthnnol at -10°,
vielding 68 my of colourl%ss need}cs, m.p. 221°-223°; This subsiangq_ -

- has spectroscopic propertiecs identical with the natural compound, and

. ) ‘ I ;
behaved identically on two t.l.c. systems gther than the standard

/ ) - /
1 . . J > ’

system. These were 0.2 mm alumina {chloroform:benzene = 1:1)} Rf =-U.12}
and 0.5 mm silica gel'£methandl:acetonezbénzené = 1:1:1) Rf = 0.75.
A mixed m.p. determination of the natural sulphoxide 27 and the

oxtdation product of ncothiobinupharidine showed no‘depressidn,in

melting point. Both the natural prodqg; and the UX1dat10n ploduLthf

‘0

ngoth1ob1nuphar1d1ne were TCLOVCTCd unchanged after sub11mat10n at 18t

-

(0.005 mm lig) (also at 240° under the ‘Same condltlons).

Conversion of Ncothiobinupharidine sulphoxide (27)to Neothiobinupharidine (14b)

h*]

A solution of 27 (4 mg) in ethyl acetate (4 ml) was treated with

PCly (3-4 drépsj-and the gxture was hecated under refluxgij:>}5;minutcs, .

peurvd-d ey icc~waf€¥565 ml3y and bﬂSified-QIthJaqucousjKOHL The orgasene-, -+ - ¢

layer was separated and the aqueous solution ‘extracted with CHClz.

(5 x 5 ml). The 6rganic extracts wcré.coﬁﬁﬁned' dried ovef-anhydrous
NaESOH, Elltered and evaporatcd under reduced pressurc;] The resultant .
rrystalllne residue was rqcr)stalllzed from a minifm of acetonc at -10°;

-

«
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vielding neothiobinupharidine (3 mg) identified by 'z_-l comphrison of its
. spectroscopic prdpertics, by a mixed melting point determination
(159°-160°) and t.l.c¢. comparison with an.authentic sampic ot Ldb. -
’ . . . - ) ¢ ’ T

T.l.c. 0.2.mm alumina (cther:n-hexane = 1:4) Rf = 0.23, 0.5 mm silica

s« . gel (stdndard system) Rf = 0.63,
- hY
‘ L) - -
“ 1 . &
L] )—
\ -
M =D - .
£, . | :
et / o~ o ,
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v
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n “The. qu1n01121d1ne alkaloxds dcoxynupharldln£ 2c, castoraanL 10,

- )

and.nuphar;d1ne‘Lb 1solated from prClCS of Nuphar luteum of POllbh

N . &

]

. origin, have been'examlned u51ng hlgh rcsolutlon'mass spectromatry.

Accurate masa mcasuremcnts thC demonstrated,that a Lharacterlstlc pattern .

» 1

of fragq#&tatlon upon LlectrEE 1mpact can be deflﬂ!d Conscquentl) it '

7
A

has proved poQ!lble to drffercntldte between rings A and B of the

quxnollzld;ne system as thc site of new substltucnts.‘ 1hq structufo of.

a new quinbli:idinc NuEhar'alkaloid ‘ﬁuphérolhtine'lsc, lias"been

eqrabltﬁhed ‘on the ba515 of | h r m.s. and p m.T. data

‘- The stcr001somer1c relatlonthp between thloblnupharldlne logr

e

¢nd{neoth10b1nuphar1d1ng 14b. has been re- examlned using spchrObcoplc‘

.techniques. The- three- dlmcns;onal structure propOSed for thloblnuphar—‘

idine. has becn confirnmed by an X—ray study which has also cstphlished the
Sl ” \ . s I ' .

'absoiutc coﬁfiguration of ﬁhis alkdloid, e ' T
: . _ . . L

j._ ic p m.r. ﬁpectra -of 13c and l4b recorded at'ZéO'MHz, have
d {»/ﬁ

bcrn c\qmlned 1n some deta'l Attcmpts-lave becn madc ta observe H%LICJT

‘ \
} Ovurhduscr‘efTects in the p”m Tr. spcc a of thcsc alk3101ds but these m“vo
X ! ' s - Ky
. . . . |
ygov;d pnauc;eaeful However rt‘has been-p0551ble-to 3551gn chemical ke

- o -
e

Jhlftb to many of the protona of thcse th105p1ran alk3101ds

P ~
. - ’ . Y

. ur~;;;'. Thu structurcq st Iwo new 1somer1c *hlosplran uEhar alk3101d;

n 4

'."0 Jnd °7 of molccular formula C30H“2N203S have albo’been establlshgd

=

- Eﬁhn tﬁe bas:% of 5pactr0590plc propértles and chemlcal 1nterconver510ns
N

A v

LT T T s T Y
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Thlonupharollne 26 has been shown to be 1dentlca1 with the monohem14m1na1

-

6 hydroxyth1ob1nuphar1d1ne "The alka101d EZJls a sulphoxldo of neothio-
blnuphqudlne, ond the conflgurotion about‘sulohur.has beénutentativelv
dedoce& following a detailed study of theip°m T. spectra of 14b and 27.

The sodlum borodeuterlde reduct1on of hemlamlnals of thlohlnuphar-
1d1ne in absolute ethanol solutlon has been exten51vely studled Thc
-observed stereoselect1v1ty of deuterlum 1ncorporat1on in these reductlons.:

is 51gn1f1cant1y different to that reported for* analogous reductlons in

*

methanol solul1on. The 1ntermed1acy of an alkoxyborodeuterlde reduc1ng

‘species has been proposed to expla;n'thls d1chotomy, e

The‘development of a characteristic mass spectrometric fragment- .
" ation scheme for the monodeuterated reduction products of monohemiaminals

i

i

of thiobinupharidine has'resultea in:a'quici and simple hethoﬂ tor . H
dtﬁtlngulsh between c-6 and C -6' as the site of the or1g1na1 hydroxv

. . ! .

group. ThlS method promises to show W1de appllcablllty to any mono-

‘hemiah1na1 (located at' one of the c-6 p051t10ns) derlved from one of the,

" bisamine thlosplran alka101ds of gross skeletal structure 25.

L]

Flnally some suggestlons have been made concerning further work

required_ln:thls flold. - | N
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