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GENERAL INTRODUCTION 

In the last decade, mass spectrometry has been used extensively 

in the structural studies of natural products, including alkaloids. In 

this thesis mass spectrometry has been applied in the elucidation of 

the structures of several new alkaloids of the isoquinoline group. 

Accordingly, in the introduction to this thesis a survey of the 

literature on the application of mass spectrometry to isoquinoline 

alkaloids has been included. 

The mass spectra of tetrahydroprotoberberine (1) alkaloids have 

been studied thoroughly and new alkaloids of this type are readily 

recognized by their fragmentation pattern. Three new alkaloids, 

caseanadine, cavidine and apocavidine, were isolated recently and were 

recognized by their mass spectra as alkaloids of the tetrahydroproto

berberine type. The substitution patterns of the various rings, however, 

could not be determined from the mass spectroscopic data, and proton 

magnetic resonance (p.m.r.) data had to be used to obtain this inform

ation. By a combination of these methods, the structures of these 

alkaloids have been determined unambiguously. 

The structure of ochotensimine, the first member of the spiro

benzylisoquinoline (2) group of alkaloids to have its structure resolved, 

was determined in 1964. A numher of alkaloids of similar type hA.ve 

been isolated since and their structures elucidated. The mass spectra 

of these alkaloids, however, have not been studied systematically. 

1 
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Part of the work reported in this thesis is devoted to a study of the 

fragmentation, upon electron impact, of alkaloids of this group in 

which different oxygenated substituents are present in the five-membered 

ring. High resolution mass measurements were used extensively to 

determine the composition of each ion. In addition, several model 

compounds of the spiroisoquinoline type were prepared and used to aid 

in the interpretation of the fragmentation. It has been found that the 

fragmentation pattern is affe~ted greatly by the substitution in the 

five-membered ring. 

The characteristic fragment of spirobenzylisoquinoline compounds 

were found in the spectrum of the new alkaloid, F-38. The final 

structure of F-38 was resolved by a combination of mass spectrometry 

and other spectroscopic methods. 

R 
R 
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HISTORICAL INTRODUCTION 

Instrumentation 

The historical development of mass spectrometry goes back many 

years. As early as 1886, Goldstein discovered positive rays in a low 

pressure electrical discharge tube. Later, W. Wien, in 1898 (1), showed 

that the rays of Goldstein were deflected in electric and magnetic fields 

and then established that these rays carried a positive electrical 

charge. In 1912, J .J. Thomson (2) discovered that neon consisted of 

a mixture of two different isotopes (mass 20 and 22) rather than only 

a single isotope by using a pai'abola mass spectrograph. This observ

ation of the existence of stable isotopes is perhaps the greatest 

achievement that can be claimed by mass spectrometry. 

The prototypes of modern mass spectrometers were built by 

Dempster (3) and Aston (4). The two designs are suited for different 

purposes, the former instrument is better suited for measuring the 

relative abundances of ionic species, while the latter is particularly 

useful for accurate mass measurement. Since then, both types of 

instrument have been modified and refined. During ~he past two decades, 

the development of sophisticated electronic devices has made reliable 

mass spectrometers available commercially. An excellent account of the 

history and instrumentation of mass spectrometers is available in books 

by Kiser (5) and Roboz (6). 

3 
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Two common types of mass spectrometers used in organic chemistry 

laboratories will be discussed briefly. 

A. Single-focusing mass spectrometer 

Single-focusing mass spectrometers are often of the sector type. 

The principle of the sector instrument .is the same as that of Dempster's 

original design. It was first introduced by Nier in 1940 (7). The 

sector magnetic analyzer is shown schematically in Figure 1. Positive 

ions produced in the ion source are accelePated by a potential differ-

ence of a few thousand volts between two plates. It can be seen that 

deflection takes place in a wedge-shaped magnetic field H and that 

direction focusing is present. The ion beam enters and leaves the 

field at right angles to the boundary, so the deflection angle is 

equal to the wedge angle 8. The ions passing through the slit S2 

impinge on a detector. The geometry is symmetrical in that the source 

and the detector are equidistant from the magnet. The relationship 

between the radius r of the ion path in the field, the accelerating 

voltage V, the strength of the magnetic field H, and the mass to charge 

ratio (m/e) can be derived in the following way. 

The potential energy eV of the particle is equal to its kinetic 

energy. 

eV = (1) 

In the magnetic field, the force evH experienced by the ion will 

be balanced by a centrifugal force mv2/r. 

Hev = 
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Detector 

Figure 1 . A sector mass spectrometer 

Magnetic 

Electrode E 

~Jon source 

Figure 2 . Double focusing design of ~1attauch and Herzog 



r 
mv 

;:: 

He 

Elimination of v from equation (1) and (2) gives 

m 
e 

(2) 

(3) 

At constant Hand V, ions with given m/e will be deflected and 

reach the detector. By changing V or H different m/e groups arrive at 

the detector successively. In the case of electric scanning, H is kept 

constant, and a continuous decrease of V in a reproducible manner leads 

6 

to the recording of the ions. The same is achieved if V is kept constant 

and the magnetic field is increased slowly. Both practices have 

advantages as well as disa0vantages. With the magnetic scan, a larger 

mass range can be covered in a single sweep. With electric scanning 

the resolution and intensity fall off at lower accelerating potential 

because of the increased relative contribution of initial thermal and 

kinetic energy of the particles. On the other hand, electric scanning 

is easier· to achieve, but the mass range is limited. 

The choice of sector angle depends on each designer's consider-

ation. Currently, instruments with sector angles, 8, of 60" and 90" 

are all available. 

B. Double-focusing mass spectrometer 

The geometry of Mattauch and Herzog for attaining double focusing 

for all masses is shown in Figure 2. The main reason for introducing 

a radial electric field between the source and magnetic field is for 

velocity focusing. 
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If an ion of charge, e, is projected into a radial electric 

field, E, at right angle to the boundary, it experiences a force eE 

nonnal to the direction of motion, which is balanced by a centrifugal 

force mv2 /r. The result is a circular' orbit of which the radius r is 

simply calculated. 

eE = 

r 
mv2 

= eE 
(4) 

At constant E, ions with given e deflect according to their 

kinetic energy. A slit is placed betvreen the electl"ostatic analyzer 

and the magnetic field to let ions of certain energy pass through. 

The energy spread, which is a serious problem in single focusing mass 

spectrometers, is eliminated in this manner. After subjecting to both 

velocity and direction focusing, ions with different mass can be 

separated cleanly. Thus, high resolution is achieved. 

The term "resolution" is used to descl"ibe the extent of peak 

separation from the neighbouring one. The height of the ''valley" betHeen 

two adjacent peaks of equal intensity is, therefore, an indication of 

the extent of peak separation. The quantitative definition of 

"resolution" is rather arbitrary. A currently accepted definition (8) 

states that the resolution of a mass spectrometer is equal to M/~M Hith 

the specification that two ion beams, M and t1 + l.!M, of equal intensity 

be recorded as tHo peaks Hith the valley betHeen them no greater Than 

ten per cent of the intensity of the peak M, i.e. 6H/H = 10%, as shewn 

in Figure 3. 
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T 
H 

)
'I,,-

1 I j 
I \ 

~~-~M_'~,~--~--

Figure. 3. "per cent valley" definition of resolution 

The r esol ving pmrer of single-,.focusing magnetic deflection mas s 

spect~ometer~ is usually between 300 and 600 . With such resolving 

· power , only nominal masses will be r ecorded from the low mass end up to 

600. As the resolving power increases , ions with small mass differences 

can be separated. Two compositions, CO and N2 , cannot be distinguished 

by low resolution mass spectrometry, because both compounds will be 

recorded at m/e 28 . At high resolution, the ions can be detected as 

separated peaks , since the exact masses for CO and N2 are 27 . 99491 and 

28.00614 mass units, respectively. The need for th i s high resolution 

in organic mass spectl' ometry becomes obvious when one considers ':hat 

for any nominal mass number many possibl e combinations of carbon , 

hydrogen , oxygen, and nitr·ogen exist . Noreover , the number of possible 

combinations increases rapidly with mass . 
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High resolution mass spectrometry was introduced to organic 

chemists by Beynon (9), who demonstrated the potential power of the 

method in solving organic chemical problems . If the mass can be 

determined within a certain limit, one can assign elemental compositions 

to the ions. The l oss of two molecules of carbon monoxide successively 

from the molecular ion of anthraquinone (9) Has confirmed by measuring 

masses of the fragment ions accurately . Until about 1964, the technique 

of high resolution mass spectrometry had normally been applied only to 

establish the elemental compositions of the most abundant, or potent

ially most diagnost ic, fra gment ions . Such an approach is Hasteful, 

for it is clear that in ignoring the elemental compositions of many 

ions, much useful information may be discarded . 

Currently, the spectra of both a sample and a reference 

compound are recorded on a photographic plate. Since the distances of 

the various focal points are directly related to the square root of the 

corresponding masses, see Equation (3), the accurate mass of any species 

can be determined by measuring the exact distance of this line relative 

to two other lines produced by i ons of knoHn composition, usually 

perfluorokerosene . The distance and the intensity of each line can be 

read on to magnetic tape through the use of an automat ic comparator

densitometer . The tape can then be processed by the computer to give 

ion compositions. 

The problem of time-consuming calculation of the mass of each 

ion, used earlier, Has solved by the introduction of computer techn iques . 

A large amount of i nformation can be presented in a concise and clear 
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form by the use of "element maps", introduced by Biemann (10). Other 

methods of presentation have been discussed in the book of Budzikiewicz, 

Djerassi and Williams (11). Computers have also been used to recognize 

the molecular ion and for simple interpretation of the mass spectrum 

(12, 13). 

A high resolution mass spectrum requires only a small sample. 

Set.,..ups have been described in which gas chromatographs are linked 

directly to the mass spectrometer. Several methods have been used to 

extract the sample from carrier gas. These topics have been reviewed 

(14}. 

Theory and Interpretation 

When neutral molecules collide with electrons of given kinetic 

energy, the collision may be elastic or inelastic. In the former case, 

the internal energies of the two particles are preserved, and no 

structural change occurs in the molecule. In the latter case, many 

possible changes may occur (6). The two most important processes in 

mass spectrometry are ionization and dissociative ionization, in which 

the positive ions p~oduced can be accelerated, deflected and detected 

in the mass spectrometer. The ionization process produces the molecular 

ion and dissociative ionization gives rise to various fragment ions, 

the intensity of which depends on the bond strength and the configuration 

of the molecule. 

The so-called quasi-equilibrium theory of mass spectrometry, 

originally developed by Eyring and his co-workers (15), is based on the 

following assumptions. 



11 

(1) The prime process in ion formation is the transfer of 

energy from the bombarding electron to the neutral molecule, resulting in 

the formation of a molecular ion, which is in an electronically excited 

state. 

(2) The transition from excited state to many low-lying 

electronic states can transfer electronic energy into vibrational energy. 

The excess energy is rapidly distributed over all internal degrees of 

freedom. Fragmentation of the parent ion occurs when sufficient 

vibrational energy is concentrated in a particular bond. 

(3) The fragment ions that are observed in the mass spectrum 

are formed in a series of competing and consecutive unimolecular 

reactions which are similar to the rate processes of conventional 

chemical kinetics. 

(4) The fragment ions thus formed may again have a sufficient 

amount of excitation energy to undergo further decomposition. 

The theory has been appiied to several molecules of rather 

small dimension (16), and the results are only in semi-quantitative 

agreement with experiments. The poor agreement between practice and 

theory is due to the poor mathematical approximations and the many 

parameters involved in the calculation. For most organic compounds, 

the interpretation has to be made through a mechanistic approach. 

This approach is concerned with rationalization of how and why certain 

fragmentations occur. By making a few simple assumptions which are 

based largely on analogy to ground state organic chemistry, a fairly 

consistent picture is obtained Hhich applies to the vast m3.jority of 

cases. 
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Under relatively high ionization voltage (50 ev- 100 ev), the 

initial reaction I1 + e ~ Mt + 2e can take place on any bond in the 

molecule (16), giving an electronically excited species, which decomposes 

statistically after dissipating the excess electronic energy through 

vibrational energy to yield species of lower-lying excited electronic 

states. It is quite reasonable to apply this theory to saturated 

hydrocarbons, because the carbon-carbon bond strengths are nearly equal, 

and similar to those of the carbon-hydrogen bonds. For unsaturated 

compounds or molecules containing heteroatoms, the situation is quite 

different. If one considers the molecular ion as a resonance hybrid 

of the various canonical forms usually dra1m in organic chemistry, and 

if one of them appears to be clearly more stable, then it is both 

reasonable and useful to represent the molecular ion by that canonical 

form. Frequently this turns out to be the one with the charge residing 

on the heteroatom or unsaturated center. This assumption was used 

extensively in the interpretation of organic spectra by Budzikiewicz, 

et al. (11) and supported by experimental evidence (17, 18, 19). This 

concept of charge localization was challenged recently by Mandelbaum 

and Biemann (20), who prefer the dynamic distribution concept, which 

distributes the charge throughout the molecule, statistically maximized 

at the site of the lowest ionization potential. Kinstle and Oliver (21) 

concluded from their experiments that it is difficult to predict the 

extent of charge mobility in a particular molecule, but that in some 

instances a dynamic distribution of c:harge appears to operate. Although 

further experimental evidence is needed to prove or disprove this concept, 



nevertheless, the assumption of charge localization is a useful tool 

in predicting which bonds are likely to break in a given molecule. 

An excellent example was given by Budzikiewicz et al. (11), in which 

the spectra of the steroids, Sa-pregnane (3) and 20S-dimethylamino-5a

pregnane (~),were compared. 

3 4 

The multiplicity of peaks in the mass spectrum of 3 is a 

reflection of the approximately equal ease vrith which the various 

canbon-carbon or carbon-hydrogen bonds are broken, cleavage of tertiary 

certers (for example, m/e 217) being somewhat preferred. Introduction 

of a dimethylamino group at C-20, as in 4 leads to a dramatic 

simplification of the mass spectrum. Charge localization is assumed on 

the nitrogen atom, and the bond cleavage beta to the nitrogen atom will 

give a strong fragment ion, (CH3)2fl=CH-CH3, at m/e 72. 

Other rules of predicting which peaks will be predominant in 

a mass spectrum have been summarized by NcLafferty (22). Often the 

reasons behind such rules can be postulated using concepts of modern 

physical-organic chemistry such as resonance, hyperconjugation, 

polarizability, inductive effects, steric effects and so on. 

The useful generalizations made above are largely a result of 

experience, because there is no assurance that the fragmentation 

13 
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process and the structures of molecular ions and fragment ions are 

actually as predicted. Since the ionic species cannot be isolated and 

examined in the classical sense, other techniques have to be used to 

achieve information about ion structures. 

(1) Isotope labelling: Isotope labelling is a widely used 

method not only in mechanistic studies, but also in structural elucid-

ation, in which a stable isotope is introduced specifically by a known 

reaction. The fragment containing the stable isotope can be detected 

by the shift of the peak in the spectrum as compared with the unlabelled 

one. Ion structures and fr'ag;nentation mechanisms can sometimes be 

deduced in this manner. The methods for introducing heavy isotopes 

into organic compounds have been discussed extensively by Budzikiewicz 

et al. (23). 

An isotope eff€ct has been found in many cases with discrimin-

ation against deuterium (24). Thus, caution must be taken in the inter-

pretation of mechanisms involviDg heavy isotopes. 

(2) Metastable peaks: The rate of decomposition of ions in 

a mass spectr·ometer may be such that some of these ions will reach the 

collector without decomposition, others will decompose prior to accel-

eration, and yet others actually decompose after acceleration but before 

entry into the analyzer. Ions with a half-life of the order of 10-6 

sec. are sufficiently long--liv·2d to be acceler'ated out of the ionization 

chamber, but decompose in transit and are recorded neither as m1 nor m2, 

but as a small diffuse peak. These peaks are called metastable peaks 

dh ..... ' k + + . d an t e process gl Vlng rlse to tr,ese pea s, m1 ~ m2 + m3, lS terme a 
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metastable transition, 
~·: 

The peak m observed in the spectrum can be 

correlated with the decomposing ion m1 and daughter ion m2 by the 

following expression. 

m2 
~·: 2 

m = {5) 
ml 

Until very recently the presence of metastable peaks for the 

. . + + h , d d "d h transltlon m1-4m2 + m3 as neen regar e as evl ence that t e neutral 

atoms of mass (m1 - m2) are ejected in a one step process as a single 

entity. Usually this is correct, but some instances have been found in 

which the appropriate metastable peaks are likely to correspond to a 

two~step process (25). Extra caution has to be taken in citing the 

metastable evidence to support the proposed mechanism, in which the 

fragment ion is favored in one step process. The shape of the metastable 

peak has been found to be related to accelerating voltage and the 

kinetic energy released during the transition (26, 27). It is apparent 

that the shape of a metastable peak (27) may be a sensitive function of 

the structures of the parent and daughter ions. Hence ions identical 

in structure and energy should in principle be identified by the 

appearance of identical metastable peaks fo:r· their further decomposition. 

+ Shannon and ~1cLafferty (28) have classified c2H50 ions into a few 

distinct structural types on this basis. 

(3) Kinetic approach: The kinetic approach to mass spectra 

has been developed extensively by Bursey and McLafferty (29, 30). This 

method was us.ed for deducing the structure of ions. In the decomposition 

of substituted benzophenones (2_), benzoyl ion (6) is forraed. If the 
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ion 6 is formed with the same energy distribution, its rate of 

further decomposition Hill be independent of the substituent Y and the 

same in all cases. The ratio of pe2k intensities C6H5CO+/M+ will be 

16 

a measure cf the rate of formation of 6 from the parent ion 5 . In 

the plot of ratio of ion intensities against Hammet a values for a 

series of substituted benzophenones, a straight line was obtained. 

Thus, the intact structure of the substituted ring must be retained up 

to the transition state. In contras-c, a common molecular ion species 

was proposed in order to account for the fact that the r'ates of form

ation and rates of suT:lsequent decomposition of M-C 2H4 ions derived from 

substituted phenetoles are independent of the position of the second 

substituent (31). 

(4) Energy Cycles: It is possible to define in some cases 

the mode of formation and the structure of fragment ions by using data 

on ionization and appearance potentials, heats of formation and bond 

dissociation energies. An explicit example is provided in the decomp

osition of methanol (32). There are two structural possibilities for 

theM- 1 peak as shown below. From appearance potential measurement, 

the ion, CH 30+, is excluded because the appearance potential calculated 
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for its formation is greater than that observed. The appearance potent-

ial for the alternative structure would be expected to be lower because 

of resonance stabilization. 

Mass Spectrometry of Isoquinoline Alkaloids 

The full potential of mass spectrometry to solve structural 

problems in complex organic molecules was first shovm by Biemann, who 

settled the carbon skeleton of sarpagine by the mass spectral method 

(33} instead of by other conventional methods. This success triggered 

the rapid development and re!7lark2.ble improvement of this instrumental 

method. 

The applications of mass spectrometry to the chemistry of 

natural products have been discpssed in detail in books by Budzikiewicz 

et al. (23, 34) and reviewed by Biemann (35). Hence the discussion in 

this section will be limited to those cases which relate to the present 

research, namely isoquinoline alkaloids. 

The ~emarkable success of mass spectrometry, when applied to 

the structural elucidation of indole alkaloids, is undoubtedly due to 

those structural features, which make the indole alkaloids exception-

ally suitable for mass spectral studies. Firstly, the well recognizable 

molecular ion peak Hbich is observed in all indole alkaloids, represents 

a system of s~ability in the molecule, namely, the nitrogen-containing 
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TABLE I 

Mass Spectra of Isoquinoline Alkaloids 

Simple isoquinoline alkaloids 36 

1~Benzylisoquinoline alkaloids 37' 38, 39' 40, 41 

Pavine and Isopavine alkaloids 42' 43 

2-Benzylisoquinoline alkaloids 44' 45 

Bisbenzylisoquinoline alkaloids 46' 47' 48' 49' 50 

Culari.ne and related alkaloids 37' 51 

Proaporphine alkaloids 52' 53, 54 

Aporphine alkaloids 37, 55' 56 

Protoberberine alkaloids 37' 39' 57' 58, 59' 60, 61 

Prot opine alkaloids 62, 63, 64, 65 

Phthalide alkaloids 37' 35 

Spirobenzylisoquinoline alkalcids 66, 109 

Rhoeadine and related alkaloids 67, 68, 69' 70, 71, 72 

Morphine and related alkaloids 73, 74, 75' 76, 77, 78 

Hasubanonine and related alkaloids 79 

Emetine and related alkaloids 80, 81, 82 

Erythrina alkaloids 83, 84 

Amaryllidaceae alkaloids 65, 85, 86, 87, 88, 89, 90 

Benzophenanthridine alkaloids 91, 92 

Dibenzopyrrccoline alkaloids 93 

PhenethyEsoquinoline and Colchicine 55' 94 
alkaloids 



heteroaromatic nucleus. Secondly, the alicyclic nitrogen~containing 

system results in the breaking of bonds in a specific way with the 

ensuing pattern being characteristic of a particular ring system. 

Similar features are present in isoquinoline alkaloids. Molecular ion 

peaks of most alkaloids, with the exception of simple 1-substituted 

isoquinoline systems (vide infra), are observable and in some cases 

these even become the base peaks, e.g. proaporphine alkaloids. 
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The two most plausible sites to accommodate the charge density 

in the molecular ion of an isoquinoline alkaloid are the aromatic ring 

and the nitrogen atom. The strong molecular ion peak and the prevalence 

of doubly~charged ions in aromatic compounds lend support to the 

contention that the aromatic nucleus constitutes a center of stabiliz

ation for the positive charge (11). The concept of charge localization 

which facilitates greatly the interpretation of the mass spectra of 

amines, also applies to isoquinoline alkaloids. A list of references 

dealing with the mass spectra of isoquinoline alkaloids is shown in 

Table I. 

1""substituted Isoquinoline Alkaloids 

The most readily broken bond in the 1-sub·s-tituted :i. ,2 ,3 ,4-

tetrahydroisoquinolines molecules is the one which is benzylic and S 

to the nitrogen atom. As a result, the molecular'' ion peak is usually 

very small and the strongest peak comes from the cleavage of the 

weakest bond. As shown in the spectrum of the simple isoquinoline 

alkaloids, carnegine (7) (36), the only .significant peak is the base 

peak 8 The immon ium lon (8) formed by simpl~ c:leavage is so stabJ.e 
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7 8 

that havdly any fuvthev decomposition is di.scevnible. Similav behavior' 

is obsevved in the mass spectva of 1-benzylisoquinoline (37, 38) and 

phthalide isoquinoline alkaloids (37). In both cases, the base peak is 

fovmed by fission of a bond >-Jhich is doubly benzylic and S to the 

nitvogen atom. The molecular' ion peak has an intensity of less than 1% 

of the base peak, m/e 206, in the spectvum of N.O.O.-tvimethylcoclaUY'ine 

(9). The benzylic cleavage of the pavent ion can give eithev ion~ ov 

ion 10. Since theve is extensive conjugation in ion ~' and the nitvogen 

atom can well accommodate the positive charge, it is not suvpvising 

that ion 8 is the base peak ion in this spectvum. Ion lQ, which can 

tvansfev into the stable tvopylium ion, is found to have an intensity 

of twenty pev cent of the base peak. Both ions 8 and 10 can lose 

neutval fvagments such as CH 3, H, ov CO to give small daughtev ions. 

The fvagmentation mechanism was confivmed by deutevium labelling and by 

the shift technique. 

It has been vepovted that the pa~ertt ion peak is not obsevved 

in the spectrum of the phtbalide i.soquinoline alkaloid, hydrastine (37). 
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Apparently the presence of the additional oxygen function makes the 

doubly benzylic bond weaker than in a 1-benzylisoquinoline. 
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This behavior is also observed in the dimeric cleavage product 

of isopilocereine (1!) (23, 95), in which the most important fragments 

arise from successive S-cleavages to give the singly charged ion 11._, 

m/e 439, and the doubly charged ion 1:_l, m/e 191. As expected, the 

molecular ion peak in this case is very small. This characteristic 

pattern can be recognized very easily and has been used to identify new 

alkaloids, such as tnalifendlerine (39). 

Primary skeleton information about a ne~-r alkaloid is obtained 

much more easily by the mass. spectral method than by classical chemical 

degradations. Another advantage of the mass spectral method is that 

only a small amount of material isolated from the plant is needed to 

get a spectrum while chei::'i.cal degradation usually requires many times 

that amount. 

2~Benzylisoquinoline 

As the position of the benzyl group attached to the isoquinoline 

ring changes, dramatic changes in the mass spectra occur. When the 

benzyl group is at the 2-position, e.g. sendaverine (14) (45), the base 

peak is no longer the immonium ion obtained by simple cleavage as in 

1-substituted isoquinolines, but instead ion .!S!_. If fission of the 

bond S to the nitr·ogen atom occurs, the ion 12._ will be formed. The 

small intensity of ion .!!2_ seems to imply that this is an unfavorable 

process. The parent peak is moderately strong, since there is net a 

bond of comparable weakness to that in 1-substituted isoquinoline alkal-

oids. 



23 

14 15 

J 

[ 

~isbenzylisoquinoline alkaloids 

Several publications dealing Hith th"=. mass spectral fragment-

ation of bisbenzylisoquinoline alkaloids have appeared (46, 47, 48, 49, 

50}. The alkaloids can be divided into three main types. 

Type 1, One ether linkage: Dauricine (16) is a dimer of 

1~benzylisoquinoline joined together through a single ether bond, and 

its mass spectrum is thus similar to that of the monomers (47). The 

spectrum exhibits a very small molecular ion peak at m/e 624, and 

consists of almost a single peak at rn/e 206 Nhich is due to the cleavage 

of the doubly benzylic bond Hith charge retention on the dihydroiso-

quinolinium ion (8). Since both tetrahydroisoquinoline moieties are 

identical, only one peak of this type is obs~rved. Charge reten~ion 
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on the benzyl group is not favored compared to the dihydroisoquinoliniurn 

ion. Thus, the benzyl ion peak at m/e 418 is small but still perceptible. 

Type II, Two ether linkages, head to head: The characteristic 

peak in this type of alkaloid, e.g. oxyacanthine (12), is an intense 

doubly charged peak, as evidenced by the isotope peak appearing at 

half a mass unit higher. The base peak, ion .!.§._, arises from the cleavage 

of both isoquinoline benzyl bonds in a doubly charged molecule. 

Despite the fact that two positive charges on a single molecule are highly 

unstable, the two positive cha-rges in ion 1:..§._ are uell separ'ated and well 

stabilized in two separated dihydroisoq,~inoline systems. The greatly 

increased intensity relative to Type I of the molecular ion peak 

results because at least two bonds must be broken before any fragment 

ion can be formed. A singly charged ion corresponding in composition 

to ~minus one hydrogen is observed as a moderate peak at m/e 395. 

The substituents on the two isoquinoline can be deduced from this ion. 

It is obvious that the change of position of the ether linkage 

between the two isoquinoline parts or two benzyl groups does not affect 

the fragmentation process, as demonstrated in the spectra of oxyacanthine 

(12) (47) and berbamine (19) (35), where the two spectra are similar, 

even though they vrere recorded on different machines. 

Also included in this group is the alkaloid triboline (20) (48). 

Although there are three ether linkages in this molecule, the main 

fragmentation process should be the same as it is for 17 or 19. 

Examination of the spectrum shows a definite similarity. 
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Type III, Two ether linkages, head to tail: When the ether 

linkage connects different rings, extensive differences in the spectrum 

are produced. Unlike oxyacanthine or berbamine, there is no doubly 

charged ion in the spectrum of chondodendrine (~) (47); instead, two 

singly charged species, ~and~' are formed, each coming from differ

ent parts of the molecule. In this case, ions ~and~ happen to 

appear at the same mass, m/e 297. It was found in 0-ethyl-0-methyl

isochondodendrine (48) that both ions were observed in the spectrum. 

Thus, mass spectrometry is a convenient tool to distinguish 

the three types of bisbenzyl-tetr'ahydroisoquinoline alkaloids, as they 

have distinct fragmentation patterns. Several new alkaloids have been 

identified with the aid of mass spectrometry, such as repanduline (96) 

and penduline (97). The determination of the substitution pattern, 

however, is still dependent on other methods. 

Pavine and Isopavine Alkaloids 

Only a few mass spectra.of alkaloids of this type have been 

reported in the literature (42, 43). However, the characteristic peaks 

displayed in the spectra can be recognized easily and useful conclusions 

can be drawn about their fragmentation. The strong molecular ion peak 

in the spectrum of amurensine (~~), an isopavine alkaloid, is compatible 

with the structure, in which there is no simple bond cleavage which can 

give rlse to stable daughter ions. The base peak ion, ~' arises from 

a series of bond fissions, namely, benzylic cleavage followed by 

aromatization of the nitrogen-containing ring with expulsion of '26 as 

a neutral fragment. It is not surprising that the fully aromatic ion 
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25 is the most stable ion. 

The difference between pavine and isopavine alkaloids lies in 

the fact that the central carbon skeleton between the two aromatic rings 

in the pavine alkaloids is symmetrical, e.g. norargemonine (~). Both 

bonds S to the nitrogen atom can be broken upon electron impact to form 

an intermediate ion Hhich decomposes further to give the isoquinolinium 

ion. Two strong peaks are observed in the spectrum of the pavine 

alkaloid, norargemonine. In cases where the substituents on both rings 

are identical, only one strong peak corresponding to the isoquinolinium 

ion exists in the spectrum. In order to differentiate pavine alkaloids 

of this type from their isopavine counterparts one can use the M-43 

peak which is observed in the isopavine but not in the pavine series. 

The M+~43 peak, ion 'l:]_, formed through the retro-Diels-Alder process, 

has a moderate intensity in the isopavine series. This process is 

often found in six membered rings with one double bond, and has been 

discussed by Biemann (98). A similar difference would be expected for 

secondary bases of the pavine and isopavine alkaloids. 

Cularine and related alkaloids 

Cularine alkaloids exhibit rather clean spectra (37, 51) which 

ewe their stability to the existence of a tetracyclic ring system. The 

only two strong peaks in the spectrum of cularine (~) are the parent 

peak and the quinonoid ion 3~, which arises from the expulsion of a 

methyl radical from the C-11 OMe. One small but recognizable peak 

appears in the middle of the spectrum with an odd mass number, Hhich 

apparently forms from the cleavage of the benzylic and the ether linkage 

to form ion 31. 



Proaporphine and Aporphine alkaloids 

Biogenetically, proapor·phine alkaloids were proposed by Barton 

and Cohen (99) to be the precursors of aporphine alkaloids. They also 

bear some similarities in their mass spectral fragmentation. The 

tetracyclic ring system in which there are no easy bond cleavages 

leads to a stable molecular ion, which forms the base peak in proapor

phine and in most aporphine alkaloids. The strong M-1 peak is an 

indication of the stability of th~ quaternary ammonium ions, 33 and~. 

formed by losing a hydrogen atom from the carbon adjacent to the nitro

gen atom. Moderately strong peaks appearing in the high mass region 
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at m/e 268, ~. and at m/e 284, ~. are formed through the retro-Diels

Alder decomposition of the molecular ions ~and~. respectively, with 

expulsion of CH2=NCH 3 . Peaks of lov: intensity show the loss of small 

radicals such as CH3, OH or OCH3 from the molecular ions 32 and 35 as 

well as from ions 34 and 36. No significant peaks appear in the spectra 

further down. The only way to distinguish between these two groups is 

through the peak, M-CHO, formed by losing CO from ion 33 in the 

proaporphine alkaloids. In instances where the amine is secondary, the 

ions M-CH2=NH and M-CP.O can be differentiated by high resolution mass 

spectr·ometry. 

Protoberberine Alkaloids 

A systematic study of the mass spectral fragmentation of this 

group of alkaloids has been reported (60). The moderately strong 

molecular ion peak, l§_, and the base peal< acco<mt for most of the ion 

current. The retro-Diels-Alder opening of ring C gives the ion 41 vrhich 
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is the base peak in most compounds examined. In the instances where 

there is a hydroxyl group in ring D, the base peak shifts to the ion 

39 arising from retro~Diels-Alder decomposition ·with one hydrogen 

transfer. Ion 42 is found to be strong when the substituents at C-9 

32 

and C-10 are methoxyl groups. These differences are very useful in 

structural studies on new members of this group of alkaloids. 

Isoquinolinium ion, 40, is found ir. all of the spectra, but its intensity 

is small. 

Emetine and Related Alkaloids 

The mass spectra of emetine alkaloids have been studied in 

considerable detail by Budzikiewicz et al. ( 80). They found that the 

double bond at 1', 10' determines the general features of the spectrum. 

Allylic cleavage of the psychotrine ion 43 followed by hydrogen 

transfer produces ions 44 and 45, both of which are strong. The odd 

electron ion, 44, then loses its ethyl side chain to give the base 

peak, ion 46. 

The cyclic cleavage of ring C with hydrogen transfer to or from 

the isoquinoline ring gives a series of peaks, 47 m/e 191, 48 m/e 192 

and 49 m/e 190. 

The spectrum of the saturated analogue, cephaeline (~_) is 

dominated by ions formed by benzylic cleavage of bonds 10', 11', and 

10, 11. In the former case, two ions~ and~ a~e formed with the 

latter predominant. In the C-10, C-11 bond cleavage, a series of 

electron shifts and a hydrogen transfer gives the ion 53. 
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Protopine Alkaloids 

In contrast to the tetracyclic alkaloids mentioned previously, 

the molecular ion peak of protopine (~:!:) (65) itself and other members 

of this family is comparatively small. The introduction of a keto 

group into the molecule accelerates the retro-Diels-Alder type decamp-

osition (a process). As a result, the parent peak is very small. The 

base peak is usually ion ~. which is derived from the a process and 

carries most of the ion current. Other characteristic peaks correspond-

ing to the ion structures 57 and ~~arise from the benzylic 5,6 and 

13, 14 cleavage with one hydrogen transfer (S~process). If the substit-

uent at C-9 is a hydroxyl group an additional strong peak appears, its 

composition corresponds to ~plus one hydrogen. Its genesis is 

probably derived from the a process r,-Jith the transfer of phenolic 

hydrogen to the nitrogen, as in the case of the protoberberine alkaloids. 
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Rhoeadine and related alkaloids 

The alkaloid, rhoeadine, was earlier formulated as a modified 

benzyl or phthalide isoquinoline (100, 101), but its structure was 

revised to 59 on the basis of mass spectral and other chemical evidence. 

As mentioned earlier, the mass spectra of benzyl and phthalide 

isoquinolines exhibit little or no molecular ion peak, while rhoeadine 

(59) shows a parent peak about half the intensity of the base peak. 

The rhoeadine alkaloids may be divided into two groups, acetal 

and hemiacetal, mutually convertible by hydrolysis and etherification, 

respectively. The mass spectra of each series of compounds also 

exhibit a distinct pattern. The intense M-CH3 peak in the acetal group, 

but not in the hemiacetal group, shows clearly that the methyl group 

must be lost from the methoxyl group on ring C. The process is shown 

in 59. The ion~ may decompose further to give the base peak, ion 61 

at m/e 177, a process which is supported by a metastable peak. 

On the other hand, the hemiacetal rhoeagenine ion (~) prefers 

to fragment by the retro-Diels-Alder mechanism to form ion ~' which 

can then undergo either a or S cleavage to give ions ~ and ~' 

respectively. As a general rule, S cleavage will be favorable, because 

the bond is benzylic and S to the nitrogen. The base peak is indeed 

The ion 65. This process also occurs in the rhoeadine ion 59, but to 

a lesser extent. 

Spirobenzylisoquinoline Alkaloids 

Mass spectral methods have been used in the structural invest

igation of spirobenzylisoquinoline alkaloids. The three minor alkaloids 
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fumariline (~), fumaricine (~_2) and fumaritine (68) have been shown to 

have the same carbon skeleton by examination of the mass spectra of ~' 

68 and the reduction product of~' 69 (109). The fragmentation patterns 

of these compounds were similar and the substituents in the ring could 

be deduced from the peak shift. This information could not be obtained 

easily by other methods. 

High resolution mass measurements confirmed the molecular 

formulas and also gave the elemental composition of the fragments. The 

base peak ions of ~' ~ and 69 have been confirmed to be the dihydro

isoquinolinium ion (109). 

The study of the detailed fragmentation of these alkaloids forms 

part of this thesis and will be discussed in next Chapter. 

Morphine, Amaryllidaceae and Related Alkaloids 

A number of publications dealing with the mass spectra of 

morphine and Amaryllidaceae alkaloids have appeared in the literature. 

However, the mass spectra of the alkaloids lack the characteristic 

intense peaks in the medium mass region and, therefore, are difficult 

to interpret. The peaks in the high mass region, which merely reflect 

the loss of small substituents or a few carbon atoms of a ring system, 

offer little useful information for structural studies. This 

difficulty is due to the polycyclic nature of the ring systems and the 

absence of characteristic cleavages. Two salient features are obvious. 

Firstly, the molecular ion usually gives the base peak. A cursory 

survey of these spectra will suffice to prove this point. Secondly, 

minor' structural variations are frequently sufficier,t to cause drastic 
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changes in the mass spectra. For example, the case of the Amaryllidaceae 

alkaloids, tazettine (70) and criwelline (2!) (87), can be cited. The 

only difference between these two isomers is the configuration at C-3, 

but the base peak for~ is at m/e 247, while a peak of only small 

intensity is observed in this region for 71. A large difference is also 

observed between the spectra of the morphine alkaloids codeine and 

neopine (76), Hhere the only difference between them is the position of 

the double bond. As a result, no generalizations will be made on these 

alkaloids. Further work is needed for a complete understanding of the 

factors affecting their fragmentations. 

71 

The above discussion is by no means comprehensive and only 

general features of the spectra of most alkaloids are outlined. It is 

apparent that some inherent difficulties are involved in the applic-

ation of electron impact mass spectrometry to structural determinations 

in this series, such as the difficulty in identifying molecular ions in 

phthalide isoquinoline alkaloids and the complexity of the spectra of 

the Amaryllidaceae alkaloids. Some of these difficulties could be 

overcome by using loH electron energies or cheT.ical ionization. As 

demonstrated recently by Fales (65), the mass spectra of Amaryll:i.daceae 
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alkaloids are simplified dramatically by using chemical ionization. 

Chemical ionization mass spectra usually provide intense molecular ions 

which are sometimes absent in electron impact spectra. Nevertheless, 

electron impact mass spectrometry is still a useful and informative 

physical method for structural studies. 

The Structure of Spirobenzylisoquinoline Alkaloids 

The spirobentlisoquinoline alkaloids, ochotensine and ochotens

imine, were first isolated from Corydalis oc:~otensis Turcz (Fumariaceae) 

by Manske (102) in 1940. Their structures were fully elucidated by 

McLean and coworkers in 1964 (103, 10tt). The assigned structures wer'e 

supported by an x-ray analysis of ochotensimine methiodide (105). 

Very recently, the structures of six additional alkaloids, 

fumaricine, fumariline, fumaritine (109), sibiricine (66), ochrobirine 

(107), and fumarophydne (128), witt a spirobenzylisoquinoline system 

have been reported. All of these alkaloids wel'e isolated in small 

amounts and it was nEcessary in the elucidation of their structures to 

rely heavily on physical methods. 

The most extensively used method was p.m.r. spectroscopy. The 

structural determination of ochotensine and ochotensimine was also 

based mainly on the p.m.r. spectra of the alkaloids and of two Hofmann 

degradation products (104). As p.m.r. techniques have become more 

sophisticated, more structural information and stereochemical conform

ation can be obtained. The first successful application of the nuclear 

Overhauser effect to the isoquinoline alkaloids was the confirmation of 

the structure of furnariline (66) and fumaricine (57) (108). 



In their first publication (106), the assignment of structure 

to 66 and 67 was based on the similar'ity of ~ to a known synthetic 

compound, and the stereochemistry of ~ at C·-14 was left unassigned. 

In a later paper (108), the NOE technique was used to confirm the 

assigned structure, and also to define the orientation of the hydroxyl 

at C-14. The NOE technique was also used in the elucidation of the 

structure of sibiricine (66) and ochrobirine (107). 
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So far biosynthetic experiments have not been carried out on 

these alkaloids. A biogenetic-type synthesis, however, of spirobenzyl

isoquinoline alkaloids was reported to be successful (110). The 

spirobenzylisoquinoline skeleton was derived from a diphenolic dihydro

protoberberine salt through a base catalyzed rearrangement. whether 

the plant follows the same route or another pathway remains to be 

resolved. 



DISCUSSION OF RESULTS 

Caseanadine 

An examination of Corydalis caseana A. Gray was reported in 1938 

by Manske and Miller (111) who isolated ten alkaloids. Of the ten 

alkaloids six are tetrahydroprotoberberines, three are of the protopine 

type and one is a phthalide isoquinoline. 

A new alkaloid, c20H2 3N0 4 , which was assigned the trivial name, 

caseanadine, was recently isolated from this source. The ultraviolet 

spectrum has ), max (MeOH) 282 ill)l and the infrared spectrum v max (CHCl3) 

3540 cm.-1 (OH absorption) and bands in the region 2700-2800 cm.-1 

(Bohlmann bands). The spectral properties are not inconsistent with a 

tetrahydroprotoberberine. 

·The mass spectrum of caseanadine shows a molecular ion at m/e 

341 (100) as expected and fragment iDns at m/e 326 (7), 310 (20), 178 
.•. 

(8), 176 (6), 164 (82) and 149 (38)." This pattern is characteristic 

of tetrahydroprotoberberines (60) substituted with two methoxyl groups 

in ring D and with one hydroxyl and one methoxyl group in ring A. 

According to Chen and MacLean (60), the intense molecular ion peak as 

well as peaks at m/e 149 indicate that the substituents in ring D are 

at C-9 and C-10. It has been postulated that ions m/e 164 and 149 have 

the structur'e 72 and 73, respectively. 

-------- -----
~'; 

Ion intensities are shovm in brackets 

41 



42 

73 

The ions at m/e 178 and 176 are the dihydroisoquinolinium ion 

and isoquinolinium ion, respectively. The composition of all the ions 

discussed above have been confirmed by high resolution mass measure

ments as shown in Table II. Unfortunately, the mass spectrum does not 

define the sites of stilistitution in ring A. 

TABLE II 

Compositions of Major Ions in the Spectrum of Caseanadine 

m/e Composition m/e Composition 

341 CzoHz3N04 178 C1oH1zN02 

340 CzoHzzN04 176 C10H10N0 2 

326 ClgHzoN04 164 C1oH1zOz 

310 ClgHzoN03 149 C9H902 

The 100 MHz p.m.r. spectrum of caseanadine in CDCl3 is shown 

in Figure 4. The spectrum confirms the presence of four aromatic 

protons and three methoxyl grcups. The presence of the doublet centered 
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near 4.2o is characteristic of the protoberberines in which ring D 

carries an oxygen substituent at C~9 (60). The signal constitutes one-

half of an AB quartet associated with the protons at C-8. The other 

·half of this signal is obscured in this spectrum by the methoxyl signals. 

The aromatic region definitely shows one AB system vTith indications 

that another may also be present. 

The spectrum of caseanadine Figure 5 in DMSO-d6 was more 

informative, particularly in the aromatic region. The presence of two 

AB systems is clearly discernible there and thus the substituents in 

ring A raust be at the 1,2 or 3,4 positions. The previous demonstration 

that caseamine (59) and caseadine (112) have substituents at the 1- and 

2-position suggests that caseanadine may be similarly substituted in 

ring A. The presence of twa AB quartets in the aromatic region along 

with the p.m.r. evidence that C-9 carries an oxygen substituent defines 

the substitution in ring D. Thus caseanadine may be represented as in 

74 where R1 + R2 = H + CH3. The assignment of the OH group to C-1 

5 

74 
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rests on decoupling evidence on caseanadine and on an examination of 

the p.m.r. spectrum of its 0-acetyl derivative ~shown in Figure 6. 

The p.m.r. spectrum of 75 shows that two aromatic protons have 

shifted dmmfield in ~ and, therefore, they must be in the ring 

carrying the 0-acetyl group. The chemical shift of the remaining (ring 

D) protons has not changed appreciably. MoreoveP, it is obvious from 

the height of the signals that the lowest field proton of ~ is the 

highest field proton of 74. The magnitude of the shift (ca. 0.4 ppm) 
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is expected for a proton para to a phenolic hydroxyl group which has 

undergone acetylation (113). The high field signal of 74 and the low 

field signal of 75_ are both broader (less sharp) than the proton to 

which they are coupled. This suggest:s that these protons are bi'oadened 

by ortho-benzylic coupling Hhereas the protons to which they are 

coupled are less strongly long-range coupled to meta and/or para 

protons (114). Double irradiation experiments lend suppol't to the 

assignment of stl'ucture 74. Irradiation of 75 in the region 280-·324 Hz 

from TMS caused the loH field p:::->oton to sharpen relative to that pl'oton 

to which it is directly coupled. The effect is most pronounced in the 

region 294-310 Hz from TMS. The effect is shown in Figure 7a. A 

similal' effect is obsel'ved in 74 when the solution in DMSO-d6 is 

subjected to irl'adiation in the l'egion 265-281+ Hz as shown in ?igure 7b. 

The signals Hhich are under irl'adiation in both systems must be one or 

othel' of the signals associated with the pl'otons at C-5 or C-13. With 

the orientation of substituents of structure 74 ir-radiation at C-13 

Hould not affect the protons of rir,g A. The only other benzylic proton 
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which can be long range coupled to the aromatic protons of ring A is 

situated at C~14. This proton has not been assigned in this spectrum 

but since it is benzylic and alpha to nitrogen one would expect to find 

it at lower field than 3 ppm from TMS. In the 13-methylprotoberberines 

this proton is clearly defined and appears in the region 3.7 ±0.1. 

The alternative structure ~' although unlikely on biogenetic 

H 

76 

grounds, must also be considered. If~ were the correct structure, the 

low field proton of the AB quartet of~ in ring A would be at C-1, and 

the high field proton of the AB quartet of 74 in ring A would be that 

at C-1. Irradiation at C-5 would affect the proton at C-1 less than 

that at C-2 since meta-benzylic coupling is weaker than para (114), a 

circumstance which is contrary to the observed result. In any event, 

in structure 76 the proton at C-1 would be expected to be broader, even 

after irradiating C-5, than that at C-2 because it would still be ortho

benzylic coupled to C-14. Such is not the case. Nevertheless, the 

irradiating field may b2 affecting the pro-cons at C-13. These protons 



will not be longe~range coupled to c .... 1 but irradiation at C-13 might 

increase t he area of the proton at C·~1 through a nuclear Overhauser 

effect (115) and g ive the misleading impression that a decoupling had 

occurred. An examination of the peak width at half height definitely 

shows a decoupling of the low field aromatic proton of 75 and the high 

field aromatic proton of 74. For ~the wi dth at half height of the 

high field aromatic proton is 1.9 Hz in the uncoupled spectrum, and in 

the decoupled spectrum, 1.0 Hz. For the other half of the AB quartet 

the figures were 1.4 and 1.0. Only structure 74 is compatible with 

these observations. 

Thus , the decoupling experiments establish the orientation of 

t he substituents in ring A. A trans-quinolizidine conformation of 

rings A and B in caseanadine is indicated by the presence of Bohlmann 

bands in its i.r. spectrum (116). The large negative optical rotation 

of caseanadine ln CHCl3 suggests the absolute configuration shown in 

the diagram in which t he C-14 hydrogen has an a -orientation (117). 

13-Methylt etrahydroprotoberberines 

From Corydalis t halictrifolia Franch. (118) and from Corydalis 

tuberosa DC. (C . cava) (119) a number of tetrahydroprotoberberine and 

several 13-methyl tetrahydroprotoberberine alkaloids have been isolated 

along with alkaloids of other i soquinoline systems. Ttvo new alkaloids, 

one from each of these species have been isolated. 

The first of these t•,vo new alkaloids , C2 1H23N04 , from C. 

!~alictrifolia, was assigned the trivial name, cavidine II· The base 

was optically inactive, melted at 193°C and had~ max ( MeOH) 285 mw in 
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its ultraviolet spectrum (u.v.). The infrared spectrum (i.r.) showed 

the absence of carbonyl or hydroxyl absorption but had absorption in 

the 2700~2800 cm.-1 , Bohlmann bands (116, 120). The mass spectrum of 

cavidine is recorded in Figure 8f. Wnen the spectrum of cavidine is 

compared with that of thalictrifoline ~' Figure 8e, the two spectra 

are nearly identical. This suggests that cavidine is likely an isomer 

of thalictrifoline. Since the mass spectrum does not define the 

substitution patter•n, it was necessar•y to use p.m.r. spectrometry in 

order to assign the positions of substituents. 
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The 100 MHz p.m.r. spectrum of 7~ is shO'Nn in Figure 9. The 

presence of a CH-CH3 group is apparent from the signal centred at 0.98, 

J=7 Hz, and the presence of two methoxyl groups and of one methylenedioxy 

group by the signals at 3.88 (area 6) and 5.93 (area 2), respectively. 

The presence of four protons in the aromatic region is established by 

integration :Out the spectrum in the aromatic region in CDC1 3 is 

disappointing in that it is impossible to draw any conclusions about 

the substitution pattern. In DMSO-d6 , however, two singlets and an AB 

quartet were clearly discernible (see inset Figure 9). The presence of 

an AB quartet centred at 4.07 and 3.528, LTAB=14 Hz, ascribed to the 

protons at C-8, indicates that there is an oxygen substituent at C-9 

(60). The signal centred at 3. 71+ is attributed to the proton at H-14 

which is coupled (J=3 Hz) to the adjacent cis proton at C-13 (vide 

infra). The remaining unassigned signals in the aliphatic region arise 

from protons at C-13, C-5, and C-6. 
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The spectroscopic examination indicated that cavidine is a 13-

methyltetrahydroprotoberberine with a methylenedioxy group at c.,..g and 

C-10 in ring D and with tHo methoxyl groups in ring A. The substitution 

pattern is similar to that in thalictrifoline and in an alkaloid 

described by Taguchi and Imasek.i ( 121) i-rhich they designated "Base II". 

They shoHed that "Base II" Has a stereoisomer of thalictrifoline by 

converting both alkaloids to a common dehydro base. Upon reduction the 

dehydro base gave a mixture of thalictrifoline and ± "Base II" (m.p. 

191~92). Jeffs (122, 123) has inferred that the C-13 and C-14 hydrogens 

in Base II are cis while in thalictrifoline they are trans to one 

another. Base II has a melting point close to that of cavidine. 

Moreover, the i.r. and p.m.r. spectra of cavidine are similar to those 

published by Taguchi and Imaseki (121) for ± "Base II". It seems 

likely that cavidine and ± "Base II" are identical, but it Has not 

possible to obtain an authentic sample of "Base II" for comparison. 

The second base, also optically inactive, C2oH21N04, noH named 

apocavidine '!..j_, is a demethylated derivative of 77. This was appare:-1t 

from an examination of its mass soectrum and its p.m.r. spectrum. The 

mass spectrum showed a similar fragmentation pattern to that of cavidine. 

The p .m .r. spectrum, Fig11re 10, in CDC1 3, shows a signal corresponding 

to a single CH-CH 3 (0.988, J=7 Hz), a single methoxyl at 3.876 and a 

methylenedioxy gro-:.1p centred at 5.93<5. The aromatic region integrates 

for four aromatic protons and there is present an AB quartet corres

ponding to the protons at C-8 and a doublet corresponding to the proton 

at C-14. The phenolic.hydroxyl shows up as a broad signal centred near 
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5,68. The relationship of 77 and 79 was confirmed by conversion of 79 

to II by treatment with diazomethane. 

77 

57 

79 R=H 

From double irradiation experimen-ts and through nuclear 

Overhauser effect studies (115, 108) h was possible to assign the 

position of the OH group in apocavidine. First, it was established 

that the proton to which the C-methyl group is coupled is also coupled 

to the signal centred at 3.718' which must therefore be attributed to 

C-14. Irradiation at 3. 71 causes the lovr field aromatic proton at 

6.786 to sharpen relative to the aromatic proton at 6.58. Thus the 

signal at 6.788 is assigned to H-1. Irradiation at 2.68 sharpens the 

signal at 6.58 relative to that at 6.78. Thus the signal at 6.588 

must be attributed to C-4. The irradiated proton must be one of those 

at C-5. Upon irradiation of the methoxyl signal the area of the signal 

at 6.588 increased by 23% but the area of the signal at 6.78 was 

unaffected. Thus the methoxyl group :-vas assigned to C-3 and the hydr

oxyl group to C-2. 
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The mass spectra of seven 13--methyltetr•ahydroprotoberberine 

alkaloids are recorded in Figure 8. The mass spectral fragmentation 

pattern of the 13-methyl derivatives are rather simple and straight-

forward and similar to tetrahydroprotoberberine (60). In the high mass 

region, the spectra show a molecular ion peak, usually about 40% of the 

base peak, and small peaks corresponding to the ions, M-CH 3 and M-OCH3. 

The base peak ion 84 arises from the retro-Diels-Alder opening of 

ring C, as shown in Scheme 1. 

39 + LtO 

R~ 
R4 

Rc:: 
:> 

RJ 

Scheme 1. R4 

84 ~ 

If the charge remains on the other moiety of the molecule, ions 

39 and 40 will be formed. Both ions are small but discernible. The 

formation of ions of type 39 requix'es the transfer of a hydrogen from 

either ring C or D to ring B. The origin of the hydrogen in this 

transfer has not been investigated. 

When the substituents in ring Care methyl groups, as in 

corydaline, ion 81J. can decompose further to for<n ion 85_ by losing a 
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methyl group. The origin of the methyl group in this decomposition has 

not been investigated. However, in analogy to the spectra of tetra-

hydroprotoberberine (60), R4 is, presumably, lost preferentially to 

form the more stable ion ~' which can expel a molecule of carbon 

monoxide to give the ion at m/e 135. When the substituents in ring D 

are methylenedioxy, no such process is possible. 

The composition of fragment ions discussed above have been 

confirmed by high resolution-mass measurements, as shown in Table III. 

TABLE III 

Compositions of r~ajol' Ions in the Spectra of Cavidine and Apocavidine 

Cavidine Apocavidine 
m/e Composition m/e Composition 

353 C21H23N04 339 c20 H21N04 

338 C2oH2oN04 324 c19H18No 4 

192 C11H14N0 2 178 C1oH12N02 

190 CuH12N02 176 C1 oH1 oN02 

162 C1oHio02 162 C1oHio02 

The stereochemistry at C-13, as expected, has no effect on the 

fragmentation pattern. The spectra of fficorydaline and mesocorydaline, 

in which the C-13 and C-14 hydrogen are cis and trans to one another, 

respectively, are almost identical with only small variations in 

intensity. A similar phenomenon is observed in the spectra of 

thalictrifoline and cavidine. 
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The conformation of the 13-methyltetrahydroprotoberberines has 

been discussed by Jeffs (122, 123). He has c8ncluded that in those 

compounds in which the C-13 and C-14 hydrogens are cis to one another, 

the quinolizidine system assumes a trans conformation as shown in 86. 

The C-13 methyl will adopt an axial conformation and all compounds of 

this stereochemistry exhibit Bohlmann bands in their i.r. spectra. 

Me 

ro I 

H Me 

86 87 

The two new bases described above fall into this category since both 

nave Bohlmann bands in their i.r. spectra. The diastereomeric compounds 

in which the hydrogen at C-13 and C-14 are trans to one another are 

considered by Jeffs to adopt a cis-quinolizidine conformation, as shown 

in ~' for to do otherwise would result in strong non-bonded inter-

actions between the C-CH3 and the hydrogens at C-1 and C-12. As 

expected, compounds of this configuration, e.g. meso-corydaline and 

thalictrifoline, do not exhibit Bohlmann bands. 

The p.m.r. data of a number of these compounds are listed in 

Table IV. Only two alkaloids with the hydrogen at C-13, C-14 trans to 

one another were available, namely, thalictrifoline and meso-corydaline. 



TABLE IV 

Selected Signals in the P.m.;r>. Spectra of Some 13~methyltetrahydro:protoberberines 

Coupling 
Chemical shift in p.p.m. (<5) Constant Hz 

H...,_8A H"':8B 13~H3 H~4 J 
Hl3""HJ4 

( t} "'coryda,li'ne (BO} R1~R2~R3~R4~Rs~CH3 4,19, 3,49 0.97 3.68 3.0 

R6;::H 

meso.,...cory(laline (81) R1 ;::R2 ::R3 ~R4 ;::R6 ;::CH3 4.13 3.97 1. L~8 3.62 7.5 

R5;::H 

(+ ).,.corybulbine (82} R1;::;R3::R4;::R5::;CH3 4,20 3.55 0,99 3.70 3.0 

R2;::R6:::H 

(+)""thalictricavine R1+R2=CH2 ; R6::;H 4.21 3.52 0.99 3.69 3.0 
(83) 

R3=R4=R 5=CH3 

(+)~thalictrifoline R1=R2;::R6;::CH 3 4.02 3.89 1.48 3.68 7.5 
(78) 

R3tR4=CH2 ; Rs=H 

(±)~cavidine (77) R1=R2=R 5;::CH 3 4.07 3.52 0.98 3.74 3.0 

R3+R4=CH2 ; R6:::H 

(±}-apocavidi'ne (79) R2:::R 5:::CH 3 4.08 3.50 0.98 3.71 3.0 

R3+R4=CH2 
R1=R6:::H 

(J) 

1--'-



The spectrum of thalictrifoli:1e is shown in Figure 11. It is obvious 

that there are three noticeable differences between the two groups of 

diastereomers. The first is the chemical shift of the C-He group, the 

second .is the coupling constant between the protons at C-13 and C-14, 

and the third is the chemical shift of the two protons at C-8. The 

chemical shift of the C-t-1e in those compounds with cis hydrogens is 

near 1. Oo while it is near 1. 56 in the system with trans hydrogens at 

these centres, an observation also made by Shamma et al. (124) for two 

synthetic 13-methyltetrahydroprotoberberines. In the systems in which 

the hydrogens are trans, the C-He group lies nearly in the plane of 

ring D and is, therefore, deshielded. The coupling constants between 

H~13 and H-14 are ca. 3.0 Hz in the systems with cis hydrogens and 

ca. 7.5 Hz in the system with trans hydrogens. The coupling constants 

are expected for the systems, in which the dihedral angle approaches 

90° in one case and 180° in the other. The H-14 signal is clearly 

visible in all spectra. 

In all the spectra of the cis compounds the protons at C-8 

appear as an AB quartet (J=16 Hz) with a large chemical shift (0.6-0.7) 
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between them. The lower field proton is probably equatorial and 

deshielded by the aromatic ring D, the lone pair on the adjacent 

nitrogen, and the oxygen at C-9. In the two compounds with trans 

hydrogens at C-13 and C-14 the chemical shifts of the two protons at 

C-8 are very much smaller (0.1-0.2 ppm) with the high field proton 

moving dow~field. Thus the p.m.r. spectra are diagnostic of the 

configuration of these systems. The results of the p.m.r. study are 
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in complete accord vd th and lend support to the stereochemical assign

ment made on the basis of i.r. and conformational arguments. Structures 

~ and ~ are typical representations of trans and cis-fused tetra

hydroprotoberberines. 

P.m.r. spectroscopy has been used previously to assign conform

ation in saturated cyclic systems in which nitrogen occupies a bridge

head position (125 and the references cited therein). It has been 

shown that, in trans-fused system, the two protons on the methylene 

adjacent to nitrogen have a much larger' difference in chemical shift 

than the analogous protons in a cis-fused system and that the proton 

at lower field in the trans-fused system is the equatorial proton. The 

difference in chemical shift has been attributed to the deshielding 

effect of the lone pair on the nitrogen. In the trans-fused system 

only one proton, the equatorial one, is deshielded by the lone pair. 

In the cis-fused system both protons are equally affected since the 

lone pair bisects the angle between the geminal protons. 
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Mass Spectra of Spirobenzylisoquinoline Compounds 

Extensive work has been done on the mass spectra of many iso

quinoline alkaloids as discussed in the previous Chapter. No systematic 

~tudy, however, of the mass spectra of spirobenzylisoquinoline alkaloids 

has been carried out. The fir st reported spectra of these alkaloids 

(104), i.e. ochotensine and ochotensimine, gave no interpretation about 

their fragmentation. The r·eported da.ta showed no characteristic frag

mentations which could be used for diagnostic purposes. On the other 

hand, the spirobenzylisoquinoline compounds with oxygenated substituents 

in the five~membered ring sh01.,r distinct fragmentation patterns. The 

pres ent work will deal with the fragmentation pattern of several known 

alkaloids of the spiro series with the aid of high resolution mass 

spectrometry and some synthetic model compounds. 

Mass Spectra of Fumaricine (67), Fumaritine (68) and Dihydrofumariline (6 9 ) 

The mass ~pectra of§_]__, 68, and §2_ are recorded in Figure 12. 

The base peak, ion ~' in the spectra of thes e compounds has been 

postulated (109) to arise from the process illustrated in Scheme 2. 

This mechanism has been supported by a deuterium labe lling experiment, 

in which the hydroxyl hydr·ogen Has replaced by deuter•ium. The base 

peak then shifts one mass unit higher. The small peak tHo mass units 

lower than the base peak is probably due to the isoquinol inium ion ~-' 

formed from 88 by C-C bond cleavage follm.,red by the loss of one hydrogen 

from the isoquinoline moiety and rear>r·angement of another or by loss cf 

two hydrogens from 90 . Bo-t:h ions, 90 2nd~ ' are charac terist ic of 
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many isoquinoline alkaloids. The same bond rupture with charge reten

tion by the other portion of the molecule leads to ion ~2) m/e 163, 

which upon losing CO yields ion~' m/e 135. These ions are too small 

to be of any diagnostic value. 

68 

On the high mass end, the M-CH 3 ion shows a constant intensity 

relative to the molecular ion ((intensity of M-CH 3 )/(intensity of M) is 

about 1.4.,.-1.7), which indicates that the source of the methyl radical 

must be from a common structural unit, presumably the N-CH 3 group. In 

dihydrofumariline (~),the only source of M-CH 3 ion is the methyl group 

attached to the nitrogen atom. Thus, it is assumed that the methyl 

group at nitrogen is lost quite r·eadily upon electron impact. The 

reason for this is not clear. 

The M-31 peak is observed in all three cases and its composition 

has been determined as 01-0CH 3 • In 67 and §.§_, this ion may be attributed 

to the loss of OCH 3 from the substituent in ring A. In~' however, the 

ion, M~31, can only come from another source. A reasonable speculation 

about its formation is that ion ~ expels a neutral fragment CHzO and 

a radical H· to form lon 89. As will be seen later, ion 89 occurs in 

most, if not all, of the spirobenzylisoquinoline compounds with oxygen

ated substituents in the five-membered ring. It may be that ions 89a 

and 89b also contribute significantly to the M-31 peak ln 67 and §.§_, 

respectively. 

A small ion, fourteen mass units higher than the base peak, has 

been found to contain one nitrogen and three oxygen atoms. The structure 

of th~s ion will be discussed in a later section . 
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369 

368 

354 

338 
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220 
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TABLE V 

Compositions of theMajor Ions in the Mass Spectra 
of fumaricine C...§2_1 ~ ?umari.tine (~l and Dihydrofumariline (.69) 

Furnari cine Furnari tine Dihydrofumariline 
Composition m/e Composition m/c Composition 

C21 H23 N0 5 355 C2oH21NOs 353 C2oH19NOs 

C21H22N05 354 C2oH2oN05 339 c1 gH17NOs 

C2uH2aNOs 340 c19H18N0 5 338 C19H16N05 

C2oH2oN04 326 C19H2aN04 322 C19H16N04 

C19H2oN04 324 C19H1.8NOI+ 204 C11 H1 0N0 3 

C12H14N03 322 C19H15N04 190 C11H12N02 

Cl 2HJ 6N02 206 CJ.lH12N03 188 C11 H10N0 2 

C12H14N02 192 C11Hl4N02 

C11 H12N0 2 190 Cn Hl2N02 

177 C1oHllN02. 

m 
lD 



The compositions of the fragment ions of ~' 68 and 69 are 

listed in Table V. 

Mass Spectrum of Fumariline _(~) 
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The spectrum of fumariline (~),Figure 13, is distinctly differ 

ent from that of ~' ~' and ~· It does not show an intense peak 

corresponding to ~' since there is not a r eadi l y available hydrogen to 

facilitate the process for its formation. The isoquinolinium ion, 

m/e 188, however, lS still discernib l e in the spectrum, since a process, 

in which hydrogen is lost and undergoes rearrangement in the isoquino

line moiety, is still feasible . The base peak now appears at m/e 322. 

High resolution mass spectrometry has shown that this peak is a. singlet 

and that it corresponds in composition to C1 gH 15N04. It is apparently 

formed by loss of CO followed or preceded by l oss of H. In the absence 

of a l abelling experiment, the hydrogen is assumed to come from H-9 , 

and the process proposed for the formation of the base peak, i on 89c, 

is shmm in Scheme 3 . 

Ion 89c is expected to be an extremely stable species , since it 

i s an even electron ion and the double bonds are fulJy conjugated. It 

is not surprising to find that this species is also found in dihydro

fumariline, sibiricine, ochrobirine , and other compounds of this type 

(vide infra) . 

Upon l oss of a molecule of formaldehyde from the methylenedioxy 

group, a process which is not very favo:('abl e but feas ible ( 126), the 

ion 89c yields an ion at m/e 292, •,.,rhich decomposes further to give a.r. 

ion at m/e 26U . Si nce ~hese processes are not favorable energetically, 
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the peak intensities are small. A peak corresponding to M-CH3 at m/e 

336 is small but observable in the spectrum. The source of this methyl 

radical i s probably the methyl group attached to the nitrogen atom . 

VI. 

The compositions of the fragment ions of 66 are shown in Table 

TABLE VI 

Compositions of the i'1ajor Ions i n the Mass Spectrum 
of Fumariline (66) 

m/e Composition m/e Composi tion 

351 292 

336 264 

322 188 

Mass Spectra of Fumarophycine and Diacet y lfumarit ine 

73 

Fumarophycine, an alkal oid isolated from ?umaria officinalis of 

Bulgar i an origin by Mollov et al. (127), has been shown to have the 

structure 95 (128). Hhen fumaritine or fumar ophycine i s treated with 

acetic a nhydride and pyr i dine the diacet yl derivative 96 is obtained . 

The mass spectra of 95 and 96 are r ecorded in Figure 14. 

9 5 R= H 

96 R=CHrCO 
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Introduction of an acetyl group to fuma.ritine alters the 

fragmentation pa.ttern greatly . The base peak, ion ~' in this spectrum 

now arises from the expulsion of the acety l radical as shown in Scheme 

4. Ion 98 can again lose (CHO+H) to for·m the stable ion 89b . 

The characteristic dihydroisoquinolinium ion of fumaritine can 

still be observed, but in much reduced intensity . Hydrogen could be 

transferred from the acetyl hydrogen with concomitant expulsion of a 

molecule of ketene and a.nother neutral fragment to form the dihydro

isoquinolinium ion 90b, as illustrated in Scheme 4. Since the pr•oces s 

involved a hydrogen transfer from methyl rather than from the hydroxyl 

group, this ion is not as intense a s in the case of fumaritine . It is 

also possible to form fumaritine first by loss of ketene and then 

transfer hydrogen from the hydroxyl group. 

Hhen a molecule of acetic acid is expelled from the molecular · 

ion, ion 99 is presumably formed . Charge localization or! the aromat ic 

ring may facilitate the expulsion of the methyl group from the ion 99 

to form ion 100, •xhich :nay then decompose by a retro-Diels-Alder 

process to form ion 101. 
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An alternative speculation about the genesis of these ions comes 

from an examination of the spectrum recorded at higher t emperature, 

about 250 °C. Under these conditions, the only observable peaks in .the 

high mass range are m/e 337 , 322, and 279. Presumably, thermal elimin

ation of the acetic acid occurs at high temperature and subsequent 

electron impact produces ions~' _!DO, and 101. It is not known whether 

this process also occurs at 150°C, which was the temperature used to 

recm."'d the s pectrum of fumaropbycine. 
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TABLE VII 

Compositions of the Major Ions in the Mass Spectra 
of fumarophycine (95) and Diacetylfumaritine (96) 

Fumarophycine Diacetylfumaritine 
m/e Composition m/e Composition 

397 C22H23N05 439 Cz4HzsN07 

354 CzoHzoNOs 397 C22H23N06 

337 CzoHlgN04 396 CzzHzzN06 

324 C19Hl8N04 366 CzlHzoNOs 

322 c19H16N0 4 354 C2oH2oNOs 

279 C17H1r04 337 C2oHrgN04 

192 CllH14NOz 336 CzoH1sN04 

190 C11H12N02 322 C19H15N04 

164 C9H803 324 c13H16N0 3 

206 C11 H10o4 

192 C11 H14N0 2 

190 c11H12No 2 

164 C9H8o 3 
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Vlhen an acetyl gr·oup is attached to the molecule of fumarophycine, 

peak shifts are obser'ved. Since ketene is one of the stable and favored 

neutral departing species in acetate esters, ions with acetyl groups 

can expel ketene. Thus, ions ~' 99_, 891, and 90b, and their acetyl 

anal8gues at m/e 396, 379, 366, and 234 are all observed in the spectrum 

of 96. Since the carbon skeleton of 95 and~ are the same, their 

fragmentation patterns will be similar. That is indeed the case. 

The compositions of the major fragment ions of fumarophycine 

and diacetylfwnariTine are shown in Table VII. 

Synthetic !1odel Compounds 

During the study of alkaloid F~38 (vide infra), model compounds 

were prepared in order to gain fu~ther insight into the fragmentation 

of compounds with the spirobenzylisoquinoline skeleton. A description 

of their synthesis follows. 

In 1968, Kametani et al. (129) reported the condensation of 

3~hydroxy-4-methoxyphenylcthyl amine with ninhydrin to form a compound 

which he named 3-hydroxy -2-methoxyochotensinan-8,13-dione. When, 

however, in this laboratory the amine hydrochloride was used in the 

condensation with ninhydrin, a different product was obtained. The 

pink semicrystalline solid could not be purified easily through 

recrystallization as reported. Accordingly, without further purification, 

the solid was methylated with diazomethane and recrystallized from a 

small amount of methanol. Yellow prismatic crystals were obtained. 

The infrared spectrum showed no hydroxyl absorption, but two absorp-

tions in the carbonyl region at 1700 and 1745 cm-1 • The 60 MHz p.m.r. 
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spectrum, Figure 15, shovls 2 methoxyl signals at 3. 28 a;nd 3. 738, one 

singlet of area 2 at 6.86o corresponding to ti'lo aromatic protons in 

ring A, a multiplet of area 4 in the region 7.7.,..8.18 arising from the 

protons in ring D and signals from the remaining protons in the range 

2.5.,..3.56. When the spectrum was run on the 220 MHz instrument, the 

aromatic signal at 6.868 was split into a well defined AB quartet with 

a coupling constant of 8 Hz (see inset Figure 15). It is clearly 

demonstrated that during the condensation of ninhydrin and 3-hydroxy-

4-methoxyphenylethylamine under our conditions cyclization took place 

at the carbon ortho rather than para (129) to the hydroxyl group. The 

structure of the product must be 102, Scheme 5. 

In the interim, Manske and Ahmed (130) reported the synthesis 

of an analogue of ochrobirine in high yield. They simply treated 

3,4-methylenedioxyphenethylamine Hith ninhydrin in absolute ethanol at 

low temperature, and were able to isolate pure para cyclized product 

107, which was later transferred into 108, the analogue of ochrobirine, 

by successive methylation and sodium borohydride reduction. 
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In order to simulate this reaction, 3,4-dimethoxyphenethy.lamine 

was condensed with ninhydrin at ice-water temperature. The product 109, 

bright yellow crystals, melted at a different temperature from 10~. 

The p.m.r. spectrum of 109 showed a pattern similar to 103 with the 

exception that two singlets at 5.91 and 6.658 appeared in the aromatic 

region replacing the AB quartet of 103. Apparently, the cyclization 

occurs at the para position in this instance as shown in Scheme 5. The 

signal at 6.658 is broader than the other singlet, presumably because 
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of benzylic coupling to H-5. The same situation has also been observed 

in the spectrum of sibiricine (66) in which two singlets, one at 6.54, 

the broader signal, and one at 6.046, were assigned to H-4 and H-1, 

respectively. 
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Hhen compound 103 was methylated with formic acid and formalde

hyde and reduced with sodium borohydride, two major products were 

detected on thin layer chromatography (T.L.C.). The two major compounds 

were separated by thick layer chromatography and subjected to spectro

scopic investigation. Both products, 1Q2 and 1_06, were dihydro 

compounds as shown by their mass spectra. The i.r. spectra of both 

compounds show both hydroxyl and carbonyl absorption. Apparently~ only 

one carbonyl group was reduced in this reaction, possibly because of 

steric hindrance. When one of the 8arbonyl groups is reduced, the 

interaction between R1 and OCH3 at C-1 (see 105 or 106) may be such 

that this OCH3 group is forced to sit behind the remaining carbonyl 

group. The interaction between R2 and. N...CH3 may fo~ce th(~ N·-methyl 

group to stay in front of the carbonyl group. As a result, the 

car•bonyl group is not readily accessible to hydride attack under mild 

reaction conditions and only dihydro compounds, 105 and 106, are obtained. 

The assignment of stereochemistry to 105 and 106 is based on two 

facts. Firstly, on T.L.C. plates compound 105 has a higher Rf value 

than that of _1-..2_§_, indicating that the latter is adsorbed more firmly 

on the surface of the silica gel. Since hydrogen bonding in 105 may 

reduce the interaction between adsorbent and compound (131), it moves 

faster on T.L.C. Secondly, when the p.m.r. spectra of both compounds 
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are compared, as shown in Figures 16 and 17, the only significant 

difference is the signal at 5.086 in 105 and the yery broad signal 

centred at 5.266 in 106. These signals are assigned to the C-9 protons 

in each case. Analogous signals have been observed in ocrrobirine (107), 

in which the broad signal at 5.426 was assigned to the proton at H-14 

on the same side of the plane as the N-CH3 group while the sharp singlet 

at 4.886 was assigned to H-9 which is on the opposite side of the ring. 

Thus, the stereochemistry of 105 and 106 is confirmed. 

When 109 was reduced Hith sodium borohydride one major compound 110 

was detected on T.L.C. The molecular ion peak in the mass spectrum 

appears four mass units higher than in 109, jndicating that both 

carbonyl groups are reduced in this instance. Since there is less steric 

hindrance present in this molecule, both carbonyl groups are accessible 

to hydride attack. 

!1ass Spectra of ..!.22_ and !Q.§_ 

The spectra of 105 and 106 are nearly identical but vary slightly 

in peak intensity. Although the substitution pattern in ring A is 

different from that of the natural alkaloid, sibiricine, the basic 

carbon skeleton is still the same and, therefore, can be used as a model 

to gain a better understanding of the fragmentation mechanism of this 

series. The spectrum of 105 is recorded in Figure 18. 

The base peak is the molecular ion peak, reflecting the 

stability of the molecular ion. Most fragments result from the cleavage 

of the two benzylic bonds which are S to the nitrogen. When the bond a 

to the hydroxyl group is broken, ion 111 is formed. The decomposition 
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of 111 will follow a process analogous to that in the fumaricine series 

(109) to give the ions, 114 and 11_?_. Ion 1:1.4 ca'-1 lose tHo CH3 radicals 

and CO successively to give ions m/e 191, 176, and 148, respectively, 

as shown in Scheme 6. The .intensity of ions 114 and 115 are nearly 

alike Hhereas in the corresponding ions of fumaricine, the ion of higher 

mass is much more intense. 

If the benzylic bond a to the carbonyl is broken, the product 

ion can be represented as 111'. The expulsion of a molecule of CO and 

an OH radical from 111'yields the stable ion 116, a moderately intense 

peak. From the information available, it is hard to determine whether 

this is a concerted or a stepwise process. The process, hoHever, is 

most likely similar to that described for the genesis of the base peak 
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in the spectrum of fumariline in Hhich hydrogen instead of a hydroxyl 

radical is expelled. The ion structure should be similar, as represented 

in 116. 

In the high mass range, there are a series of small peaks 

corresponding t9 the loss of small fragments, such as CH3, CH30·, OH·, 

and CO from the molecular ion. Several seouences of decomposition are 

likely to occur in the manner shoHn in Scheme 6. It has been shoHn that 

ion m/e 237 contains no nitrogen. This ion may possibly come from the 

retro~Diels-Alder decomposition of ring B of the ion of m/e 280. 

A moderately intense peak at m/e 220 has been shoHn to have the 

composition C12H14N03. It, therefore, comes from the isoquinoline 

moiety. THo possible mechanisms are proposed as shoHD in Scheme 7. 
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J:n the first mech~nism na", ion 1-11' can gjve rise to ion 117 

through electron transfer and hydrogen rearrangement with concomitant 

expulsion of the methyl radical from the nitrogen . The alternative 

route "b" involves the expuls ion of methyl r•adical fr•om the nitrogen 

atom to form an intermediate ion 118, which then shifts the positive 

charge to oxygen to form the daughter ion 117 1
• Both processes involve 

the loss of methyl radical from the nitrogen atom and there is evidence 

to support this speculation . In the spectrum of dihydrofumariline, the 

M~CH3 ion has an intensity of 38% of the base peak which indicates that 

the loss of the methyl group acc~rs readily in the sp irobenzylisoquinoline 

system. In the absence of any further evidence, both processes are 

possible . 

f I ons of type 117 or 117 occur widely in the spectra of the 

spirobenzylisoquinoline compounds Hith hydroxyl groups in the five-

membered ring, and can be used for diagnostic purposes. The intensity 

of this ion, however, is very small in the spectra of furr.aritine, 

fumaricine and dihydrofumariline, and care should be taken to identify 

this ion . 

The compositions of the major ions of 105 are show-n in Table 

VIII. 

Mass Spectrum of Sibiricine (119) 

The spectrum of sibiricine is recorded in Figure 19. 

The benzylic cleavage of the molecular ion may give either 120 

or 120t, both of Hhich may decompose further to give a series of peaks 

similar to those from 105. Ioo 120 1 can decompose by loss of CO and OH 



TABLE VIII 

Compositions of the tvlajor Ions in the Mass Spectrum of 105 

m/e Composition m/e Composition 

339 C2oH21N04 264 C17H14N02 

324 c19H18N0 4 263 C1 8H17NO 

308 C19H1sN03 237 C 15H1302 

296 C1sH1sN03 220 C12H14N03 

294 c19H20 No 2 206 C12H15N02 

280 C1sH1sN02 204 C12H14N02 

278 C1sH15N02 1.90 C11H12N02 

265 C17H1sN02 1.76 c 1 oH1 oN02 

to give 122, which loses CH20 and CO successively to yield ions m/e 292 

and 264, respectively. Ion 120 can give rise to the dihydroisoquino

linium ion m/ e 190 and the smaJ.l isoq'JinoliDium io,1 m/e 188 . 

Ion M-CH3 has an intensity a~out 30% of the base peak and 

presumably, the methyl group attached to the nitrogen is lost. 
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Ion M-CHO may be derived from the loss of the CHO radical from 

the methylenedioxy group . Further decomposition of this ion can give 

rise to ion m/e 295 by expulsion of the neutra l fragment, CH2=N-CH3, 

from ring B. 

An intense peak, fourteen mass units higher than the dihydro

i soquinolinium ion, has been shown again to have one nitrogen and three 

oxygen atoms.· The genes is of this ion , 1 21 or 121
1

, must be the same 



322 

1~ I 
' 

204 

I 
I 295 

IIIII 
I 

II 
'"' 

,,,, 
II 

266 
Ill II 

140 16o 180 200 220 240 260 280 3)0 320 

Figure 19 . Mas s s pectrum of s ibiric ine (119) 

352 
338 I 
I 

I 

II II 
340 360 

1367(M') 

I 
I 
I 

I 
I 
I 

I 
I 

II 
380 

lD 
10 



/ 

H 

120
1 

1- (CO+OH) 

122 
(m/e 322) 

H 

m/e 1 9 0 , m/e 1 88 

/c~aH 
H 

12f ( m/e 2 0 4) 121 

-CH20 ~. 29 ~ -CO 
~ m;Q t. m!e 2 6 4 

Scheme 8 

9 3 



as that of 117 or 117 1
• The fragmentation pattern is shown in Scheme 8 

and the composiTion of major ions is shown in Table IX. 

TABLE IX 

Compositions of the Major Ions in the Mass Spectrum of Sibiricine (119) 

m/e Composition m/e Composition 

367 C2oH17N05 264 C17H14N02 

352 Cl9H14N06 204 C11HloN03 

338 C19H16NOs 190 C11H12N02 

336 C19H14NOs 188 C11 H10N0 2 

322 C19H16N04 177 CgHs04 

310 C1sl-I16N04 174 C1oHsN02 

295 C17H11os 149 CgHg02 

292 C l8H14NO 3 149 C8H50 3 

266 c16H1o04 

In conclusion, the spectra of 105 and 119 bear many similar

ities. Both have the molecular ion peak as the base peak, an intense 

94 

M ...... (CO+OJ-1) ion, a dihydroisoquinolinium ion peak , and an ion of type 121. 

All are recognized readily and are quite diagnostic. Thus an examination 

of a model compound can be of great help in interpreting the spectrum 

of a more complicated natural alkaloid. 
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~1ass Spectra of !Q_§_, 11_~, and Ochrobirine (123) 

Mass spectra of 108, 110, and ochro1irine are recorded in 

Figure 20. 

When there are t Ho hydroxyl groups in the five~membered ring, 

the spectra sh;w a pattern distinct from that of sibiricine. The parent 

peak is only 10 per cent of the base peak or even less, while in sibir

icine it is the base peak. The dihydroisoquinolinium ion is still 

present but in reduced int ensity. The M-H20 and the base peak (M-CH302) 

may be formed in the processes shown in Scheme 9. 

The loss of H20 from 124 leads -to the more stable radica.l 125, 

in which the radical centr e is benzylic and also conjugates to the 

immonium ion. The M-H20 peak may also come f r om the molecular ion 

directly to form ion 125 '. The base peak, ion 126, can be derived either 

from 125 by losing a CHO r adical or from 124 by concerted elimination of 

the neutral fragment, CH 20 and the OH radical. 

The latter process is analogous to the elimination of (CO+OH) 

from sibiricine, in which no M-OH ion peak can be detected. The course 

of further decomposition of 126a, 126b, and l26c is differ'ent, each 

depending on the subs t ituents either in ring A or in ring D. Ion 126a 

loses a CHO radical followed by expulsion of CO to give small peaks at 

m/e 249 and 221, while ion 126c can lose either CHO or CH20, presumably 

from different rings, to yield ions at m/e 293 and 292, each of which is 

capable of losing a molecule of CO to produce the respective ions at m/e 

265 and 264. The situation is quite different in )26b, where two 

methoxyl groups are in ring A, the ejection of the stable neutral 
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TABLE X 

Composition~ of the Major Ions in the Mass Spectra of~' 110 and 123 

108 110 123 
m/e Compos it ion m/e Compos ii: ion m/e Composition 

32_5 C1 9H19N04 327 c1 9H21 N04 369 c 20H19N0 6 

310. c18 B1 6N0 4 309 C19H1 9_N03 35.4 c19H16N0 6 

308 C1 9_H18N0 3 29.2 c19H18N0 2 352 c2_oHlsNOs 

307 C1 9H1 7N0 3 281 c18H19N0 2 351 CJ7H2aNOs 

292 c 18H14N0 3 280 C1sHJsN02 322 c19H16NOt+ 

278 C1 8H1 6N0 2 266 Cl7HJ6N02 321 C19H1sN04 

261+ c17H14N02 265 c17H15N0 2 308 ClsHJ4N04 

249. C1 7H1 5NO 264 C17H14N02 307 c18H13N0 4 

204 CJJHJ 0No 3 251 Cl7Hl7NO 294 clsBJsN03 

190 CJJHJ 2N0 2 250 Cl7Hl6NO 293 c18H15N0 3 

188 CnHloN02 192 C ll Hl4N02 292 ClsHJ4N03 

175 CllH1102 190 Cl1H12N02 265 C17H15N0 2 

175 C1 0H9N0 2 264 C17H14N02 

174 c 10H8N0 2 250 C l6H12N02 

204 CuHloN03 

190 CllHl2N02 

188 CnHloN02 

lD 
co 
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fragment, CH20, to give an even electron ion seems to be a favorable 

process. The daughter ion peak, m/e 250, is quite intense. In the high 

mass range, when R3 =CH3, t here is a small peak corresponding to M-CH3. 

There is also a peak corresponding to M-(CH3 + H20 ), which can be 

derived either from ion M-C H3 by losing OH2 

losing CH3 radical. 

,_:::9 . or from ion · H-O~by 

In the spectra of 108 and 123, there is a small peak fourteen 

mass units higher than the dihydroisoquinolinium ion and its composition 

has been determined to be C11HloN03. The formation of this ion will be 

simila~ to that in sibiricine and therefore has the structure 121 or 

121 t. 

The composition of major ions of 108, 110, and 123 are shown 

ln Table X. 

In summary, the spectra of these three compounds are quite 

characterstic and can be recognized quite readily. The dihydroiso

quinolinium ion will reveal that the alkaloid in question is an iso

quinoline one, and the base peak, M~(CHO + H20) will show that it is of 

the ochrobirine type. Thus, mass spectrometry can be used to identify 

the carbon skeleton of these compounds . 

In 1938 Manske (132) isolated and identified several iso

quinoline alkaloids from the plant, Fumaria officinalis L. Among these 

were protop:ine, cryptopine, ±. stylopine, + and ± scoulerine, and sinactine. 

Besides these alkaloids of established structure, he reported the 

presence of two new alkaloids, F-37 CC21H23NOs) and F-38 (C2oH1gNOs). 



Two minor alkaloids were found later (1 33 ) i n the same p l ant corres~ 

pending in composit ion to c20 H21 N05 and to c20 H17 N05 , which were named 

fumarit ine and fumariline, respectively. Th ese alkaloids and F-37, 

fumaricine , have been s hown to have a spirobenzylisoquinoline system 

(109). In this section the structure of F-38 will be reported . 
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F-38 has absorpt i on ascribed to a hydroxy l (3450 cm- 1 ) and a 

carbonyl (1700 cm-1) group in its i.r . spectrum . An examination of its 

100 MHz p.m . r . spectrum in DMSO-d5 , Figure 21, shows one s inglet of 

area one at 8 . 65o, which is assign'2d to a 9henolic hydroxyl proton, 

since the chemical shift of this signal is lower than normal for aromat ic 

protons . A total a r ea of seven protons is observed in the region 6-7 . 56 . 

One AB quartet centred at 7 .18 and 7.360 (JAB= 8 Hz) is ass igned to ortho 

aromatic protons and a signal at 6 . 26<5 Hith an area of t wo to methylene

dioxy protons. The three remaining s inglets , two of wh i ch are probably 

due to para aromatic protons and one to an a lcoholic OH, are at 7.24, 

6 . 68 and 6 . 298 . A methoxyl signal at 3.806 is apparent in the spectrum. 

A signal at 4.338 (area 1) is probably due to a benzylic hydrogen geminal 

to a hydroxyl group. One of the disadvantages of the p.m .r. spectrum 

in DMSO -d5 is the int ense signal, aris ing from undeuterated m1s0 , around 

2.5o wh ich int erferes Hit h the signals derived from the compound . 

Unfortunately, F-38 is only slightly soluble in CHC1 3 and therefore a 

spectrum in CDC1 3 could not be obtained. 

When f-38 was treat ed with diazomethane, f-38 methyl ether 129 

was obtained. The p.m .r . spectral data of F~38 methyl ether in DMSO-d0 

and CDCl 3 are given in Table XI. In DMSO-d 5 , the appearance of one 
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TABLE XI 

The P.rr..r. Signals of 1_2~, ~~' and 130 in P . p . m. ( o ) 

125 129 129 130 
(in DMSO-d6) (in Dl'1SO-d5) (in- CDC l 3) (in CDC l 3) 

H-1 7.24 7.41 7.29 7.30 

2....0RJ 8 . 65 3.87 3 . 93 3 . 92 

3..,-0CH3 3 . 80 3.81 3.87 3.84 

H-4 6 . 68 6 .75 6 . 61 6.53 

7-N-CH3 2.53 2 . 63 

12, 13 
0""" 

6 . 26 6.28 6 .18 6 .12 / CH2 
0 

H-1 0 7 .18 7.21 7.13 7.09 

H,-1 1 7 . 36 7.38 7.13 7. 09 

H-9 4.33 I+. 33 4.45 4.98 

9..,..0R2 6 . 29 6.44 6 . 18 2 . 22 

R20. H 
·. 128 R1 =R2=H 

5 129 R1 =CH3, R2=H 

130 R1=CH3, R2=CH3-CO 

R1 
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additional methoxyl signal at 3 . 876 and the disappearance of the 

signal at 8.656 confirms that one phenolic hydroxyl group is present in 

F~38. In the region 6-7.56, one AB quartet, one methylenedioxy, and 

three singlets are still observable . A signal corresponding to the 

benzylic hydrogen geminal to a hydroxyl group stays at 4.336. When 

deuterium oxide was added to the solution of F-38 methyl ether in 

DMSO -d6 , the signal at 6 . 446 disappeared . Thus, this observation 

provides convincing evidence for the presence of an active hydrogen in 

the molecule , presumably, a hydroxyl hydrogen. 

When the p .m.r . spectrum of F-38 methyl ether was run in CDCl3 , 

Figure 22, a signal appeared at 2 . 536 (area 3), which was obscured in 

the spectrum in DMSO-d 6 , and is assigned to anN-methyl group . 

In order to confirm the p1'ese::1ce of one hydroxyl group in the 

molecule, F-38 methyl ether was acetylated with acetic anhydride and 

pyridine . The p . m.r . spectrum of acetylated F-38 methyl ether 130 in 

CDC1 3 shows an acetyl group signal at 2 . 226. The signal assigned to the 

benzylic hydrogen geminal to the hydroxyl group shifts from 4 . 45 in F-38 

methyl ether do;..rn to 4 . 986 in the acetylated compound . In the region 

6~7.56, a signal at 7.09 (area 2) is assigned to two ortho protons, a 

signal at 6 . 12 (area 2) t o the methylenedioxy, and signals at 7.30 

(area 1) and 6.53 (area 1) to two para a.romatic protons. These data 

I . I · 
suggest clearly that a unit, - y-CH(OH) - y- is present in the molecule of 

Although i.r. and p.m.r. data reveal much information about the 

functional groups and the structural units, the skeleton is still unknown. 
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Since f~38 occurs in the same plant as fumaricine, fumariline and 

fumaritine, it may be struct~rally related to these alkaloids. Its 

properties preclude it belonging to the protoberberine, phthalide 

isoquinoline or the protopine groups. Hhen the mass spectrum of F-38 

185 

is compared with those of the spiroisoquinoline group found in the same 

plant, definite conclusions cannot be drawn about its structure. Hhen, 

however, the spectra of sibiricine and F-38 were compared, there appeared 

a remarkable similarity. Both compounds show the molecular ion peak as 

the base peak and most of the intense ions occur in the high mass end 

and in the region between m/ e 140-200. !1oreover, many peaks character

istic of a spiroisoquinoline with a ketone and a hydroxyl group in the 

five'"'membered ring are present in F-38. It is, therefore, reasonable 

to assume that both compounds have the same carbon skeleton. The 

substitution pattern can be deducsd from the presence of the dihydro

isoquinolinium ion m/e 192, which shous that one hydroxyl and one 

methoxyl group, must be present in ring A. Ther·efore, the methylenedioxy 

group must be in ring D. 

The spectral data suggest the structure 127, bu·t for the assign

ment of stereochemistry and the substitution pattern further p.m.r. data 

is required. 

In alkaloid F-38, the chemical shift difference of the aromatic 

AB quartet (cB~=7.18, cHB=7.36) indicates that the carbonyl is ortho to 

the methylenedioxy group. In those compounds, in which the carbonyl 

group is ortho to the aromatic protons, the chemical shift difference 

betHeen tHo adjacent protons is much larger. For example, a difference 
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of 0.4 ppm is observed in sibiricine because of the strong deshielding 

effect of the carbonyl function on the ortho proton. The substitution 

in ring D has been confirmed by an NOE experiment, in which an NOE of 

9% is observed at H-10 when H~9 is saturated (see 128). 

The establishment of the substitution pattern in ring A is 

based on the following NOE experiment. Saturation of H-9 causes a 4% 

increase in area of the absorption at 7.24o which must be assigned to 

H-1, while saturation of the O-CH3 results in an increase in area of 
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2596 at 6. 68o, presumably H-4. These data suggest that the hydroxyl and 

methoxyl groups in ring A ar·e at C-2 and C-3, respectively. The 

structure of F~38 is sho~~ in 128. Further evidence for the stereo

chemistry at C-9, as shown in 128, comes from the zero increase in area 

of H-9, when the N-CH3 is irradiated. If H-9 and N-CH3 were on the same 

side of the plane of the five-membered ring, a large NOE would be 

expected. Thus, NOE data establish the stereochemistry at C-9. All the 

NOE data are given in Table XII. 
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TABLE XII 

Nuclear Overhauser Effects in 128 

Irradiated Observed % Area Internucle§r 
protons protons increase distance (A )•': 

H~9 H~1 4 3 . 35 

H~9 H- 10 9 2.88 

H~S H-9 16 2 . 65 

N-CH 3 H- 9 0 

0-CH 3 H-4 5 

•': As measured from a Dreiding ~1olecular l-1odel. 

1 3 2 133 
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An unusually l arge NOE is observed between H~9 and H-5 . Also 

the chemical shift of H-1 is further downfield than in related alkaloids, 

e . g . sibiricine and fumariline . All the above facts can be explained 

by the conformation as shm-m in 13~, in which ring B is in a twist 

conformation a~d the OH is hydrogen bonded to the nitrogen . The 

hydrogen bonding to the ni trogen causes the five - membered ring to be 

twisted such that the carbonyl group is closer to ring A with H-1 in 

the deshielding zone . H- 9 is also forced to be closer to H-5. No such 

effect, however , is obser ved in sibiricine , where the sTereochemistry 

at C~9 is different . Thus, the structure 128 is fully compatible with 

the mass spectral, i.r . and p .m . r . data . 

One other piece of evi dence support i ng the proposed strucTure of 

F~38 comes from the u.v. spectrum . The reported u.v. spectrum of 132 

(134), v max (E tOH ); 23 7 (1+.52f':, 292 (4 . 13), and 310 ( 4 . 01), is simi lar 

to that of s i1iricine, v max ( EtOH); 205 (4 . 80) , 240 ( 3 . 9L~ ), 291 ( 3 . 91 ) 

and 313 ( 3 . 99 ), but differs greatly from that of F-38 methyl ether, 

v max ( EtOH); 208 (4 . 45 ) , 23 5 .(4 . 35), 259 (3 .96 ), 286 (3.37) and 350 

(3 . 40) . On the other hand, the u.v. spectrum of !_3l_, v max (EtOH); 

234 (4.47), 260 (4 . 08), 283 (3. 60 ) and 354 (3.52), is similar to that of 

F-38 methyl ether. The spectra of 132 and 133 are a composite of two 

chromophoric systems, i.e. t he tetrahydroisoquinoline sys t em and the 

1-indanone system. The absorptions corresponding to the latter chromo

phore are different for different substitution patterns. The resemblance 

~·: Values of l og E max are shown in brackets. 
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of the u.v. sp ec t rum of F~38 methyl ether to that of 133 indicates that 

they have the same chromonhoric system. 

Mass Spectra of F-38 and Its Methyl Ether 

The characteristic ions in the spectra of 105 and 119 should 

also be found in the spectrum of F-38, because all have the same carbon 

skeleton. It turns out that all these ions, though varying in intensity, 

are observed in the spectrum (figure 23). The spectrum is dominated by 

the molecular ion and the M-CH3 ion. Io!ls, 135, the dihydroisoquinol

inium ion (m/e 192) and 136 have been confirmed by high resolution mass 

measurements. The fragmentation pattern is shown in Scheme 10. 

When the spectrum is examined more closely, however, the 

spectrum seems to be more complicated than that of 119. Many additional 

peaks appear in the high mass range, such as M-CO and its subsequent 

decomposition product ions. Multiplicity in the middle of the spectrum 

Cm/e 150-220) appears, as shown in Figure 23. One possible explanation 

for these differences is that the substitution of methoxyl and hydroxyl 

in ring A may increase the probability of the decomposition of the 

molecular ion as well as the fragment ions. Thus, when the expulsion of 

CO from the molecular ion to form io!l 137 occurs, the charge may remain 

in the aromatic ring. 

The retro-Diels-Alder decomposition of 137 can produce ion 138, 

m/e 298. If the fragment C3H7N is lost from 137, ion m/e 284 will be 

formed. The latter process occurs rarely in the mass spectra of iso

quinoline alkaloids and its genesis is still in doubt. In the absence 

of any other information, the proposed process seems feasible, because 
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it involves only t'dO simple bond cleavages with the expulsion of a 

stable neutral fragment, 1~methyl azir i dine. 
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In the high mass range, there is a peak of composit ion C1sH16 NOs , 

corresponding to the loss of CH3CO . Since there is no acetyl group in 

the molecule, the source of this radical may be the aromatic ring. It 

lS well documented that aromatic methy l ethers (11) can lose CH3 and 

CO success ively to g ive a~ ion, M-CH3CO . 

In the region m/e 150 - 200, most peaks are doublets and most of 

them also contain a nitrogen atom as determined by high resolut ion mass 

measurements. The source of these ions must be the isoquinoline moiety. 

The only useful and characteri stic ion in this region is the dihydro

isoquinolinium i on, m/e 192, which is the most intense peak in this area. 

The spectrum of F-38 methyl ether is also recorded in Figure 23. 

In the high mass r ange (above m/e 250 ), all the peaks are fourteen 

mass units higher than the corresponding pAaks in F-38, and the peak 

intensit ies vary little. In the range between m/e 150 and 200, the 

multiplicity of the peaks is much reduced in comparison to that of F-38. 

The peaks at m/e 192 and 206 in f -38 are shifted to m/e 206 and 22 0 in 

F-38 methyl ether. These ions correspond to t he isoquinolinium ion and 

the ion containing one ni tl~ogen and three oxygens . The compositions of 

all these ions has been confirmed by high resolution mass measurements 

as shown in Table XI II. 

In conclusion, the spirobenzylisoquinoline alkaloids with one 

hydroxyl and one ketone group in the five-membered ring give very 

character·istic fragmen t ions. Many small peaks, however, especially in 
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TABLE XIII 

Com_E?sitions of Hajor Ions in the Spectra of F-38 and Its Methyl Ether 

F-38 F-38 methyl ether· 
m/2 Composition m/e Composition 

369 C20 H19N06 383 C21H21N05 

354 Cl9Hl6N06 368 C2oHl8N05 

341 C1 9H19 N05 355 C2oH21NOs · 

340 cl9HlsNOs 354 C2oH2oNOs 

326 C1sH16NOs 340 c19 P.18 No 5 

324 cl9HlsN04 338 C2oH2oN04 

310 C1sH16N04 324 C19H1sN04 

298 c17H140s 312 C1sH1605 

297 C17H13os 311 C1sH1sOs 

284 c15H12os 298 c17H140s 

283 clGHnOs 297 C1sH1704 

206 CnH12N03 297 cl7Hl30s 

201+ CnH1oN03 283 CnH1s04 

192 CnHl4N02 282 C17H14o4 

192 CloHloN03 281 cl7Hl3o4 

190 CnHl2N02 220 C1zH14N03 

190 CloHsN03 206 C1 2H16N0 2 

179 CloHl3N02 204 C12H14N02 

177 CloHg03 204 c11H1oN03 

177 cl oHn N02 193 C1oH11N03 

164 C9H10N0 2 192 CllHl4N02 

164 C9H80 3 192 c11H12o3 

162 CgH8N0 2 178 C1oH1o03 

162 CgH603 178 CloH12N02 

165 CroH1302 

162 CgH603 

162 CgHgN0 2 
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the medium mass range (m/e 150-200), seem very sensitive to the type and 

_position 9f the substituer:ts . Since they c.re small and variable , no 

diagnostic value can be attached to them . 



EXPERIMENTAL 

Apparatus, Methods and Materials 

1-lass spectra were determined on a C .E.C. 21-110B double-focusing 

mass spectrometer. Samples were introduced through a direct inlet 

system. Spectra are plotted in terms of relative abundance, with the 

most intense peak (base peak) taken as 100%. Only those peaks with an 

intensity equal to or greater than 3% of the most intense peak have been 

recorded. 

The high resolution mass spectra were recorded on Ilford Q-2 

photographic plates, which were developed in the usual manner (135). 

The spectra were then recorded on magnetic tape, using a Gaertner compar

ator..,.densitometer linked to a Datex system. They were processed on a 

CDC..,.6400 computer using a modified version of the HIRES program of 

Tinnicliff and Wadsworth (136). 

The p.m.r. spectra were routinely run on a Varian A-60 or Varian 

T~60 instrument in CDC1 3 , using tetramethylsilane as internal standard. 

The 100 MHz spectra were recorded using the frequency sweep mode of a 

varian HA-100 spectrometer. Samples were dissolved in CDCl3 or DMSO-d5 

using added TMS as the internal locking signal. Chemical shifts were 

measured relative to TMS using a V4315 frequency counter incorporated 

in the instrument. Double irradiation was achieved by employing a 

Hewlett-Packard 201C audiogenerator at the desired frequency. 
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A Ferkin~Elmer· 337 Grating Infrared spectrometer was used to ·

record infrared (i .r.) spectra and a Cary 14 spectrometer was used for 

the u.v. spectrum. 

Me lting points >..;ere de~ermin ed on a Kofler hot stage and are 

uncorrec ted. 
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The a l kaloids, caseanadine , cavi dine, apocavidine , fumariline, 

fumaricine , fumaPit ine, sibiricine , cchrobir ine and F-38, and compounds, 

107 and 108, were obtained from Dr . R. H.F. Manske of the University of 

Waterloo . Fumarophycine was obta ined from Dr . N. 11. Mo llov of the 

Bulgarian Academy of Science , Sofia , Bulgaria. 

0-acetylcaseanadine 

Caseanadine (1 0 mg ) was dissolved in acetic anhydride (2 ml) 

and pyridine (0. 5 ml ). The mixture was a.llowed to stand at r oom temper

ature for 12 h. It Has then evaporated to dryness under recluced 

pressure . The residue, after neutralization , was dissolved in ether, 

washed severa l times with aqueous sod i urn •.:::arbonate, and the solution 

dried over anhydrous potassium carbonate. The residue obtained upon 

evaporation of the solvent failed to cry3tallize . Thin l ayer chroma

tography showed only one spot which had a different Rf value from the 

s t arting material. The p.m.r. spectrum, Fi gure 6, demonstrates the 

presence of the 0-acetyl group and clear'ly indicates the absence of 

unacetylated mater ial. The mass spectrum has a molecular ion at m/e 

385 (55) with major fragment ions at m/e 161J. (100) and 149 (53). 

Insufficient material was availabl e for a combustion analysis. Accurate 

mass measurement of the molecular ion gave the following result: 
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Calcd. for C22H2sNOs, 383 . 1'73; found, 383.169. 

7-r·1ethoxy-8"'hydroxy-1 ,2, 3 ,4-tetrahydroisoquinoline-1-spiro-2 1 - ( 1 1 
, 3 1

-

indandione) (102) 

3-Hydroxy-4-methoxyphenylethylamine hydrochloride (940 mg), 

prepared according to the method of Ramirez (137), was added to a 

solution of ninhydrin (950 mg) in absolute alcohol (20 ml). The mixture 

was left at room temperature for 5 days. The solvent was evaporated, 

the r esidue dissolved in hot water, basified with saturated sodium 

bicarbonate solution and extracte:i with chlor-oform. The chloroform 

extract was dried over sodium sulfate and evaporated to dryness . The 

red semicrystalline solid obta :~ned frorr: chloroform-hexane mel ted at 

92 ..,..95°C . The mass spectrum shmved a molecular ion at m/e 309. 

7,8-Dimethoxy-1,2,3,4-tetrahycroi 2oquinoline-1-spiro-2 1
-(1 1 ,3 1 -indandione) 

(103) 

Compound 102 (70 mg) was dis solved in methanol (10 ml) and 

excess diazomethane in ether Has added to the solution which was then 

allowed to stand for 3 hours. The sol vents 'Jere alloHed to evaporate 

and the residue recl'ystallized from methanol . The yellow crystalline 

prisms melted at 158°C. 

Infrared spectrum: 

Found : C, 70 . 6; H, 5. 4 
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7,8 -Dimethoxy-2-methyl-1,2,3,4-tetrahydroisoq~inoline-1 -spiro~2 1 -(1 1 ,3'

indandione) (104) 

Compound 103 (50 mg) was mixed with formic acid (2 ml) and 

for:naldehyde (2 ml ), and heated on a steam bath for 12 h. Water was 

added to the mixture v.:hicb was bas ified vdth saturated sodium bica:rbonat_e 

solution and extracted with chloroform. The chloroform extract was 

washed Hith -wa-ter, dried over sodium sulfate and evaporated to dryness. 

The yellow r esidue ~-ras crystallized from methanol-ether, m.p. 158-9°C. 

Infrared spectrum: vc~o (CHC1 3 ) 1700 , 1745 cm-1 

Anal. Calcd. for C2oH1gN04: C, 71.2; H, 5.6; N, 4.2. 

Found: C, 71. 2; H, 5. 8; N ~ 4. 3 

6,7 -Dimethoxy-1,2~3,4-tetrahydroisoquinoline-1-spiro-2'-(1 1 ,3'-indandione) 

(109) 

The procedure for preparing 109 was similar to that for the 

preparat i on of 107 (1 30 ), :Out 3,4-dimethoxyphenylethylamine ~-ras used 

inst ead of 3,4-methylenedioxyphenylethylamine. The product 109 ~-ras 

recrys-tallized from chloroform-hexane, tn.~. 175-9°C. 

Infrared spectrum: vc~o (CHC1 3 ) 1710, 1750 cm-1 

Anal. Calcd. for C19H17N04: C, 70.6; H, 5.3; N, 4.6 

Found: C, 70.5; H, 5.3; N, 4.6 

6, 7 ~Dimethoxy.,-1 ,2, 3 ,4-tetrahydr'oisoquinoline-1-spiro-2 1 
-( 1 1 

,3 1 -indandiol) 

(110) 

Compound 109 (100 mg) Has dissolved in ethanol and sodium 

borohyd-dde (100 mg) was added . The mixture vlas allo~-red to stand at 



room t emper ature for 2 hours . The solvent -.-;as evaporated , water was 

added, and the mixture v:as extracted vri th ether . The ether· extl'act was 

dried over potassium carbonate and evaporated to dryness. Compound 109 

wa s pur· ified on basic silica ge l by thick layer chromatography and, 

after elution, recrystallized from ethanol , m.p. 176-180°C . 

Infrared spectrum: v
0

H (CHCl3) 356 0 cm-1 

Anal. Calcd . for C19H21N0 4: C, 69.7; H, 6 .4; N, 4.2 

Found: C, 69 . 5 ; H, 6.3; N, 4.3 

Preparation of 105 and 106 
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Sodium bor ohydride (200 mg) was added slowl y to a ~olutionof 

104 (220 mg ) in methanol (10 ml) and the mixture stirred at room temper

ature for 10 h. The solvent v1as evaporated , water (5 ml) was added ar.d 

the aqueous suspens ion was extracted '.vith ether . The ether extract was 

dried over potassium carbonate and evaporated to dryness. The mixture 

was separated by thick layer chromatography on basic silica gel 

(developed in methanol-chloroform 1:20). After the silica gel was 

scraped off and eluted with CHCl3-MeOH, the fast moving fraction was 

crystallized from ethanol to give 105 ( 65 mg ), m.p. 171-3°C. 

Anal. Calcd . for C2oH21N04 : C, 70.8; H, 6.2; N, 4.1 

Found : C, 70.8; 

Infrared spectrum: 

H , 6.2; 

v 
c=o 

N, 4. 3 

( CHCl3) 1705 cm-l 

The slow moving fraction wascr'Ystallized from ethanol to give 

106 ( 67 mg), m.p. 183-6°C. 
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Anal . . Calcd . for c 20H21NO~ : C,70.8 ; H, 6.2; N, 4.1 

Found: C, 7G.7; H, 6.2; N, 4.2 

Infrared spectrum: vc=o (CHC1 3 ) 1710 cm-l 

Methyl ation of F-38 

F-38 (25 mg) was dissolved in methanol (5 ml) and excess diazo-

methane in ether added to the solution which was then allowed to stand 

for 3 hours . · The solvents were allowed to evaporate and the residue 

recrystallized from methanol-ether, m.p. 245-6°C, 

Ultraviolet spectrum: · A (EtOH) 208, 235, 259, 286 , and 
max 

350 m')J; log E: 4. 45 , 3.96, 3.37, and- 3.40. 

Infrared spectrum: vOH (KBr ) 3450 cm-J; v (KBr) 1700 cm-1 
c=o 

Acetylation of F-38 Methyl Ether 

F"38 methyl ether (17 mg) was dissolved in acetic anhydr ide 

(4 ml) and pyridine (2 ml) . The mixture was stirred at room temperature 

under a nitrogen atmosphere for 60 h. The excess acetic anhydride and 

pyridine 1.;ere evaporated under reduced pressure , the residue triturated 

in aqueous sodium carbonate, and the suspension extracted several times 

with chloroform. The chloroform extract was dried over sodium sulfate, 

and evaporated to a residue which could not be induced to crystallise 

but on an analytical thin layer plate it showed only a single spot. The 

mass spectrum showed a molecular · ion at m/e 425. Insufficient material 

was ~vailable for a combusti6n an~lysis. 



SUMMARY 

The structure of three new tetrahydroprotoberberine alkaloids) 

caseanadine, cavidine, and apocavidine have been determined. The 

characteristic fragmentations of their mass spectra reveal the basic 

carbon skeleton of these alkaloids. The p.m.r. data have been used to 

determine their substitution pattern in the rings. 

The mass spectra of several spircbenzylisoquinoline alkaloids 

have also been examined. It has been shown that the fragmentation 

pattern is affected mainly by the substitution pattern in the five

membered ring. When there is only one hydr'oxyl group in the five

membered ring, e.g. fumaricine, the base peak ion is the dihydroisoquin

olinium ion which is derived from benzylic bond cleavage followed by 

hydrogen rearrangement and another benzylic bond cleavage. If a carbonyl 

group is present in the five-membered ring, e.g. fumariline, the molecular 

ion will expel a molecule of carbon monoxide and a hydrogen radical to 

form a tetracyclic ion, 89c, as a base peak ion. In the case of ochro

:tsirine~type compounds, in which there are two hydroxyl groups in the 

five-membered ring, the molecular ion is usually very small. The base 

peak ion of these compounds is derived from the molecular ion by 

expulsion of a molecule of formaldehyde and a hydroxyl radical. In 

still another type, e.g. sibiricihe, in 1,rhich one hydroxyl and one 

carbonyl group are attached to the five-membered ring, the base peak 

is the parent peak. These differences in the mass spectra provide a 
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convenient way to differentiate the different types of alkaloids. 

A new alkaloid, F-38, has been found to have the same character

istic fragments in the mass spectrum as that of sibiricine. The final 

structure of F-38 (128) has been resolved by a combination of spectro

scopic methods .. 



REFERENCES 

1. w. Wien, Ann. Physik., ~' 440 (1898). 

2. J. J. Thomson, Phil. Mag., ~' 225 (1911). 

3. A. J. Dempster, Phys. Rev., 1}_, 316 (1918). 

4. F. W. Aston, Phil. Mag., ~' 707 (1919). 

5. R. W. Kiser, !!Introduction to Mass Spectrometry and Its 
Applicatio'"lsn, Prentice-Hall, Inc., EngleHood Cliffs, N.J., 
1965. 

123 

6. J. Roboz, !!Introduction to · Mass Spectrometryn, John Wiley & Sons, 
Inc., New York, N.Y., 1968. 

7. A. 0. Nier, Rev. Sci. Instr., 11, 212 (1940). 

8. G. IV. A. Milne, Quat. Rev.,~' 75 (1968). 

9. J. H. Beynon, Advances in Mass Spectrometry,!' 328 (1959). 

10. K. Biemann, Pure and Appl. Chern.,~' 95 (1964). 

11. H. Budzikiewicz, C. Djerassi, and D. H. Williams, "Mass 
Spectrometry of Organic Compoundsn, Holden-Day, Inc . , San 
Francisco, Calif., 1967. 

· 12. K. Biemann, P. Bommer, D. M. Desiderio, and W. J. McMurray, 
Advances in Mass Spectrometry, 2, 639 (1966). 

13. A. M. Duffield, A. V. Robertson, C. Djerassi, B. G. Buchanan, 
G. L. Sutherland, E. A. Feigenbaum, and L. Lederberg, J. Am. 
Chern. Soc., ~' 2977 (1969). 

14. W. H. McFadden in "Advances in Chromatographyn, Vol. 4, J. C. 
Giddings, R. A. Keller, Eds., Marcel Decker, New York, 1967, 
P.265. 

15. H. M. Rosenstock, M. B. Wallenstein, A. L. Wahrhaftig, and 
H. Eyring, Proc. Natl. Acad. Sci. U.S.,~' 667 (1952). 

16. H. M. Rosenstock and M. Kraus in "Mass Spectrometry of Organic 
Ions", F. H. McLafferty, Ed., Academic Press, New York, 1963. 



17. H. J. Svec and G. A. ,Junk, J. Am. Chern. Soc ., _§_~, 790 (1967). 

18. F. W. ~1cLafferty and T. Wachs, cT. Am. Chern . Soc. , 89, 5043 
(1967). 

19. H. Bruderer, W. Richter, and W. Vetter, Helv. Chim . Acta, ~' 
1917 (1967). 

124 

20. A. Man.delbaum and K. Biemann, J. Arn. Chern. Soc.,~, 2975 (1968) . 

21. T. H. Kinstle and W. R. Oliver, J. Am. Chern. Soc.,~' 1864 
(1969). 

22. F. W. McLafferty, ''Interpretation of Mass Spectra", W. A • 
Benjamin, Inc., New York, N.Y., 1966. 

23. H. Budzikiewicz, C. Djerassi , and D. H. Williams, "Structure 
Elucidation of Natural Products by Mass Spectrometry", Vol. 1, 
Holden-Day, Inc., San Fran6isco, Calif., 1964. 

24. J. K. MacLeod and C. Djerassi, J. Am. Chern. Soc.,~' 5182 . 
(1967). 

25. J. Seibl , Helv. Chim. Acta,~' 263 (1967). 

26 . J. H. Beynon, R. A. Saunders, and A. E. Williams, Z. Naturf., 
20a, 180 (1965). 

27. J. H. Beynon and A. E. Fontaine, Z. Naturf., 22a, 334 (1967). 

28. T. W. Shannon and F. W. t1cLafferty, J. Am. Chern. Soc. , _§__§_, 5021 
(1966). 

29. M. 11. Bursey andF. W. McLafferty, J. Am. Chern. Soc.,~' 529 
(1966). 

30. M. M. Bursey and F. W. McLafferty, J. Am. Chern. Soc.,~' 1 
(1967). 

31. F. W. McLafferty, M. M. Bursey, and S. 1'1 . Kimball, J. Am. Chern. 
Soc.,_§__§_, 5022 (1966). 

32. C. S. Cummings and W. Bleakney, Phys. Rev.,~' 787 (1940). 

33. K. Biemann, Tetrahedron Letters, No. 15, 9 (1960). 

34. H. Budzikiewicz, C. Djerassi, and D. H. Williams, "Structure 
Elucidation of Natural Products by Mass Spectrometry", Vol. 2, 
Holden-Day, Inc., San Francisco, Calif., 1964. 



35. K. Biemann, Fortschr . Chern . Org . Naturstoff , -~, 1 (1966). 

36 . J . E. Hodgkins, S. D. Brown , and J. L. Massingill, Tetrahedron 
Letters, 1321 (1967). 

37. M. Ohashi, J. M. Wilson, H. Budzikiewicz, M. Shamma , W. A. 

125 

Slusarchyk, and C. Djerassi , J. Am . Chern . Soc ., ~' 2807 (1963). 

38 . M. Tomita , H. Furukawa, T . Kickuchi , A. Kato , and T. Ibuka , 
Chern . Pharm . Bul l. (Tokyo), ~' 232 (1966). 

39. M. Shamma, M. A. Greenberg , and B. S. D1.1dock, Tetrahedron 
Letters, 3595 (1965) . 

40. V. Preininger , A. D. Cross, and F. Santavy, Collect . Czech . 
Chern . Commun ., ~' 3345 (1966) . 

41. J. L. Neumeyer, M. McCarthy , K. K. Weinhardt , and P. L. Levins, 
J . Org . Chern ., ~' 2890 (1968 ). 

42. L. Dol ejs and V. Hanus, Collect . Czech. Chern. Commun ., 33, 600 
(1968). 

43. L. Dolejs and J. Slavik, Collec-t:. Czech . Chern. Commun. , 33 , 
3917 (1968) . 

44 . T. Kametani and K. Ohkubo, Tetrahedron Letters, 4317 (1965). 

45 . T. Kametani and K. Ohkubo , Chern. Pharm . Bull . (Tokyo),~' 608 
(1967). 

46. J. Baldas, Q. N. Porter, I. R. C. Bick, and M. J. Vernengo, 
Tetrahedron Letters, 2059 (1966). 

47. D. C. DeJ ongh , S . R. Shrader , and M. P. Cava , J. Am. Chern . Soc., 
_§_§_, 1052 (1966). 

48. M. Tomita, T. Kikuchi , K. Fujitani, A. Kato, H. F1wukawa, 
Y. Aoyagi, M. Kitano, and T. Ibuka, Tetrahedron Letters , 857 
(1966). 

49. J. Baldas, I. R. C. Bick, G. K. Douglas, and Q. N. Porter, Aust. 
J. Chern.,~' 2305 (1968). 

50. T. Kametani and S. Takano, Tetrahedron Letters, 121 (1 968 ). 

51. T. Kametani , S . Shibuya, C. Kibayashi , and S . Sasaki: Tetrahedron 
Letters, 3215 (1966). 



52. M. Tomita, A. Kate , T . Ibuka, H. Furukawa, and M. Kozuka, 
Tetrahedron Letters, 2825 (1965). 

53. M. Balwin, A. G. Loudon, A. Maccoll, L. J. Haynes, and K. L. 
Stuart, J. Chern. Soc. (c), 154 (1967). 

54. J. Slavik , L. Slavikova, and L. Dole js, Collect. Czech. Chern. 
Commun ., ~' 4066 (1968). 

126 

55. A. H. Jackson and J. A. Martin, J. Chern . Soc. (c), 2181 (1966). 

56. I. R. C. Bick, J. H. Bowie, and G. K. Douglas, Aust. J. Chern., 
3_Q_, 1403 ( 1967). 

57. E. Brochrnann-Hanssen and B. Nielson, Tetrahedron Letters, 2261 
(1966). 

58. S. Pfeifer, I. Mann, L. Dolejs, V. Hanus, and A. D. Cross, 
Tetrahedron Letters, 83 (1967). 

59. C.-Y. Chen , D. B. MacLean , and R. H. F. Manske, Tetrahedron 
Letters, 349 (1968). 

60. C.-Y. Chen and D. B. MacLean, Can. J. Chern., 46, 2501 (1968). 

61. L. Dolejs and J. Slavik, Org. Mass Spectrorn., ~' 141 (1970). 

62. L. Dolejs , V. Hanus, and J. Slavik, Collect. Czech. Chern. 
Comrnun., ~' 2479 (1964). 

63. A. D. Cross, L. Dolejs, V. Hanus, M. Maturova, and F . Santavy, 
Collect. Czech. Chern. Cornrnun., ~. 1335 (1965). 

64. V. Hanus, L. Dolejs, B. Mulle~, and W. Dopke, Collect. Czech. 
Chern. Cornmun., E• 1759 (1967). 

65. H. M. Fales, H. A. Lloyd, and G. W. A. Milne, J. Am . Chern. Soc., 
92, 1590 (1970). 

66. R. H. F. Manske , R. Rodrigo, D. B. MacLean, D. E. F. Gracey, and 
J. K. Saunders, Can. J . Chern., 47, 3585 (1969). 

67. F. Santavy, J. L. Kaul, L. Hruban, L. Dolejs, V. Hanus, K. Blake, 
and A. D. Cross, Collect. Czech. Chern. Comrnun ., ~' 3479 (1965). 

68. J. Slavik, L. Dolejs, K. Vokac, and V. Hanus, Collect. Czech. 
Chern. Comrnun., ~' 2864 (1965). 

69. L. Dolejs and V. Hanus, Tetrahedron, ~' 2997 (1967). 



70. A. Guggisberg, M. Hesse , H. Schmid, H. Boehm, H. Roensch, and 
K. Hothes, Helv . Chlrn . Acta , 50, 521 (1967). 

71. ~l. Maturova, H. Potesilova, F. Santavy , A. D. Cross, V. Hanus, 
and L. Dolejs, Collect. Czech. Chern. Cornrnun., 32, 419 (1967). 

72. F. R. Stermii:z and K. D. l1d1urtrey, J. Org. Chern., 34, 555 
(1969). 

127 

73. H. Audier, M. Fetizon, D. Ginsberg, A. Mandelbaum, and T. Rull, 
Tetrahedron Letters, 13 ( 1965). 

74. H. Nakata, Y. Hirata, A. Taternatsu, H. Tada, andY . K. Sawar, 
Tetrahedron Letters , 829 (1965). 

75. A. Mandelbaum and D. Ginsberg, Tetrahedron Letters, 2479 (1965). 

76. D. H. S. i'lheeler, T. H. Kinstle, and K. L. Rinehart, Jr., J. Am. 
Chern. Soc., §2_, 4494 (1967). 

77. L. J. Haynes, G. E. M. Husbands, and K. L. Stuard, J. Chern. Soc. 
(c } , 9 51 ( 19 6 8 ) 

78. W. Dopke, H. Flentje, and P. W. Jeffs, Tetrahedron, ~' 4459 
(1968). 

79. H. L. deHaal, B . . J. Prins leo, and R. R. Arndt, Tetrahedron 
Letters, 6169 (1966). 

80. H. Budzikiewicz, S . C. Pakrashi, and H. Vorbruggen, Tetrahedron, 
2Q_, 399 (1964). 

81. · G. Spi teller and M. Spiteller-Friedrnann, Tetrahedron Letters, 
153 (1963). 

82. S. C. Pakrashi and E. Ali, Tetrahedron Letters, 211+3 ( 1967). 

83. D. H. R. Barton, R. James, G. W. Kirby , and D. A. Widdowson, 
Chern. Cornmun., 266 (1967). 

84. T. Kametani, H. Agui, K. Saito, and K. Fukumoto, J. Heterocycl. 
Chern. , §_, '+53 ( 1969). 

85. T. H. Kinstle, W. C. Wildman, and C. L. Brown, Tetrahedron 
Letters, 4659 (1965 ). 

86. T. Ibuka, H. Irie, A. Kate, S. Uyeo, K. Kotera, and Y. Nikagawa, 
Tetrahedron Lett ers, 4745 (1966). 



87. 

88. 

89. 

90. 

91. 

92. 

93. 

94. 

95. 

96 . 

97. 

98. 

99. 

J.OO. 

101. 

102. 

103. 

104. 

128 

A. M. Duffield, R. T. Aplin, H. Budzikiewicz,.C . Djerassi, C. F. 
Murphy, and W. C. \~ ildman, J. Am . Chern. Soc., .§2_, 4902 ( 1965). 

A. L. Burlingame, H. M. Fales, and R. J . Highet, J. Am. Chern. 
Soc.,~' 4976 (1964). 

W. Dopke, M. Bienert , A. L. Burlingame , H. K. Schnoes, P. W. 
Jeffs, and D. S. Farrier, Tetrahedron Letters, 451 (1967). 

W. C. Wildman and C. L. Brown, J. Am. Chern. Soc., 90, 6439 
(1968). 

J. Slavik, L. Dolejs, V. Hanus, and A. D. Cross, Collect. Czech. 
Chern. Commun., ~. 1619 (1968). 

D. B. MacLean, D. E. F. Gracey, J . . K. Saunders, R. Rodrigo, and 
R. H. F. Manske, Can. J. Chern. , 47,1951 (1969). 

T. Kametani and K. OgasaHara, Chern. Phann. Bull. (Tokyo), ~' 
1498 (1968). 

J . M. Wilson, M. Ohashi, H. BudzikieHicz, F. Santavy, _and 
C. Djerassi, Tetrahedron, ~' 2225 (1963). 

C. Djerassi, H. W. BreHer, C. Clarke, and L. J. Durham, J. Am. 
Chern. Soc.,~. 3210 (1962). 

I. R. C. Bick, J. H. Bowie, J. Harley-Mason, and D. H. Williams ~ 

-J. Chern. Soc. (c), 1951 (1 96 7) . 

N. C. Gupt~, D. S. Bhakuni , and M. M. Dhar , Experienta, ~' 12 
(1970) . 

. K. Biemann, "~1as~ Spectrqrnetry ~ _ Organic Chemical Application", 
McGraw-Hill Book Co ., Inc., New York, N.Y ., 1962. 

D. H. R. Barton and T. Cohen, "Festschrift Arthur Stoll", 
Birkhauser, Basel, 117 (1957). 

F. Santavy, M. Maturova, A. Nemeckova, and M. Horak, Collect. 
Czech. Chern. Cornrnun. , ·2, 1901 (1960). 

W. Awe and W. Winkler, Naturwissenschaften, 47, 107 (1960). 

R. H. F. Manske, Can. J. Res., B18, 75 (1940). 

S. McLean and M.-S. Lin, Tetrahedron Letters, 3819 (1964). 

S. McLean, M.-S. Lin, and .R. H. F. Mansk~, Can . J. Chern., 44, 
2449 (1966). 



129 

105. S . McLean , M. -S . Lin, A. C. t1a.c:Ucnald , and J : Trotter, Tetrahedron 
Letters, 185 (1966 ). 

106. J. K. Saunders, R. A. Bell, C. -Y. Chen , D. B. MacLean , and 
R. H. F. Manske , Can . J . Chem . , ~' 2873 (1968). 

107. R. H. F. Manske , R. G. A. Rodrigo , D. B. MacLean, D. E . F. Gracey, 
and J. K. Saunders, Can. J. Chem ., ~' 3589 (1 969). 

108. J. K. Saunders, R. A. Bell, C.-Y. Chen, D. B. MacLean, and R. H. 
F . Manske , Can . J. Chem ., 46, 2876 (1968). 

109 . D. B. MacLean, R. A. Bell, J. K. Saunders, C.-Y. Chen, and R. H. 
F. Manske , Can . J. Chem ., 47, 3S93 (1969). 

110. M. Sharnma and C. D. Jones, J. Am . Chem. Soc . ,~' 4943 (1970). 

111. R. H. F . Manske and M. R. Mill er , Can . J. Res., B~-' 153 (1938). 

112. M. P. Cava, M. V. Lakshmikantharn, and M. J. Mitchell, J. Org. 
Chem . , ~' 2665 (1 969 ). 

113. R. J . Highet and P. F. Highet, ,J. Org. Chem., ~' 902 (1965). 

114. D. T . Witiak, D. B. Patel, andY . Lin, J. Am . Chern. Soc. , ~' 
1908 (196 7). 

115 . F. A. L. Anet and A. J. R. Bourn, J. Am. Chem . Soc.,~, 5250 
(1965). 

115. F. Bohlmann , Chem . Ber. , 91 , 215 7 (1958). 

117. H. Corrodi and E. Hardegger, Helv. Chirn. Acta,~' 889 (1 956 ). 

118. R. H. F. Manske, Can. J. Res., B21 , 111 (1 943 ) . 

119. R. H. F. Manske, J. Am . Chem. Soc., 22_, 4928 (1953). 

120 . F. Bohlmann , Chem . Ber., ~' 1798 (1 959 ). 

121. H. Taguchi and I I:naseki, J. · Pharm . Soc . Japan ,.§..:±., 955 (1 964 ). 

122. P. W. Jeffs , Experientia , ~' 69 0 (1 965 ) . 

123. P . W. J effs, Alkaloids, _g_, 41 (1967). 

124. M. Shamma, C. D. Jones, and J . A. Weiss, T etrahedron,~, 4347 
(1969). 



125 . 

126. 

127. 

128. 

129. 

130 . 

131. 

132. 

133. 

134. 

135. 

136. 

137. 

130 

T . A. Crabb and E. R. Jones, Tetrahedron, 26, 1217 (1970). 

D. 1'1. Glugs tcn, Ph . D. Thesis , ~lcMaster University, 1966 . 

N. M. Mollov~ G. I . Yakimov , and P . P. Panov, C. R. Acad. Bulg . 
Sci., 3.Q_, 557 (1967). 

M. Castillo, J. K. Saunders , D. B. MacLean, N. M. Mollov , and 
G. I . Yakimov , to be published . 

T. Kametani, S. Takano, and S. Hibino , Yakugaku Zasshi, ..§_§_, 
1123 (1968). 

R. H. F. Manske and Q. A. Ahmed, Can . J. Chern ., ~' 1280 (1970). 

L.· R. Snyder , "Principles of Adsorption Chromatography" , Marce l 
Dekker , Inc ., New York, 1968, P.317. 

R. H. F. Hanske, Can . J . Res ., B16, 438 (1938). 

R. H. F. Nanske, Can . J. Chern. , .::2_, 1103 (1 969 ). 

F. Santavy, L . Hruban , V. Simanek , and D. vlal terova, Collect . 
Czech . Chern . Cornmun ., ~~' 2418 (1970). 

S . ~empling, M. Sc. Thesis, McMaster Universi t y , 1970. 

D. D. Tunnicliff and P . A. Hadsworth, Anal. Chern . , ~' 1826 
(1968). 

F. A. Ramirez and A. Burger , J. Am . Chern. Soc ., 72, 2781 (1950). 


	Yu_Chi-Kuen_1971_05_phd0001
	Yu_Chi-Kuen_1971_05_phd0002
	Yu_Chi-Kuen_1971_05_phd0003
	Yu_Chi-Kuen_1971_05_phd0004
	Yu_Chi-Kuen_1971_05_phd0005
	Yu_Chi-Kuen_1971_05_phd0006
	Yu_Chi-Kuen_1971_05_phd0007
	Yu_Chi-Kuen_1971_05_phd0008
	Yu_Chi-Kuen_1971_05_phd0009
	Yu_Chi-Kuen_1971_05_phd0010
	Yu_Chi-Kuen_1971_05_phd0011
	Yu_Chi-Kuen_1971_05_phd0012
	Yu_Chi-Kuen_1971_05_phd0013
	Yu_Chi-Kuen_1971_05_phd0014
	Yu_Chi-Kuen_1971_05_phd0015
	Yu_Chi-Kuen_1971_05_phd0016
	Yu_Chi-Kuen_1971_05_phd0017
	Yu_Chi-Kuen_1971_05_phd0018
	Yu_Chi-Kuen_1971_05_phd0019
	Yu_Chi-Kuen_1971_05_phd0020
	Yu_Chi-Kuen_1971_05_phd0021
	Yu_Chi-Kuen_1971_05_phd0022
	Yu_Chi-Kuen_1971_05_phd0023
	Yu_Chi-Kuen_1971_05_phd0024
	Yu_Chi-Kuen_1971_05_phd0025
	Yu_Chi-Kuen_1971_05_phd0026
	Yu_Chi-Kuen_1971_05_phd0027
	Yu_Chi-Kuen_1971_05_phd0028
	Yu_Chi-Kuen_1971_05_phd0029
	Yu_Chi-Kuen_1971_05_phd0030
	Yu_Chi-Kuen_1971_05_phd0031
	Yu_Chi-Kuen_1971_05_phd0032
	Yu_Chi-Kuen_1971_05_phd0033
	Yu_Chi-Kuen_1971_05_phd0034
	Yu_Chi-Kuen_1971_05_phd0035
	Yu_Chi-Kuen_1971_05_phd0036
	Yu_Chi-Kuen_1971_05_phd0037
	Yu_Chi-Kuen_1971_05_phd0038
	Yu_Chi-Kuen_1971_05_phd0039
	Yu_Chi-Kuen_1971_05_phd0040
	Yu_Chi-Kuen_1971_05_phd0041
	Yu_Chi-Kuen_1971_05_phd0042
	Yu_Chi-Kuen_1971_05_phd0043
	Yu_Chi-Kuen_1971_05_phd0044
	Yu_Chi-Kuen_1971_05_phd0045
	Yu_Chi-Kuen_1971_05_phd0046
	Yu_Chi-Kuen_1971_05_phd0047
	Yu_Chi-Kuen_1971_05_phd0048
	Yu_Chi-Kuen_1971_05_phd0049
	Yu_Chi-Kuen_1971_05_phd0050
	Yu_Chi-Kuen_1971_05_phd0051
	Yu_Chi-Kuen_1971_05_phd0052
	Yu_Chi-Kuen_1971_05_phd0053
	Yu_Chi-Kuen_1971_05_phd0054
	Yu_Chi-Kuen_1971_05_phd0055
	Yu_Chi-Kuen_1971_05_phd0056
	Yu_Chi-Kuen_1971_05_phd0057
	Yu_Chi-Kuen_1971_05_phd0058
	Yu_Chi-Kuen_1971_05_phd0059
	Yu_Chi-Kuen_1971_05_phd0060
	Yu_Chi-Kuen_1971_05_phd0061
	Yu_Chi-Kuen_1971_05_phd0062
	Yu_Chi-Kuen_1971_05_phd0063
	Yu_Chi-Kuen_1971_05_phd0064
	Yu_Chi-Kuen_1971_05_phd0065
	Yu_Chi-Kuen_1971_05_phd0066
	Yu_Chi-Kuen_1971_05_phd0067
	Yu_Chi-Kuen_1971_05_phd0068
	Yu_Chi-Kuen_1971_05_phd0069
	Yu_Chi-Kuen_1971_05_phd0070
	Yu_Chi-Kuen_1971_05_phd0071
	Yu_Chi-Kuen_1971_05_phd0072
	Yu_Chi-Kuen_1971_05_phd0073
	Yu_Chi-Kuen_1971_05_phd0074
	Yu_Chi-Kuen_1971_05_phd0075
	Yu_Chi-Kuen_1971_05_phd0076
	Yu_Chi-Kuen_1971_05_phd0077
	Yu_Chi-Kuen_1971_05_phd0078
	Yu_Chi-Kuen_1971_05_phd0079
	Yu_Chi-Kuen_1971_05_phd0080
	Yu_Chi-Kuen_1971_05_phd0081
	Yu_Chi-Kuen_1971_05_phd0082
	Yu_Chi-Kuen_1971_05_phd0083
	Yu_Chi-Kuen_1971_05_phd0084
	Yu_Chi-Kuen_1971_05_phd0085
	Yu_Chi-Kuen_1971_05_phd0086
	Yu_Chi-Kuen_1971_05_phd0087
	Yu_Chi-Kuen_1971_05_phd0088
	Yu_Chi-Kuen_1971_05_phd0089
	Yu_Chi-Kuen_1971_05_phd0090
	Yu_Chi-Kuen_1971_05_phd0091
	Yu_Chi-Kuen_1971_05_phd0092
	Yu_Chi-Kuen_1971_05_phd0093
	Yu_Chi-Kuen_1971_05_phd0094
	Yu_Chi-Kuen_1971_05_phd0095
	Yu_Chi-Kuen_1971_05_phd0096
	Yu_Chi-Kuen_1971_05_phd0097
	Yu_Chi-Kuen_1971_05_phd0098
	Yu_Chi-Kuen_1971_05_phd0099
	Yu_Chi-Kuen_1971_05_phd0100
	Yu_Chi-Kuen_1971_05_phd0101
	Yu_Chi-Kuen_1971_05_phd0102
	Yu_Chi-Kuen_1971_05_phd0103
	Yu_Chi-Kuen_1971_05_phd0104
	Yu_Chi-Kuen_1971_05_phd0105
	Yu_Chi-Kuen_1971_05_phd0106
	Yu_Chi-Kuen_1971_05_phd0107
	Yu_Chi-Kuen_1971_05_phd0108
	Yu_Chi-Kuen_1971_05_phd0109
	Yu_Chi-Kuen_1971_05_phd0110
	Yu_Chi-Kuen_1971_05_phd0111
	Yu_Chi-Kuen_1971_05_phd0112
	Yu_Chi-Kuen_1971_05_phd0113
	Yu_Chi-Kuen_1971_05_phd0114
	Yu_Chi-Kuen_1971_05_phd0115
	Yu_Chi-Kuen_1971_05_phd0116
	Yu_Chi-Kuen_1971_05_phd0117
	Yu_Chi-Kuen_1971_05_phd0118
	Yu_Chi-Kuen_1971_05_phd0119
	Yu_Chi-Kuen_1971_05_phd0120
	Yu_Chi-Kuen_1971_05_phd0121
	Yu_Chi-Kuen_1971_05_phd0122
	Yu_Chi-Kuen_1971_05_phd0123
	Yu_Chi-Kuen_1971_05_phd0124
	Yu_Chi-Kuen_1971_05_phd0125
	Yu_Chi-Kuen_1971_05_phd0126
	Yu_Chi-Kuen_1971_05_phd0127
	Yu_Chi-Kuen_1971_05_phd0128
	Yu_Chi-Kuen_1971_05_phd0129
	Yu_Chi-Kuen_1971_05_phd0130
	Yu_Chi-Kuen_1971_05_phd0131
	Yu_Chi-Kuen_1971_05_phd0132
	Yu_Chi-Kuen_1971_05_phd0133
	Yu_Chi-Kuen_1971_05_phd0134
	Yu_Chi-Kuen_1971_05_phd0135
	Yu_Chi-Kuen_1971_05_phd0136
	Yu_Chi-Kuen_1971_05_phd0137
	Yu_Chi-Kuen_1971_05_phd0138
	Yu_Chi-Kuen_1971_05_phd0139

