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S0ME HECENT WORK ON PROTOBEREERIMES AND

TETRAHYDROPROTOBERBERINES ~ A REVIEWT

Departuent of Chemistry, Presidency College, Madras-5, India

This review is dedicgted to Professor Tetsujl Kametani on hisz
completion of 60 years, the greater part of which he dedicated to
enriching our knowledge of the chemistry of alkalolds in general
and isoquinoiine alkaloids in partieular., During the last one
decade and more, there has been a continuous stream of publications
from his laboratory dealing wlth various aspects of isoquinoline
alkalold chemlistry. We owe a debt of gratitude to him and his
colleagues for their rich contributions. There has been a vigorous
school of research in Japan working on isoquinoline alkalolds and
therefors, we thought it appropriate to choose the above subject as
a token of tribute to Professor Kametani, his cowsrkers and all
our obther Japenese colleagues who have been working in the field of
alkalolds, This article has for its background the excellent
reviews of Jeffs (P.W. Jefgs, "The Alkaloids", ed. by R.H.F. Manske,
Academic Press, New York, 1967, Vol.9, pp.41-115) and Shamma
(M, Shamma, "The Isoquinoline Alkalolids", Lcademic Press, New York,
1072, pp.268-314). It is by no means exhaustive and only certain
aspects of protoberberlne chemistry are belng highlighted here,

The authors may be pardoned if much interesting material has been
left out,

t Dedicated to Professor Tetsuji Kaﬁetani on the occasion of
his 60th blrthday.

T CIBA-GEIGY Research Centre, Bombay - 63, India,
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1, Acetone Berberine
1.1, Structure of Acetone Berberine
When berberinium salts are treated wlth acetone in the
presence of strong alkall, a yellow crystalline compound, m.p.
168-166° 4is obtained for which Gadamer™ assdgned structure (1)
( S-acetonyldihydroberberine ). fThis compound exhibits
Scheme 1

(1)
fasclnating aspects of ensmine chemistry. Acetonylberberine has

been used for the syntheses of 13-methyltetrshydroprotoberberines,
The alkaloids synthesised by this method are 1:1:::1.'!..%:t:r:i.cza.v'flne,2
corydaline,s corySamiz_xe4 and corydalidzine.s

Preund and I"'lea:\Lssche:‘.'6 were perhaps the first to study the
action of methyl iodide on berberineacetone. Reduetion of the
adduct yielded 13-methyltetrahydroberberine. von Bruchhausen®
reacted palmatineacetone (2) with methyl icdide and on reduction,
the product ylelded dl-corydaline (4). This resction was

represented as follows,

Scheme 2
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Bersch7 formulated the reaction of berberineacetone and mathyl
1odide as follous,
Sgheme 3

But Takemoto and Kondo- assigned structure (6a, R=CH,) to the
substance obtained on application of methyl iodide to acetone-
berberine, on the basis of its analytical values, ir and uv
spectral datz. Similar products (Sh) and (6¢) were obtained
by repcting with ethyl lodide and propyl iodide respectively.

Schélle 4
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These products could be reduced with tin and hydrechloric acid,
sodium borohydride or lithium aluminium hydride and depending on
experimental conditions used during reduction, IB3-alkyl substi-
tuted tetrahydroprotoberberines were obtained besides tetrshydro-
berberings as also 13-alkyldihydroberberines,

Chatubala snd Pal® confirmed structure (6a) by a study of
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its pmr Spectrum, molecular weilght determination, ir and uv
spectral data.

In a masterly piece of investigation well planned and exec-
uted with the aid of modern analytical amnd Spectral techniques,
Karuto and covorkers? have established that the socalled acetone-
berberine is not a homogeneous product, but is a mixture of at
least three product®, the major one being the 8-acetonyldihydro-
berberine (1), contaminated with a few percent of 8,13a-propano-
berberine (9c) formed as a result of intramolecular Michael
condensation of the acetone adduct,and the berberinium hydroxide.

Scheme &

Aecelone
Na0H

(7) &) By= By = CHy

(9) a) 3131=032;32=R3=CH3
e) RlR]_HCHz;stRs:H
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Thiz has been established at least in three cases of crude acetone
adduets of quaternary protoberberinium salts, viz., 1) dehydro-
corydalinium chloride (72}, 2) 13.methylberberinium chloride (7b)
and 3) berberinium chloride (7¢) respectively. The purification
and separation of these individual compounds presented the authors
with diffieulty. They showed the presence of these compounds in
the mixture by tlec comparison with authentic samples and zlso from
product analysis of reactions carried out on the crude.acetone
adduct. These authors also found that the reaction of acetone-
berberine with methyl iodide gave besides 13-methylberberinium
iodide (7b,X=I) and berberinium iodide (7¢,X=I), two hitherto
unlsolated products, 8,13a-(2'-oxopropanoc)-13,123-dimethylberbine
derivative (9a) and 8,13a-(2'-oxopropanc)-13.methyiberbine deri-
vative (9b). The structures of the new products were deduced from
chemical and spectral data.

From the fact that 1L3-methylacetoneberberine (8b) prepared
from (7b) gave compound (9a or 9b) on methylation with methyl
iodide, a tentative mechanism was proposed for the reaction as
shown in Scheme 6, Accoxding to this mechanism, the excess of
alkyl halide and the alkaline medium are favourable for the
formation of 8,l3a-propancherbine derivatives. In practice, the
yields of (9a) and (9b) increased in general with addition of
sodium hydroxide or triethylamine in the presence of excess of
methyl or allyl halide in the reaction msdium.g The structure
proof of {9a) depended upon reduction to aleohol (10a), which
was characterised as the acetate (10b), Acetates (1ia)(derived
Trom neoxyberberineascetone (18){vide iﬁfra))and {11b) serves as

exanples for the interpretation of the pmr of (10b).
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Scheme 6

(11a) RR=CH,
(11b) R=CH,

C@i{)@

Hg,
(12) °*
m/e 189
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Anglogous reaction wlth allyl bromide gave rise to 8,13a-
(2t-oxopropano)=13.a11yl- (corresponding to (9b))and 13,13-diallyl-
berbine derivatives (corresponding to (9a)) and with n-propyl
chloride, similar 13-n-propyl and 13,13-di-n-propyl derivatives.
(9a) and (9h) exhibited an intense peak at m/e 189 corresponding
to the characteristic fragment (12) of 8,l13a-propancberbine in
their mass spectra.’

1.2, Permanganate Oxldation Products of Acetone Berberine

In To11 Pymmlo oxidised acetoneberberine dissolved in
acetone, With agueous potassium permanganate in the cold and
on work up of the product, obtained a crystalline compound, m.p.
228.229°%, which he named neoxyberberine acetons. Pyman considered
structures (13) and (I4) for this compound amd preferred (13),
gsince the compound was ingolubls in sodium hydroxide. Treatment
Scheme 7

of neoxyberberineacetone with acid, followed by basification,

gave compound (I5), a phenol betaine, recognised as such by its
behaviour towards methyl iodide in affording J3-methoxyberberinium
lodide (36). Takemoto and Kondol™ reinvestigated the structuve
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of neoxyberberineacetone and assigned structure (17) on the basis
of uv and ir spectra of the perent compound and 1ts acetyl deri-

12 eritically examined the data on neoxyberberine-
13

vative. Jeffs
acetone and preferred structure (1), In 1966, Iwasa and Naruto
reinvestigated the structure of neoxyberberineacetone. On the
basis of pmr data and several chemlecal reactions, the structure
was revised to (18) (8,13a~(2'-ozopropanc)-13-hydroxy-2,3-
nethylenedioxy-9,10-dimethoxydibenzo [a,g] ~aulnolizidine).

8cheme 9

In 2972, Kondo and Tekemoto® isolated a new acidic substance
m.p. 235%(d) from the oxidation product of acetoneberberine. This
compound was assigned structure (19} (2-(2,3-dimethoxy-G-carboxy-
oL~gcetonylbenzyl)~l-oxo-6,7-methylenedioxy~1,2,34-tetrahydrolso-
quilnoline), based on uv, ir, pmr and mass Spectral data, Speclally
from the uv absorption sSpectrum which showed maxima at 262 mm
(logt 4.03) and 301 nm (logé 3/70).' These authors anticipated
the acidlc compound to be a derivative of the noroxyhydrastinine
type. Under more drastic oxidation conditions using excess
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potassium permanganate in an acid solution,(19) gave noroxyhydra-
- stinine (20). They suggested the following reasonable mechanism
for the formation of (19) from asetoneberberins (1).

Schems 10

H
?&qa 3 o] o
! — G
: sz OOH Q

o (20)
(1s)  bwy

Two additional compounds wepre later isolated by these
authors® and 1dentified as (21) and (22). Reduetion of (21)
with sodiun borohydride afforded 8-{2-hydroxypropyl)-13-hydroxy-
tetrahydroberberine (23) and S8-(2-hydroxypropyl)-l3-oxido-
berberinium (24), while reduction with zine dust in aqueons
acetle acld led to the concurrent elimination of the acetonyl
group to form tetrahydroberberine (25) and 13.-p-hydroxytetrahyiro-

berberine (dl-ophiecarpine) (26).
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The formation of neoxyberberineacebtone and other oxidation
products from the acetone adduct was envisaged as follaws,

Scheme X2
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QO Hay

CCHx

(22a) (22b)
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16 13

Narute and coworkers™ extended thelr earlier studies
on oxidation of acetoneberberine to acetone adducts of other
berberinivm salts. They found that oxidation of acetone-
palmatine (2) with potassium permanganate proceeded as in the
case of acetoneberberine to give 8,13a-propanoherbine derivative
(27). On the other hand, I3-methylacetoneberberine (8b)
reascted with potassium permanganate to form mainly a lactam (28),
as a result of the oxidatlve fission of €,5-Cy,, double bond,

together with minor 8,13a-propanoberbine products (29) and (30).

Schems 14

(8b) RyRy = CHoy Ry = CHg

(28)
major product

Lactam (28) is analogous to compound (19), as proposed by Kondo
and Talmzm:ﬁ:o,:l“l for the minor product of potasslum permanganate
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oxidation of acetoneberberine (1). However, it is interesting

to note that oxidation of l3-methylacetoneberberine proceeds via
oxidative fission of Cy5-Cy,, double bond, whereas 13-unsubsti-
tuted acetoneberberine type enamines are oxidised to give 8,13g«
propanoberbine derivatives as major products. A rational expla-
nation for the effect of the methyl group at the 13-position on
the course of oxidation can not be given with the data availlsble.l®

1.3, 8tereochemlcal Consideration of Neoxyberberineacetone

In 1969, Charubala, Nagarajan and Pail’ had undertaken a
study of the oxidation produet of acetoneberberine and on the basis
of pmr, ir and uv spectral data, they confirmed the structure
propased by Narubto _9_1:_9_._1_,.13 for neoxyberberine acetone. They also
attempted to solve the stereochemical aspects of the structure;
these problems being (1) the nature of B/C ring fusion and (i1}
the relative disposition of the 2!'-oxoprepane bridge and the 0H
group. Their work 1s summarised below.

Neoxyberberineacetone (18) was comverted to the ethyleneketal
(31}, m.p. 196-298%, the ir spectrum of which lacked the saturated
carbonyl band at 1705 em™l, This was oxidised with pyridine-
chromium trioxide to the ketone (32), m.p. 277-278°%. This showed
an aromstic ketone band at 1670 cm™  in the ir. The uv Spectrum
was also consistent with the presence of an aromatic ketone chromo-
phore, in addition to the alkoxybenzene chromophore present in
the starting aleohol (31). The ketoketal (32) was reduced with
sodium borohydride to yield an alcohol {33), which appeared to be
homogeneons on tle ard was different from the starting ketal
aleohol (31).
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Scheme 15

{34#) il

(33)

Neoxyberberineacetone (18) itself conld be oxidised by
pyridine~chromium trioxide to the diketome (34), m.p. 228-230°,
It showed two bands-in the ir spectrum in the carbonyl reglion,
at 1680 and 1710 cm™
and saturated ketones. The uv Spectrum of (34) was coumsistent

s characteristic, respectively, of aromatic

with the presence of an aromatle ketone.

The oxidation experiment showed that a secondary benzyl
aleohol group was present in neoxyberberineacetone, confirming
the findings of the Japanese aumthors,

The reduction of ketalketone {32) by sodium borshyiride to
the alcohol (33) can be tentatively used to derive the relative
stereochemistry. The " 2%oxopropanoketal " bridge i a sterically
bulky entity., The attack of sodium borohydride on the adjacent
benzylie carbonyl must talte place from the side opposite to this
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bridge to give the cis aleohol (33). Since this is different
from the starting ketal (31), the latter will have trans
stereochenistry, (Naruto18 also considered that hydroxyl grouwp
at 013 and propanobridge at clsa were trans without addueing

any reason,)

Scheme 16
HO@ - Hs@‘ ;@‘
(31) (33) (32)

The same stereochemlistry holds for neoxyberberineacetone (18) if
the configuration of the hydroxyl group 1s assumed to be mnchanged
in the ketallsation process. A further factor in support of thils
stereochenmistry is avallable from the mode of formation of (18).
It is reasonable to assume that (81) arises from (18a) by the
addition of active methyl to.the iminlum bond. Since this is more
likely to occur from the side opposite to the OH growp in (18a),
the product (18) would have the OH and the 2-oxopropano group

in a trans configuration.
'  Scheme 17
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The B/C ring fusion in neoxyberberineacebone (18) was next
considered. The mechanism of formation of (I8) from berberine
ig such that the final product will have the thermodynamically
more sStable configuration. For tetrahydroberberine itself s
trans B/C junction is considered more stable provided there is
no bulky Cq, Substituent (vide infra). The 2.oxopropano bridge
in (18) makes the situation more complex. Drelding model of
neoxyberberineacetons (18) with a B/C trans-quinelizidine junction
(85), has the 2‘-oxopropano bridge in a cyclohexane ring, which is
gis fused to the B ring and has two severe 'ly4-diaxial' inter-
actions (shaded bonds)., But it has a relagtively unhinderad OH
with possibilities to hydrogen bond with nitrogen.

Scheme 218
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0f the two possible cig-quinolizldine ring juncitions, in ons
the ketone bridge can not be bullt, The other one (36) has the
2loxopropano bridge in a cyclohexane, trans fused to the B ring.
The Drelding model shows one severe OH-H interaction. An assessment
of the relative severity of these two interactions is not easy,
but it may be reasonable Yo presume that structure (36) may be
the less stralned one from an overall point of view.

A study of the pmr spectrum of the diketone (34), which had the

following features, seems to support a B/C cis-guinolizidine junciion.

Cqo proton ¢ doublet at 7.78 ppm (J=8.5 Hz) for 1H
Ciq proton ¢ doublet at 6.92 ppm (J=1.5 Hz) for 1H
C1 proton ¢ singlet at 7.02 ppm for 1H
Cy proton ¢ singlet at 6.57 ppm for 1H
OCH,0 protons : singlet at 5.93 ppm for 2H
Cg
OCH

3
other protons t  bebween 2.30 and 3.50 ppm.

proton ¢  quartet at 4.85 ppm for 1E
protons t singlet at 3.93 ppm for 6H

Examination of the Dreiding models of the diketone (34) having
B/C trapns or cis fusion shows that in the former, both the C, and
012 protons should be considerably deshlelded by the 013 carbonyl
group, the former more than the latter. The chemical shifts of
the protons ak 012 and C1 can be expected to be comparable to those
of the starred protons in struetures ¢38) and (39) respectively.
The chemical shift of the starred proton in structure (38) is
8.07 ppms that of (39) wlth either trans or cis stereochemistry
is unfortunately not avallable from the literature; but the
chemical shift of the starred proton in the related compound (37)
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is known to be 9.42 ppm.lg

Scheme 19

O

o]

(37) (38) (39)

With a ¢is B/C ring fusion in (34) the carbonyl group at
position-13 should selectively deshlield the 012 proton and should
have no effect on the G, proton, From the pmr spectral data
cited earlier the 0122 protoﬁ is seen to be selectlively deshielded.
Hence the B/C cis fusion in (34) is derived. As there is no
reason to believe that in the oxidation of neoxyberberineacetone
(18) to the diketone (34}, the B/C ring fusion would have been
affacted, it can be speculated that stmeture (36) deplets the
full stereochemistry of neoxyherberineacetone, 7

The presence or abSence of Bohlmamm bands in the ir spectrum
has been used in protoberberine chemistry extensivély for charact-;
erising the stereochemistry of B/C ring junctiozi (vide infra).
Bowever this technique may not be applicable t¢ neoxyhberberine-
acetone (I8), since two of the three carbon atoms adjacent to
nitrogen are substituted., The 100 MHz pmr spectrum of (18) in
CDCL,, solution showed two or perhaps even three species to be
present, and was thus of 1itile use in the elucidatlon of geometry.
Since the pmr Spectra of ketal {32) and the diketone (34) showed
but one specles to be present, it can be inferred that an equili~

briwm is set up in solution among two or more diastereoisomers
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corresponding to the gross structure of (18) through intermediacy
of speciles (18b). Neoxyberberineacetons (18) itself is z homo-
gensous crystalline solid as Jjudged by n.p. and tle behaviour,

Scheme 20

It thus appears that the Intriguing nroblem of its three dimen-
sional strueture can be solved only by X-ray crystallographic
method,

2. Stereochemistry of Tetr oprotoberberines

The dibenzo [a,£] quinollizidine structure forms the skeleton
of the tetrahydroprotoberberine alkaloids. BohlmamnZC has
demonstrated that trans fused gquinolizidines in which the nitrogen
lone palr electrons are trgns to gt least two axial hydrogen atoms
on carbons adjacent to ity show in thelr ir spectrum a group of
prominent bands in the 2700-2800 cm™T region. This criterion
has often been used Lo aszaign trapns fused conformation to such
systemsgl ' I:esa'@:zau;-?2 bowever, states that ir and pmr criteria as
such are able to detect only the presence of tpans fused confor-
mations .and are inadequate %0 exclude even substantlial quantitieé
of cis conformations. Most of the tetrahydroprotoberberines have
2,3,9,10~ or 2,3,10,11. oxygenation patiern; and in all such
cases the Bohlmann bands have invariably been observed and hence

these-have beon considered 0 have the energetically favourable
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trans-quinolizidine ring Jjunction. Distortions and deviations
however occur when positlons-1,8 or 13 are substituted and these
will be considered now. Tetrahydroprotoberberines carrying
substitvents at position-l or 13 are treated in ssctions 2.1,
2.2, 2.3, 2.4 and 2.5 vwhile those substituted at positlon-g,
which have been discovered in nature vei'-y recently are dealt with
in seection 2.6, ‘

2.1, 1-Substituted Petrahydroprotoberberines

X-ray analysis of the hyﬂrobromides of {=}~capaurine {40)
and (F).isocapaurimine (41) amd (=)=capaurinine-p-bromobenzoate
(42) revealed that they exist In the gis-quinolizidine form B in the
3 411 these alkaloids, as also compound (43)
(the O-methyl ether of (40)), showed no Bohlmann bands in their ir

ervstalline state .2

spectra in chloroform solution consistent with deductions from
their X-ray crystallographic study that they have ring B/C junction
cis fused., Now if rings B and C of the dibenzo[a,g] quinelizidine
assume half-chalr conformations, 1t can be envisaged to exist as an
equllibrivm mixture of one trans A and two cis conformations B and C.
The unsubstituted dibenzo [a,g] quinolizidine exists mainly in the
thermodynamically stable trans-quinolizidine conformation.z"l‘ In the
capaurine series, it can be considered that an energetically
unfavourable non-bonded interaction of the Cy substituent with the
Cqs hydrogens destgbilised the trans form A. Such an unfavourable
interaction still remalns in the other ¢is form £, which may be the
legst preferred one. Thus egig form B becomes more important for

the l-substituted tetrahydroprotoberhberines. It was hence first
inferred that Jl-substituted tetrahydroprotoberberines exist

in ring B/C ¢is configuration with 3B conformation.
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Scheme 21

1=
1w

(40) (=)-capaurine
(41) Ry= Ry =H § Rp = Ry = CHp (%)-1socepanrimine

2 = Rs = CHn 3 =H; Rp= co-(:}-m- {=)capaurinine~
(42) Ry=%Ry 35 Fe R p-bromobenzoaie

(43) Ry= Ry= Ry = Ry = CHy  (~)-O-methylcapaurine

(24). (45) R
(46) R=H
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But the situation was not siraightforward as {he data in table I
show, Thus Kametanl et 31.25 concluded in conformity with

Kesaar! s?? earlier statement that Bohlmann bands in the erystalline
Table I
Compound No Bohlmann bands
KBr CHCla Solution
(-)-(40) Present
(%)-(20) absent
(=)=(42) abgent
{-)-(42) (R,=H) absent
(=)=(43) present sbsent
(£)«(a3) absent
(5)-(44) | absent
(£)-(48) present absent
(£)-(46) absent
(X)-(a7) present present

state provide ambiguous criteria and that there ls a possibility
that conformation of the quinolizidine system in the solid state
may depend upon the erystalline nature.

Caseadine, caseamine and caseanadine are naturally occurring
tetrahydroprotoberberines which have been assigned structures
(48), (49) and (50) respectively.>® Their ir spectra in chloro-
form solution show Bohlmann bands. Synthetic (X)~(48) also shows
Bohlmann bands in chloroform solution. It may be worthwhile to
oxamine by X-ray crystallography whether these alkaloids contain
B/AC cis or trans conformation (For a further discusslon of the

pmr spectrum of (48), see section 2.4).
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Scheme 22

(48) R,=H; Rg=R,=0CH,
(49) R,=H; Ry=0H; R,=0CH,

(50) Ry= Ry=0CHy; Ry=H

Thus'while l-unsubstituted protoberberines-occur in the thermo-~
dynamically more stable trans conformation, the situation is not so
clear In molecules with a substituent at position-l., Those with
1-0H, or 1-0CH, substitution’ may occur in gis-quinolizidine form.
But 1,2-methylenedioxytetrahydroprotoberberines seem to occur only
in trans conformation judging by the ir spectrum of (47). In the
latter case, one wonders whether the C-0 bond at position-l, being
part of the 5S-membered méthylenedloxy ring is just 3 shade
distorted in such a way as to reduce the steric interference
between the oxygen atom and the hydrogen at 013.

Very recently Takao and IWasa27 have carried out guantitative

ir spectroscopic studies in the 2700-2800 em™t

region to assess
the usefulness of Bohlmann bands in deducing guinelizidine
conformation. ‘This 1s reviewed in section 2.3.

2.2, 13-Methyltetrahydroprotoberberines

The problem of the geometry of the quinolizidine ring assumes
great importance in the case of 13-methyltetrahydrOprotéberberines.
Here invariably all naturally occurring 13-methyltetrahydroproto-
berberines that are isolated have been shown to have the trang
B/C ring except thalictrifoline (51), which is the only naturally

occurring alkalold of this serles with cis B/C ring junction.28
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Scheme 23

H5C H

{51)

Iz-Methyltetrahydroprotoberberine alkaloids could be oxidised to
the corresponding herberinlum galts and then reduced with 1ithium
gluminium hydride, sodium borohydride or zinc and sulphuric acid,
when a mixture of cis and trans isomers {with retpect to suhsti-
tuents at Cy, and Cqq,) could be obtained, The first of two such
stercolsomers studied are corydaline (52} and mesocorydaline (53).
These were assigned the stereochemistry by Bersch®® by subjecting
them to Hofmann degradation and isolating two entirely different
compounds. Corydaliné (52) gave compound (54) and mesocorydaline
(53) gave (55), Corydaline (52) showed Bohlmann bands in its ir

Scheme 24
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spectrum in solution, while mesocorydaline (53) d1d not. So
corydaline was assigned the B/C trans and mesocorydaline B/C
cis conformations. Jeffslz’ao has given a eritical account of
the factors involved in the formation of two different Hofmsnn

degradation products. Kbndosl

used the eage of oxidation of
these two stersoisomers with mercuric acetate to the corresponding
berberinium salts. Jeffs, contrary to Xondo's arguments, estab-
lished that the B/C trans compounds are oxidised faster than B/C
¢is compounds. DK, values have also been used to assign eis, trans
conformations. The B/C cis compound is a gtronger base than

B/C trans compound and hence moves relatively slower on tlc than
the trans compmmd:f2 One of the simplest and most elegant methods
of assigning conformation ha$ been that used by Shammaaz i.e. the
rate of methiodide formation.-

The rate of guaternisation would depend upon the ease of
approach of methyl iodide to the mucleophilic nitrogen. Examination
of Drelding models of the single trans and two eis-guinolizidines
reveals that the nitrogen atom in the trang model 1s more hindered

than the cis, and correspondingly will alkylate Slower than the
latter. It is also obvious that Substituents at positions-13 and
8, and their conformation will have a profound influence on the
rate., By use of this method, Shamma established in conformity
with Kametani's Workz,a that capaurine (40) and capaurimine (42,
R,=H) exist in a conformation with a gis B/C juncture with two
half-chair rings (F in Scheme 25). The other tetrahydroproto-
berberines to which conformations were assigned 82 by this method
are canadine (25), tetrahydro-¥-epiberberine (56), thaliotricavine
(67), mesothalictricavine (58) and compounds (59) and (60),
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Scheme 25

(68) (59 B=CHgy) {60 R=CH,)
(61 R+R=CH,) (62 R+R=CH,)
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Recently, Kolb and Stefanovic®® have commented that, of the
different methods avallable for the determination of stereochemistry
of the indolizidine and quinolizidine systems, the most reliable
method 1s the measurement of the rate constants of quaternisation
of the bridgehead nitrogen with methyl lodide.

Table II°% gives the rate constants k for the methiodide for-
matlion of four 13w-methyltetrahydroprotoberberines (59-62), from
vhich it is clear that cis-quinolizidine compoumds react at a much
faster rate than their corresponding traps compounds, in agreement
with the findings of Shamms et s1.32

Table II

trons-quinelizidine gis.guinolizidine

(59) (61) (60) (62)
Rate x 107 see~l 1.3 6.4 98.62  98.70
(31,5%) . 1,3% 3418
¢-CH, doublet® §, ppm 0.93 0.94 1.48  1.44
By (tle, silica gel,
CHC1,1MeOH:E£OAC=201112) 0.8 0.8 0.2 0.2
2 .t 25° per.32 b via v

The value of k for the 4raps compound studied does not change
significantly with temperature and the most likely conformation is
A. The cis compound can exist in conformations B or € and is
perhaps an equilibriuwe mixture in solution. At lower temperatures
B is expected to be in preponderance, where the lone pair on
nitrogen is not sterlcslly hindered, while at higher temperatures,
it perhaps has to move to conformation €, where the axial methyl
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group comes in proximity to the nitrogen lone pair and this

naturally makes the rate of gquaternisation slower.
Kinetic data on quaternisation of alkaloids (25), (56) and
(62-66) are presented in Table 111,34

Table IIT
substituents k x 104sec'1
(t)-compound o
_ R,y Ry Ry R, BEg 31.5
(56) OCH; OCHy H OCH,0 17.99
(63) 0OCH; OCH; OCH,0 H 7.20
(64) OCH,0 H 0CH0 10.67
(65) OCH50 0CHL0 I 7.34
{66) OCH,0 H OCH; OCH, 21.11
(25) OCH,0 OCH, OCH, H 18.69

A1l these compournds have relatively lower reaction rates
comparable to the trans-quinolizidine compounds of the 013 nethyl
gseries, Hence in accordance with the general view zll these

compounds exist in solution with B/C trans ring fusion.

The rate of Quaternlsation of the tertlary nitrogen in these
compounds woiuld depend upon the basicity slso. 5o, the effeect of
gsubstitution pattern on the basicity of nitrogen becomes another
importanﬁ factor besides steresochemical considerations of the
different conformations, Here it mugt be borne in mind however
that the stereochemigtry by itself can influence the basicity.
Pable IIT indicates az trend towards faster rates for the 10,11-
substituted compounds compared to those of the corresponding
9,10-subsbituted ones, considering the pairs (56) and (63), (64)
and (65) and (66) and (25), which is in accordance with their
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observed mobility on tle. It is to be noted that all these are
likely %o have a trans quinolizidine jumetion and the difference
in basicity is only due to the varylng substitution pattern,

In Table Iv34 are given the rates of quaterniéation of a few
tetrahydroprotoberberines, which contain a phenolie group.

Table IV
(f)-compo nd substituents x x 104360-1
By B Ry R4 Ry Ry 31.5°
(67) H OCH,0 OH OCH, H 29.52
(68) H OCH3 OCHé OH OCHG H 32,00
(69) E OCH, 0H H OCH,0 40.30
(48) OH OCH3 H " 0053 OCHa 44. 00

411 these four compounds have intermedlste rates between the
e¢is and iraps-quinolizidine series. Thelr rate constants, part-
jeularly of (¥3-(69) and (¥)~caseadine (48) approach more towards
the walunes that would be expected for the cig-quimolizidines, even
after allowing for the Iincreased basicity of these compounds
beecause of J0,ll-oxygenation. Shamma gg_g;.?z while dealing
with the stereochemistry of capaurine (40) and capaurimine (42 R =H).
had pointed out that th;ir rate constants 78 and 89 (both at 26°)
were indicative of the predominance of eis-gminolizidine confor-
mation, Similarly, it is gossible to propose that (Z)-caseadine
(48) exists in solution preponderantly in the g;g—quinolizidine
conformation, However in view of our findings that phenolic
tetrahydroprotoberberines have a faster rate of quaternisation

compared to6 the corresponding alkoxy derlvatives, it is obvious

—1405—




that guch deductions must be msde with caution and may concelvably

lead to wrong conclusions.
2.3 IR Spectroscopy - Bohlmann Bands

Takao and Iwasa27 have recently made significant contributions
to evaluate the use of Bohlmann bands in deciding the nature of
the B/C ring junction in tetrahydroprotoberberines. For this
purpose they studied 22 tetrahydroprotoberberines which were
clasgified into three categories; class I conbaining 10 alkaloids,
all of which had earlier been accepted to contain ring B/C & s
on the basis of the presence of Bohlmann bands; elass II, capaurine
(40), capaurimine (42 R,=H)(and their derivatives), which had
once been considersd by Kametani et al.°> as having trans B/G
Jjuneture on the basls of the presence of Bohlmann bands but later
shown to have gis B/C ring jJuncture on the basis of X-ray erystallo~

graphic studles 23

and class TII, meso-i3-methyl (013'3’ CigaH
trans) tetrahydroprotoberberines, all which had been shown to
belong to the B/C gis form, on the basis of pmr spectral data
and the absence of Bohlmann bands.

The necessities for the study arose because there was some
confusion and difference of opinion whether ir absorptions in the
26002830 cm™+ region can be considered to be Bohlmann bands
without exception, The 1ir spectra of tetrahydroprotoberberines
show two bands at e¢a 2750 and cg 2800 en™> ( these bands being
termed as X and ¥ bands respectively). The apparent molecular
absorptivity (€) and apparent integrated intensity (B) of these
bands were measured. The magnitude of these values and the
substitution pattern of rings A and D helped these authors to
classify the alkalolds as mentioned above. 4 study of the
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deuterated (at positions 06,08 and clBa.) derivatives of alkaloids
in clags I enabled them to conclude that their X and Y bands were
indeed Bohlmann bands. Extending their study and arguments to
class IIT alkaloids, these authors concluded that although these
were predominantly ¢is-guinolizidines, the B/C ftrans form was
present as a minor, but definite component of the equilibrium
mixture. These conclusions were substantiated by studies on the
corpesponding deuterated derivatives.

The results of studles on alkaloids of class II may be sum-
marised as follows, Kametani _g.i?g,_zsc had abtributed the X and
Y bands of capaurine (40) to the OH group at C,. However, it was
found out that the X and Y bands do not change on deuteration of
the OH group, Showing that there was contribution from trans-qui-
nolizidine and that the proportion of this form in the equilibri:um
mixture was lower than those in class III. This conclusion was
also supported‘by pmr spectra. It was seen that among the
alkaloids of group II the values of € and ¢, decreased in the

y
order of bulkiness of the substituent at ¢y i.e., 0H<OGH3<OCOC}13

{0COC H,Br, with a corresponding linerease of the cis component
in the equilibrium mixture.

It may therefore be concluded that In tetrahydroprotoberber-
ines, the B/C traps form should predominate overwhelmingly in
the equilibrium mixture of class I and the B/C gls form In that
of class III, while the position of the equllibrium would be
shifted to the B/C frans side in the class II compared to class
ITI, Since the substituents at C, and C:L:-3 are closer 40 each
other in the B/C trans form than in the gjis, substitution at these
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positions should decrease the stability of the B/C trans form
more than that of the B/C cis form, thus favouring the latter.

On the basis of the study of Bohlmann bands in the ir
spectra in the crystalline state, Takao and IWaSa?T concluded
that in cless I and III, the preferred conformation present in
solution ig retained in the crystal state,i.e., cla..ss I compounds
adopt the B/C frans form and class III compounds the B/C cis form.
In the alkaloids of class II, in which the position'of the equili-
brium is shifted in solution to the B/C trans side compared to
class I1I, the crystal contalng only one of the configurations,
and it is interesting to note that in cértain cases the nature
of the B/C ring Junctlon 1is different between the optically
active compound and the racemats.

Thus Takao and Iwasa's quantitative studies validate Kessar's
earlier qualitative proposals.22 It clearly indlicates the
limitation of exelusive gualitative dependence on the Bohlmann
bands for assigmment of stereochemistry for B/C ring junction in
tetrahydroprotoberberines and algo establishes the faet that an
equilibrium mixture of cis and trgns (which may be preponderantly
cls or prepﬁnderantly Erans) forms exists, in practice, in all
cases,

In this connection, it is interesting to point out that
recently the ir speetra of trans-l,10-H-l-hydroxyguinolizidines
have been ztudied 36 using long-pathe-length cells and 2% of
the cls fused conformation detected in the equillbrium mixture.
1-Hydroxy-1-(phenyl-trans ~10-H)~¢uinolizidine was shown to exist
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as a conformational mixture of 60% trans fused (G) and 40% cis

fused (H) ring conformations .o’

Scheme 27

CgHs
LM —
OH

G

H

2.4. PMR Spectroscopy in Assignment of Stereochemistry

2.4.1., l-8ubstituted Tetrshydroprotoberberines

The angular proton at C,,, of a trans conformation in benzo[z])-
and indolo [aj-quinolizidines resonates at a field higher than § 3.8
whereas both ¢is conformations are characterised by a downfield
signal below § 3.80 for this proton.°® However, it is normally
aifficult to observe this signal in the pmr spectra of tetrahydro-
protoberberines in CDCl, solution, because the signals due to
methoxyl groups appear at © 3.80. When the Spectra are taken in
deuteriotoluene, the signals due to the angular protons are shifted
downfield and separated from the signals due to the methoxyl
groups, Eametani and u::owo;rkersg5 studied the pmr spectra of
compounds in deuteriotoluene.  (-)-0-Methylecapaurine (43),
(L)-orientalidine (44) and (£)-(45) showed the angular proton
at § 4.26, 4.24 and 4,37 ppnm respectively, as a quartet (J=12
and 4 Hz). On the other hand, the angular proton of the bases
(47 and 64) appearsat & 3,96 and 3.50 respectively, as a ¢uartet
(3=15 and 4 Hz). From the above chemleal shifts, it was deduced
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that in the foprmer three compounds the quinolizidine system
adopted predominantly the gls conformation. The splitting
pattern of the angular proton in (43), (44) and (45) suggests

that the ¢is form is not C but B, The difference between the
chemical shifts of the angular protons of 3-methoxy-l1,2-methylene-
dioxytetrahydroprotoberberine (47) and (64) was considered to be
due to the anisotropy of the oxygen substituent at the Cy position
in the former. '

In this connection, it is intereéting to report on caseadine
with structural and stereochemical implications., Table vsg
gives the pmr spectral data of (-)-caseadine (48) and the
synthetic compound (=)-(48) in CDC1, and G D4

Table V

220 MHz- FMR Chemical Shifts ( &, ppm)-

(-)-caseadine (48) (Dy-tas)
€DC1, ¢Ps €DC1, Cde
0CH, 3.84(s) 3.21 (s) 3.85 {g) 3.22 (8)
3.85 (s8) 3.39 (=) 3.86 (s) 3.392 (s)
3.87 (8) 3.49 (s) 3.80 (s) 3.49 (s)
Cyge~H 4,10 (q) 4.29 (a) 4,15 (q) 4,36 (q)
& (J= 12 and 4 Hz) (J= 12" and 4 Hz)
Cq and Cip-H  6.58 ()  6.42 (s) 6,59 (s)  6.39 (s)
6.61 (2) 6.53 (8) 6.61 (s) 6.48 (g)
C,-H 6,66 (d) 6.44 (d) 6.67 (d) 6.43 (d)
3 (J= 2 Hz) (I= 8 Hz)
C,-H 6.76 (4) 6.62 (d) 6.77 (d) 6.60 (4)
(J= 8 Hz) {J= 8 Hz)

The 220 MHz pmr #pectrum of both showed the angular proton
at & 4.15 ana 4,10 ppm in CDCIS and at & 4.36 and 4.29 in Csls>
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as a quartet (J=12and 4 Hz), This indicates that natural
ecagseadine and the synthetic compound may exist in the eig confor-
mation B, This proton was not identified in the natural alkaloid,
but the presence of trans-guinolizidine mucleus was inferred only
on the basis of the presence of Bohlmann hands in its i» spectrumfas
Kametani gi_g_.40 and Iida g;_g;.él have reported the pmr spectral
data for the synthetlc compound, but no mention has been made
regarding conformation. The signal at & 4.05 (CDC1l,) was however
assigned to the angular proton.40 The 1r spectra of (~)-caseadine
and of the synthetic compound in chloroform solution were found

to be nonidentlcal both by Kametanl gg_g_.4o and by us.ag
Kametani, therefors, suggested the alternative strueture (70) for

caseadine, Since ir spectra have been compared in solution, the

Scheme 28

{70)

observed differences can not be attributed to differences in
stereochemistry., On the other hand, a& 1% seen from Table V,
chemical shifits of varlous protons of caseadine and the synthetic
(*)-compound are very close, especially those of the methoxyl
groups which are practlecally identical. It appears somewhat
doubtful whether (70) with a methoxyl at cl can account for this

observation. The problem calls for further studies.
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2.4.2 12.Substituted Tetrahydroprotobarberines

The stereochemistry of 13-methyltetrahydropr_cﬁoberberines
have also been established by a study of their pmr spectra'.42 143
The group represented by thallctricavine (57) and eavidine (Base
II) (71) was deduced to have a Irans-quinolizidine and that by

mesothalictricavine (58) and thalletrifoline (51) was congsidered

to have a gis-guinolizidine system.
Scheme 29

There are three noticeable differences between the two groups of
diastereomers42-the chemical shift of the (:--(:H3 group (see Table
I1), the coupling constant between the protons at Cya and clSa and
the chenical shift of the twdb protons at CS. The chemical shift
of the C-CH3 in thosze compounds with cis hydrogens is about §1.0
while it is about § 1.5 in the systems with trans hydrogens at
these centres, an observation also made earlier by Shamma g_g_ilfz
for two synthetic l3-methyltetrahydroprotoberberines. 1In the
systems in which the hydrogens are trans, the C-CH, group lies
nearly in the plane of ring D and is therefore deshleslded. The
eoupling constants between H-13 and H-13a are about 3.0 H% in
the systems with cis hydrogens and about 7.5 Hz In the systems
with trans hydrogens. 1In the trans fused system of corydsline

{52), the c8 protons have a large difference in chemical shifts,
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b 3,49 and 4.19; but in the cis fused system incorporated in mesow
corydaline (53), this difference is quite small, namely b 2.97
and 4,14,

In thelr independent and concurrent study, Govindachari et gﬁs
have deduced the conformations for dl-thalictricavine (57) ang dl-
mesothalictricavine (68). In the former, the CLH, was found as a
doublet at 8 0,93 and in the latter at B 1,43, Based upon this
observation the o and pforms of tetrahydro-13-methyl-Yr-coptisine
(61 and 62) were identified. The oiisomer had the methyl doublet
at § 0.94 while the P-isomer had this doublet at & 1.44,%
Ophiocarpine ('?2)45’ 12 and 13-p -~hydroxystylopine ('?3)4‘6
are two l3-hydroxytetrahydroprotoberberine zlikaloids. Based on
ir and pmr spectral data, these alkaloids are shown to exist in
B/C trans conformation with a hydrogen bonded hydroxyl, as
Indicated in the partial structure X.

Scheme 30

(72) R= CH,
(73) R +R= CH,

2.5, CMR Spectroscopy

2,5,1. 1.5ubstitubed Tetrahydroprotoberberines

It was expected that some of the carbons of the cis-quino-
11z4dines would resonate at a higher field than in the trans-
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47 25

quinolizidine owing to -sffects. Kametant and coworkers
have pointed out that the preferential conformation in the
dibenzo [a,g]) quinolizidines can be determined by the comparison
of the chemical shift of CG. Tetrahydroprotoberberines with a
hydrogen at €, show the signal due to Cy at 54 *1 ppm, even if
the pattern of the substituents on ring A and D are changed,

Compound (47) showed the signal at 51.1 ppm, indicating a

preference for trans-quinollzidine., For («)-capaurine (42 R4=HL
(«)~0-nethyleapaurine (43) and compounds {45) and (46}, the sipgnal
due to Cg appear at 49,3, 48,3, 47.1 and 46.9 ppm respectively.
Owing to the steric inferaction between the C,-0R and C,,-hydrogens
in these four compounds the quinolizidine conformation must be
shifted over toward the gis form B.

2.5.2. 13-Methyltetrahydroprotoberberines

The stereochemistry of 13-methyltetrahydroprotoberberines
was recently studied by the application of cmr SpeqtrOScopy.48
It has been deduced from pmr studies that corydaline (52) is a
trans~quinolizidine and meso-corydaline (53) is a cis-quinoli-
zidine, in which the methyl groups are axial and equatorial
respectively in ring C. The change from a trans to a ¢is confor-
mation is evident in the upfield shift of carbons 05,C6,08 and 013
and is attributed to Yegauche interactions *°

On the other hand Clsa moves slightly downfield, a trend also

in the c¢ls compound.
observed in the quinolizidine systems. The methyl group also

moves downfield as it changes from an axial to an equatorial
position, and a similar shift ls observed at cl {see Table VI).
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Table VI
CMR Chemical Shifts ( S, prm )

Compound C1 cs Cq Cq 013 C13a C-CH3
corydaline (52) . 1log 29,4 51l.5 54.5 33.4 63,1 18.2
mesocorydaline {(53) 112,3 28,1 47.0 Bl.)l 34.6 84.2 22.4
cavidine (71) 102.8 29,3 51.3 53.24 38.7 63.2 18.5
thalietrifoline(s51) 112,0 27.6 46.9 49.8 34.2 63.83 22.4
0-methylcapaurine (43) 30,0 48.2 53.3 33.0 65.5

It is of inteprest that a similar downfield shift is observed in
the proton spectrum at these two positions.42 ‘Both steric and
anisotrople effects may play a role in causing the observed
changes.

The analogous diastereomeric palr cavidine (71) and thalic.-
trifoline were also examined and gave similar results,*® Tt is
apparent then that cmr SpectroScopy may be used to assign the
reiative configuration to the i3-methyltetrahydroprotoberberines,
However the changes occurring in carbon chemical shifts due to
stereochemical changes are quite complex and differ according to
whether substitubtion at position-1 or 13 is causing the distortiom.
Kametani ej;g;.25 found that the quinolizidine system 1s preferen-
tially in the cis form, when a methoxy group is present at cl,
based on the upfield shift of the signal at 06‘ Comparison of
the published spectra of (43)25 with those of (52}, (53) and (71)
revealed some interesting differences.48 Whereas in the cis-qui-
nolizidines like (53}, C5,C4, Cgand Cy4 all undergo upfleld
shifts relative to the trans-~quinolizidines like (52), only Cq

and €y, are appreciably affected in (423). €y and Cg of (43) are
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negligibly affected as compared to the 13.methyl compounds. Thus
the conformations of the cis-quinolizidines resulting from the
methoxyl substitution at C, must differ appreciably from those
of the cls-gquinolizidines resulting from methyl substitution at

013.
data avallable and further work i1s necessary to resolve the

The orlgin of this differeonce is not apparent from the

problem.48
In this copnection, Kametani et al.2® have pointed out that

chemical shifts of Cg Ccan be made use of to differentiate between
9,10 and 10,1L-substituted tetrahydroprotoberberines. The 08 of
the 9,10-substituted compounds appeared at a higher field than
54.0 ppm, while the Cg of the 10,1l-substituted ones resonates at
a lower field than 57.0 ppm. The steric perturbation by the Cg
substituent caused this difference, a fact which is useful for the
structure determingtion of natural products. It is noteworthy
that the signal of Cg remains unaffected whether there is OH or
OCH, at 09.48 The oxygen atom at Cq thus appears to be
inmplicated,

50 studled the cmr specira of dquaternary

Yoshikawa et al.
protoberberines in deuteriotrifiuorcacetic acid and determined
their preferentisl conformations by comparison of the chemical
shifts of Cg and N-CH, groups.

2.6, Stereochemlstry of 8-Methyltetrahydroprotoberberines

Corytenchirine (74) is the first reported example of a

naturally occurring S~substituled tetrahydroprotoberberine,51

although a synthetic compound coralydine (76) was known

earlier.52
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Schene 31

(74) R=H
(75} R=CH,

Coralydine {76) and O-methylcorytenchirine (75) are stereo-
isomers, Comparison of the pmr and ir spectra of these two
compounds enabled these authors to determine their stereochemtstry.
The signal due to the methyl group of coralydine {76) at Cq
appeared at lower field (§ 1.53) than that of O-methyl-
corytenchirine (75) (5§ 1.40) and the Cg-H signal of the former was
at higher field (4 3.6 - 3.8) than that of the latter (& 4.06).
The chemical shifts of C,-H of both these bases were determined
by a decoupling technlque. In the ir spectrum, coralydine showed
characteristic absorptions in the reglon 2700-2800 cm”l, but
O-methylcorytenchirine showed no absorption in this region. It
was therefore deduced that the Cs-H of coralydine (76) is axially
disposed and gis to Cyq -H {and hence B/C irans), whereas Co-H |
and Gy -E of O-methylcorytenchirine (78) are trans (and hence
B/C cis). gcis-Conformation of corytenchirine (74) 1is also
supported by the chemical shift of Cg (48.6 ppm).53

Brossi _e_t__g,;._.54 synthesised the optical isomers of coralydine
(76a, 76b) and O-methyleorytenchirine(75a, 76b). ipgps-Juncture
of ring B/C in (76a) was inferred from the presence of Bohlmann
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bands in its ir spectrum in chloroform; the abSence of these bands
in the case of (75a) showed a cis B/C fusion., Since the authors
felt that the ring junction in tetrahyiroprotoberberines, as well
a8 the conformation of the hydrogen at position-8 can not be
unequivocally derived with the help of pmr and cmr Spectra, X~ray
analyses of the bases (4)-coralydine (76a) and O-methyleorytenchi-
rine (75a) were carried out. In the case of coralydine, the Ca
methyl group and C,, -H have the same R-configuration; B/C ring
carbons trans fused. In O.methylcorytenchirine (75a) B/C rings
are cis fused; the configuration of methyl group at 08 is 8,

the hydrogen atom at cl.‘Ba is R. ¥-ray analysis of 2,6-dibromoe
4-nitrophenolate of (75a) howeyer yielded surprising resulty

this salt exists as a diastereomeric mixture of equal propor-

tions of cis and trans fused quinelizidines. The exlstence of

a mixture was also noted from the pmr spectrum of the protonated
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form of (76a) which was seen %o exist as a 1:1 mixture of gis
and trans-quinolizidines., However, the bases recovered from the
acidic solution appeared once again in the oripginal pure cis or
trans-quinelizidine forms.

It may be commented here In passing that this is perhaps a
migue instance wherein a conformational change of protoberberine
brought about by acid has been demonstrated by pmr spectroscopy.
Variable temperature pmr studies of protoberberines substituted
at Cl, CS or 013 nust throw valuable light on conformations and
their equilibria and may be worthwhile to undertake.

2.7. Absolute Confipguration

The assignment of absolute configuration of alkaloids of the
tetrahydroprotoberberine series has been well reviewed by Jeff512
and recently by Kametani.55 The absolute confipguration of tetra-
hydroprotoberberines has been established chemically and
spectroscopleally. Among the 13-methyltetrahydroprotoberberines,
those belonging to the corydaline (52) series, having a trans-
quinolizidine system have been assigned absolute configuration
based upon the similarity of their ord spectra to that of canadine
(25)., It was assumed that the substituent at position-13 in the
eorydaline series will not affect the ord spectrum significantly.
However this can not be extended to thalictrifoline (51), sinece
this has a different (¢cis) geometry for the guinolizidine system,

The problem awaits solution either by X-ray crystallographic
study or chemical means.  The exclton chirality method56 mnay
also find a frultful application in this problem,

Interesting results were obtained in the attempted synthesis
of (f)-thalictrifoline, If sucéessful they were to be extended to
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the prohlen of resolving the absolute configuration. These results
are presented in section 6.

3. PMR Spectroscopy in Assipgning Positlions of Substituents

An earlier section (2.4.) dealt with the use of pmr spectro-
acopy in elucidating stereochemistry. This saction describes its
considerable application in locating perlpheral substltuents.

Oxygenation pattern in »ing D of tetrahydroprotoberberines
may be deduced from ar examination of the protons at Cqe In the
case of 9,10-substitution, an AB quartet 12 invariably observed
(SA'V4.35, SB“‘3°65, Jyp~ 16 Hz), but the high fileld segment
is likely to be obscured by methoxyl signals. In alkaloids with
10,1l-substitution the 08 protons appear to be a broad singlet
(§ 4.05) partially underlying the O-methyl signals.®’

Jewers and coworkerss8 studied the pmr spectra of nineteen
different protoberberinium salts., In the light of this study,
they found that the published pmr data of alkaloid B (77) isolated
from Coptis ggoenlgndicg?Q was inconsistent with the structure
assigned. They revised the structure as (78) and gave it the
trivial name groenlandicine. This structure has recently been

confirmed by the synthesis of ils tetrahydro derivative,so which

Scheme 33

(78)
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was found to be ildentical with the tetrahydro derivative of
alkaloid B..

Suguna and Pa161 examined the chemlcal shifts of the methylene-
dioxy group attached to 02’3 s C9,10 and 010,11 positions both in
protoberberinium salts and the corresponding tetrahydroprotober-
berines, In the case of tetrahydroprotoberberines the chemical
shifts of methylenedioxzy protons are very nearly the same

(8 5,93 ¥ 0,07) whether the group is in position Cp 4, C r
3

9,10 °
°10,11‘ But in the case of berberinium salts the protons of methyl-
enedioxy group at ca’3 are observed at & 6,10, while the protons

of the methylenedioxy group at 09’10 or cm’11 are shifted down-
field to about 8§ 6,40, presumably due to the greater aromaticity

of ring C compared to that of ring B.

Naruto et al,°C inferred the location of the methoxy and
hydroxy groups in ring D of 2,3,9,10~substituted tetrahydroproto-
berberine type alkaloids from the signal pattern of the aromatic
proton region of the pmr Spectra measured in dimethyl sulphoxide—d6
solution. They pointed out that those compounds with 09-0H and
010-OCH5 show the signals due to c11 and &'.21.2 protons as an AB
quartet (J=8.5 Hz), whille those having Cg,lo-dimethoxy (or c:g--()(':}{:3
and clO'OH) groups show the signal of €4 and C,p bprotons as a
singlet of coincident chemical shift. The structure of capaurimine
(42 R4=H) was thus established, since the 011 and C,, protons
appear as a singlet at § 6.65.

In comection with the studles on the tautomerism of

63

quaternary salts, Santavy et gl} observed that the chemical

shifts of the protons at 08 and 613 in protoberberiniun salts is
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affected hy the position of the substituents of the aromatic
nucleuns D, Substitution by a methoxyl group at c9 and C10 causas
a $light diamagnetic shift (0.02-0,04 ppm) of the signal of the
proton at 08 corresponding to its position in the uvnsubstituted
compound., Substitution by methylenedioxy group causes a diamag-
netic shift of the signal of thils proton by about 0.27 ppn.
Oxygen substituents at °10 and cll cause an upfleld shift of this
proton by 0.37 ppm (dimethoxy groups) and by 0.60 ppm (methylene-
dioxy group). The change in the chemical shift shows that the
electron accepiing effect of gquaternary nitrogen 1s smaller when
éubstitution in the positions 10,11 takes place compared to that
in the positions 9,10. TIn either case, the signal of the resonance
of the proton at 013 is shifted upfield due to substitution with
methoxyl compared to that on substitution by a methylenedioxy group
The position of this signal is not affected by the change in the
position of the substituents from c9 to Cll‘ The chemical shift
of the profton at c13 is only affected by a different induective
effect of the oxygen substltuent at C,, (OCH3 or 0CH,0).

On conversion of the guaternary salt into a pseudo base,
the chemical shifts were pushed upfileld, the most marked shifi was
that of the hydrogen at Ci5 (2.6 to 2,9 ppm) e

4, Mass Spectrometry

Tetrahydroprotoberberines undergo facile fission at the two
benzylic bonds as shown in Scheme 34 In what amounts to a retro-
Disls-Alder regction, The mode of formation of ions II, IIT and
IV has been discussed by Ohashi et a1,%®  Those alkaloids with a
hydroxyl group in ring D are characterised by the presence of a

base peak corresponding to ion I. Moreover, 9-hydroxy-l0-methoxy
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compounds wmay be differentiated from thelr 9-nethoxy-10-hydroxy
analogues. Those with the former substitution pattern prefer-
entially expel a methyl radical from the equivalént of ion III,
yielding an ion m/e 135, whereas the latter lose a hydrogen
radical glving rise to a new ion at m/e 149. But it is not

Scheme 34

—
Ba— o
Ry R
I1I v
. ""\+
\Ti/\iu ~CH, \G:ZH
—_—
CHz .
n/e 150 m/e 135
+ +
L -
—
H o
n/e 150 m/a 149
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possible to differentiate between a 10-hydroxy-ll-methoxy compound

and another with a reverse arrangemerit, because ion III from the
two systens are equivalent.

In tetrahydroprotoberberines with 9,10-dimethoxy substitution,
the molecular ion and jon IV are more Intense relative to the base
peak of the spectrum, than they are in thoge with 10,11-dimethoxy
substitution.57

Richter and Hanssen

tion pattern of 23 different tetrahydroprotoberberines, 9-methoxy

66 studied the mass spectral fragmenta-

tetrahydroprotoberberines were found to exhibit pronounced
(M-0C33)+ lons in thelr mass spectra as compared to lsomers or
homologues laeking such substitution, yet carrying methoxyl
substituents at other sites., The proposed mechanism for this

preferential loss of 9-substituent is as follows,

Scheme 35
R ) _—
OCHz, e CHg
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Cleavage of 13,13a~ bond Severing ring C is for obvious energetic
reasons, the most favourable introductory step probably responsible
for most of the fragmeniation processes observed within thls glass.
One of the conceivable pathways enabling re-cyclisation of the
resulting 'open' molecular ion by ionic (in contrast to radical
type) attack at Cq can be visualised as shown.

(-)-Stepholidine (72), which was earlier isolated and whose
structure was assigned by two different group of workers,67’68 was
shown to exhibit a significant (M-Ocné) pesk at m/e 296, thus
confirming the 9-methoxy substitution.66 This structure has recently
been confirmed by its synthesis through different routes.69

Similarly, discretamine70

was assigned structure (80); this was
synthesised by Tani g&_g;.s in comnection with the synthesis of
corydalidzine (81) though the synthetic compound has not heen
compared with the natural sample.

Scheme 36

(79) (80) R=H
(81) R=CH,
Berberine and other pseudohases do not exhibit the expected
molecular ion peak. Instead it was found that berberine
disproportionates into dihydroberberine and okyberberine.7l

Mass spectral fragmentation of tetrahydroprotoberberine
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methiodide is initiated by pyrolytic decomposition with elimi-
ngtion of hydrogen iodide or methyl lodide, The resulting
spectrum is considerably similar to that of the corresponding
tetrahydroprotoberberine; it contains predominantly fragments

of the tertiary alkalold formed by pyrolysis. The constitution
of escholidine lodide was thus studied by Slavik gg_g;.72
Several other guaternary metho salts were also found to behave
similarly.’®

5, Ultraviolet Spectroscopy

Tetrahydroprotoberberines absorb in 282.289 mm region with
occassionally a shoulder near 230-240 rm. Bubstantial absorp-
tion also occurs around 21C nm, but generally this bard has not
been relliably recorded or has gone unmentioned, Tetrahydroproto-
berberines substituted at 02,3’10’11 cgz not be readily differen-
tiated from their 02,3’9’10 analogues, -~ Introduction of a methyl-
enedioxy instead of two methoxyl groups gives rise to a bathow
chromic shift of the uv absorption bands at 282-289 nm and at
930-240 mm. 0

A drastic alteration of the uy spectrum occurs, however in
the case of protoberberinium salts when changing from ¢,10- to
10,11-substitution pattern. The 9,10-substituted salts show
a minimum at 201-310 nm, while their 10,ll-commterparts show
strong absorption in thils region, in the form of a pesk or a
shoulder.74

There does not seem to be a record of shifts in uv spectra
of phenolic tetrahydroprotoberberines in the presence of sodium

hydroxide, when the hydroxyl group is in different positions of
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the aromatic nucleus. The uv spectra of tetréhydroprotoberberines
with hydroxyl group in different positions were run in alecohel

and aleohol + 0,1 M sodium hydroxide solutions, The alkali
induced shift was about 5 to 6 nm in compounds containing one

(3]

hydroxyl group.7 This shift does not seem to be of help in

fixing up the position of the hydroxyl group in the tetrahydro-
protoberberine skeleton, unlike as Iin the case of aporphines.77

The effect of anions and also the effect of the polarity
of the solvent on the position of the uv bands of protoberberinium

salts were studied by Preininger et al.78 The differences between

the uv 8speetra of 9,10-substituted protoberberinium and-the corres -
ponding 10,11-substituted protoberberinium bases are caused by the
location of the substlituents in the avomaile ring D. The electron
donor oxygen substituent at °11 has a considerable effect on the
polarity of the isogulnoline system, which 1s responsible for the
differences observed in the position of uv bands in these pseudo-
hases., The tzutomerism of the quaternary bases of 2,10~ and 10,11~
substituted protoberberinium compounds has been studled by uv
Spectroscopy.63 Pseudobase formation by addition of a methoxlde
ion has also been studied by uv speciroscepy in elghteen dlfferent
protoberberinium cations.e4
6. Synthetic Experiments

The methods in use for the synthesis of tetrahydroproto-
berberines and berberinium salts have been exhaustively reviewed
by Pelz,79 Szhe.xramaz4 and Khmetani.ss Some of the recent publi- :
cations which have dealt with synthetic aspects are by Shamma and
Georgiev,so Hagata gﬁ_g;;§l Ninomiya et al.82 and by Lenz.83
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Cavidine (71) and Base II have recently been compared®™ and
were found to be ldentical. Base II was synthesised by
Ninomiya gﬁ_gl.az Dohydrobase II was found to be identical with
dehydrothalictrifoline 85 and it was further reduced to (t)-thali-
ctrifoline (51) and (F)-cavidine(71). Much before the appearance
of this publicatlon, Natarajen et _al °° bhad initiated the synthesis
of (t)-thalictrifoline (51) by an extension of the method employed
by Shamma for 13-methyltetrahydroprotoberberines.32 The goal was
not reallsed dbut interesting results were obtained, which are
reported here, Compound (82a) was prepared (which 1s the only
dlastereoisomer obtained on reduction of its dihydrolisoguinoline
precursor, probably due to the sterle influence of the bromine
substituent) and subjected to Mannich reaction under a varisty of
conditions, Interestingly, the product of the reaction was not
the expected (*)-12-bromothalictrifoline {(83a}), but a rearranged
product, whose structure Was established as a hexahydrooxazepinoe
jsoquinoline represented by (84a). The novel reaction has been
extended®’ to two other analogues (82b and 82¢), The structure
of (84b) was confirmed by X-ray studies and a reasonable mechanism
for this transformation has also been prOposed.86 Bxperiments
have been carried out to check the stereospecificitiy/selectivity
of the transformation,87

The Mannich reaction thus having failed to give the required
product, the N-formyl derivative (85a) of (82a) was prepared and
then subjected to phosphorous oxychloride cyelisation, followed
by reduction with sodium borohydride. The products obtained
were the two dlastereoilsomeric 10,1l-substituted tetrahydroproto-
berberines (59) and (60)., These two products were also obtained
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Scheme 37

a)R1=RZ=CH3;Rs+R4=CH2
b} Rl-l-Rz': GH2;Ra+R4=cH2
¢) Ry + Ry = CHy 3 Ry = Ry= CHy

when freshly distilled phosphorous oxybromide was used, However,
when crude (undistilled) phosphorous oxybromide was the cyclising
reagent, it was noticed, after sodium borohydride reduction, that
apart from (59) and (60) another compound (862), which had the
bromine intact,was lsolated in very small amoumts.88 It was found
that a mixture of phosphorous pentoxide and phosphorous pentabromide
(2:1) in benzene effected the cyclisation very well giving rise to
four products, two of which contained bromine (86a) and {87a) and
the other two were (59) amd (8n), The two bromo compoumds on
debromination gave (59) and (60), respectively, thus indicating
that the original bromine was eliminated before cyclisation and
subsequent rebromination had taken place. That the bromine In

(86a) and (872) was in ring 4, and not in ring D was shown by

mass spectrum and the most probable position was fixed as 04 based on
steric considerations. A point in favour of using phosphorous
pentoxide~phosphorous pentabromide mixture is that the total ylelds
are good (75-80%)and reproducible and that both the cis and trans-
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guinolizidine isomers are obtainable in equal amownts. This method
was extended to {85b) and similar results were obtained.89
Scheme 38

(865a) ~——————— (59} + (B0) + (86a) + (87a)
(61) + (62) + (s6b) + (87b)

{85b)

When there 1s no methyl group in the ol-position of the Nformyl-
1-benzyl-1,2,3,4-tetrahydroisoguinoline, as in (88), cyclisation
by erude phosphorous oxybromide followed by sodium borohydride
reduction gave rise to 12.-bromo compounds, in rather low ylelds,
which could then be debrominated to the 9,10-oxygenated tetrahydro-
protoberberines. Accordingly Pai and coworkersgo synthesised
dl-canadine (25), dl-sinactine (63) and dl-stylopine (&5).

Scheme 39

(88) (89)
a) Ry + Ro= CHy 5 Ry = Ry = CHy
b) R1 = Rg = CHg ; Ry + Ry= CHo
¢) Ry +Rg =Rz + Rq = CHp
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Interesting formation of tetrahydroprotoberbarines has also
been observed during the course of the photochemical synthesis of
phenolic noraporphines. Tor thils synthesis it became necessary
to prepare a mumber of l-(5-benzyloxy-2-bromobenzyl)-1,2,3,4-
tetrahydroisoquinolines with one or more methoxyl groups in eilther
ring &4 or C of the benzylisoquinoline, During the debenzylation
of these tetrahydroisoguinolines (90) to give the corresponding
phenolic bases (91), it was observed that in addition to the
expected bases, 12-bromotetrahydroprotoberberines (92) were
invariably formed. When the phenolic iszoquinolines (91) were

Scheme 40

(93)
(90),(91),(92) ana (93) a) Ry + Ry, =0CH,0 ; By = OCH,

(90) ¢) R, = 0Bz ; Ry = Ry = OCH,

OF 3 Ty = Ry = 00y

(91),(92) and (93) ¢) By
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subjected to photolysis, besides the expected noraporphines (93),
12-bronotetrahydroprotoberberines (92) were again found among

o1 This was further investigated

the other products of reaction,
in compounds having different substituents and in all cases,
similar observations were made.92 The 12-bromotetrahydroproto-
berberines have been debrominated catalytically. This study has
recently been extended to an ethoxy substituted compound and
preliminary investigation shows that an 8-methyltetrahydroproto-
berberine is formed both during debenzylation and photolysis.®

When we finalised this manuscript, our attention was drawn to
an interesting article by Pavelka and Kovar,94lwhich deals with
the symthesis and gbsorption spectra of some 13~alkyl, 13-alkoxy,
9-a1koXy and 8-oxo derivatives of berberine and the related
compommds .
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