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Abstract - This review presents some considerations on the in-
fluence of Inter- and extramolecular factors of bisguinolizidi-
ne alkaloids on their sterecchemistry, chemical and physico-
chemical proverties /also: proton-acecentor/ and configuratio-

nal-conformational equilibria,

Studies on the Influence of given intra- and extramolecular factors of
bisouinolizidine alkaloids on the stereochemistry and thus on their pro-
ton-acecentor properties have been carried out in our Laboratory for many
years.1'6

Bisguinolizidine /bis-Q/ alkaloids are characterized by a complex spatial

structure, which, depending on the conditions may undergo specific chan-

ges_3,7-9
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This paner is dediecated to Profegsor Masatomo Hamana on the occasion of

his 75th birthday.
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0f special interest was the dvnamic stereochemistry of sparteine deriva-
tives, and it involved determination of the degree at which even small
gtructure changes, and possibly, other extermmal factors, may affect the
electronic and stereochemical structure as well as basic properties of
the studied systems.

The basic biomolecule of the bis-Q structure is sparteine /1/, which is

7 condensed at 7,9 positions accor-

composed of two gquinolizidine moieties
ding to the numbering of atoms of the whole molecule skeleton /as 1t is
usually done/., Thus, 1 has four chiral carbon atoms: C6,C7,C9 and C11,
Likely sterecisomers of the big-Q system are determined by relative posi-

tion of cis and trans hydrogen atoms at C6 and C11 against lone electron

pair of nitrogen atom /N1 or N16/. Of the four theoretically possible
combinations of both quinolizidine systems, only three actually occur,

termed: £ -isosparteine, which is trans-trans system of bis-Q, all-four

chairs; Fs-isosparteine, which is gig-cis system of bis-Q, all-four

chairs; sparteine, which is trans-cis system of bis-Q, all-four chairs.

In sparteine molecule /1/?’8'9 the trans-cis system of bis-Q presented
only in golids /similarly as in [®-isosparteine the cig-cis aystem of bis-
Q/, while in solvents /aprotic,e.g. dichloroethane, benzene, chloroform/

a confisurational-conformational equilibrium is reached, markedly shifted
towards boat-chair conformation in C-D rings, or in other wsrde, to the

trans-trans; chair-chair:boat-chair svatem, stable within the temperature

range -20°C - +100°C, In Fb-isosparteine,4’1o'12 accordingly there occurs

the cis-trang; chair-chair:boat-chair system, whereas in of -isogparteine,

both in solution and solid, the same system is found /see Scheme 1/. This

phenomenon results from repulsive interactions of lone electron pairs of

N1 and W16 of 1, which was proved on the basis of ir and nmr spectra and
specifically deuterated derivatives.d"q’g’w'15 trans-cis Bis-Q system
/all~chair/ is found in sparteine mono-8alts, where intramolecular hvdro-

gen bond is formed. As follows from the findings made so far, the A-B ring
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gvstem of sparteine /1/ is "rigid", i.e, not susceptible to inversion of
configuration about the W1, whereas the C-D ring system of 1 is "flexib-
le", i,e. susceptible to inversion of configuration about the N16. /Sche-
me 1/

I+ has been also accepted, following Wiewiérowski,5 to eall the trans-

trans system of bia-Q in which nitrosen atoms ¥1 and W16 are quasi-trans

with respect to each other - "tramsoidal” system, while the trans-cis
system, due to the same reasons - "cisogidal" system. /Scheme 1/

Thus, the key problem of the presented studies, the main object of which
was 1, was the pogsibility of stereochemical changes of bis-Q molecule.
Structural moedifications of its molecule concerned mainly three positions,
when the substituent was attached to C2 or C15 or C17, adjacent to nitro-
gen atoms, and when N-oxide function was introduced; the major aim of
these modification was the cbservation of any possible changes in the con-
figurational-conformational system and in proverties.

The starting voint of these studies om the system of substituted bia-Q was
the synthesis of 2-phenyl-2-dehvdrosparteine /g/,17 in which a mesomeric
vphenyl-en-amino system was introduced to a "rigid" trans-quinolizidine A-B
fragment of 1. /Scheme 2/

So far, unsubstituted enamines obtained upom 1 and its derivatives dehydro-
genation, have been only known to form immonium catioms, which are locali-

zed at the Jjoint .:>G = Nt::' of two rings of 6~membered guinolizidine

fragments.

In the case of the studied 2, the immonium cation obtained via its protona-
tion hag been found to be localized within the external ring A, and not at
the joint of rings, This was due to the fact that the proton was attached
not to nitrogen W1, dbut to carbon C3 end of the coupled enamine system.

The above observations, concerning both Fbc-protonation and position of im-
monium cation in the extermal ring, have been made for the first time for

this eroup of compownds,
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In the beginning it was necessary to explain the function of phenyl subs-

tituent at alpha to trans position of "rigid" joint of quinolizidine frag-

ment of 1 /A-B rings/ as well as the substituent effect on the properties

of the newly formed f,f-enamine system,

Protonation of 2

yielded three crystalline di-salts: hydrochloride /2-2HC1/,

hvdrobromide /2-2HBr/ ones, and perchlorate /2-2HC10,/ one. Quite imexpec~

tedly, di-salts turned out to have different vibration spectra, depending

—

on the tvpe of the introduced anion. To discover the causes for the dif-

ferences in ir spectra and to determine the effect of the substituent,

2-methyl- and 2-/p-tolyl/- analogs of 2-dehydrosparteine /3 and 4, respec-

tively/ and sparteine were additionally synthesized and then the results

were compared with those for the 2-vhenyl groun. /Scheme 2/

Though the experiments performed and comparisons made to this effect have

proved that phenyl substituent is not responsible for the abnormal vibra-~

tion and electron spectra of 2-2HC1 and 3—2H0104, they have not given the

answer as to the

genesis of the observed differences. The results of X-ray

structural analysis of 2-2HC10, let us reject the "cisoidal™ conformation

of this compound.18 This, however, imolies that the spectral picture /ir/

and structure of di-salts of 2 must be determined by the electron system

within A-B rings
that these salts

of the molecule. Therefore, the most probable solution is

are a resonance hvbride of three structures: /a/immonium,

/b/carbonium, and /e¢/"quinonium", /Scheme 3/

The elctronic structure of this mesomeric & -vhenylimmonium hybride /4/

should depend on
teranion and its
bulky 0101 group
sociate with the
This interaction

the geometry and proton-aceceptor properties of the coun~
surroundings. In anhydrous perchlorate di-salt of 2, the
of low accepter activity is the only moiety which can as-
"facidic™ hvdrogen atom at Cpy .

is very weak, and will probably not influence the advan-

ced delocalization of the positive charge within the four carbon and one

nitrogen atoms /form d, Scheme 3/ sisnificantly. On the other hand, the
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Scheme 3

substitution of the ClO; anion by a C1~ /or Br~/ ion may almost or comp-
letely block the possible delocalization of the charge in the #irection of
the "e" form, since the relatively small C1~ anion, which has a greater
accevtor activity than the perchlorate anion, will try to interact with
the acidic hvdrogen atom at C /C3/. This interaction is of a hydrogen

bond character, and will stabilize the resonance forms "a" and "h",

The fact, what both dihvdrohalogenic salts and diperchlorate salt of 2
¥ield the same crystal 2-cyano-?-phenylsparteine /5/ confirma the same
conformation system for both these gi-salts.19 /Scheme 4/

Besides, it was also proved that methyl and p-telyl substituents introdu-
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ced to 1 and dehydrosparteine molecules at position 2 do not exert any
gimificant influence on the configurational-conformational system of the

"flexible" C-D fragment of the parental molecule.go’21

During protonation
of 2-methyl- and 2~/p-tolyl/-2-dehydrosparteine /3 and 4, respectively/,
as in the case of the previously discussed 2, the configurational-confor-
mational system in both di-saltes does not change: in either case in the
molecule the presence of immonium bond :2302 = N1*t:: is observed, and the
verceived differences in ir spectra within the range. 1680-1800 cm"1 are
orobably also related to the proton-acecentor properties of the introduced
counteranions and their surroundings. The occurence of 2-2HC104 in the
same conformation system as the parental base /similarly as in the casge
of 2 and 1ts di-perchlorate/ was confirmed by X-ray structural analysis.22
The above discussed studles focused on objJects to which in the "pigid"

trams-ouinolizidine A-B fragment of molecule only ocne substituent waas in-
17,20

troduced. In further studies, using avpropriate immonium cations ob-
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tained earlier, cyanoderivatives of 2-methyl- and 2-phenylsparteine /6 and
5, respectively/ were synthesized, their structure, properties as well as
the protonation site of their salts were determined.19 ’//Scheme 4/

The aim of this synthesis was to define the influence on the configuratio-
nal-conformational system and on the basiec proverties of j_aC«substituent
by the another substituent attached additionally to the same L -carbon
atom; this is a substituent showing strong electron-aceceptor properties
characteristic of e,g. gyano group., It is highly probable that the CN™
group, additionally iIntroduced to C2, assumes an axial position as in the
case of both 2-methyl- and 2-phenylsparteine /7 and 8, resnectively/,23’24
the substituent attached to €2, after reduction of dehydroderivative, as-
sumed an eguatorial position.

It was of impotrtance to define the protonation way of the newlyobtained
compounds and then to determine its influence on the structure of the
salt, It turned out that while in 2-cyanoderivatives of 2-substituted
sparteine,19 the same configurational-conformational system is preserved

as in the parental &£ -monosubstituted bases /trans-trans; chair-chair:

boat-chair/, the introduction of one proton into the molecule results in
an inversion of configuration of N16, which leads to a "ciscidal" posi-
tion of nitrogen atoms, which in turn permits formation of intramolecular
hvdrogen bond /as in the case of 1, 7 and 8 monosalts??27/,
Introduction of cyano group /with a nezative inductive effect/ at C2 posi-
tion to 2-substituted sparteines sienificantly reduces basic properties
of nitrogen atom N1 in comparison with the proton-aceeptor properties of
%/ As a consequence of the presence of J,?—enamine system in A ring of the
molecule, it was poassible to introduce, for the first time to this

groun of compounde, the CN™ substituent to the external ring.25
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parental compounds and sparteine itself, yet at the same time increases
the differences in proton-accevtor properties in favor of Wi6 atom. Proton
addition to nitrogen atom N16 causes inversion of configuration about this
atom, which nermits formation of intramolecular hvdrogen bond, This, in
turm, prevents re-inversion and stabilizes the system’s conformation. The
above observations are supported by the analvsis of appropriate pKMCS
data,*/ which jmply that the introduction of proton intg a molecule of
2=-cyano-2-substituted sparteine is more difficult than in the case of 7
or 8, and even meore complex for snarteine itself.19
Dehydrogenation reaction of 2-cyano-2-phenylaparteine /2/, deuterated at
C17 vogition, by N-bromosuccinimide interaction, proceeds with the contri-
bution of C17 atom, and with the nitrogen atom ¥1 remaining totally inac-
tive.19 The analysis of ir spectrum showed a presence of CN- group and an
immonium bond :23017 = N16E:: in the molecule, and at the same time an
absence of C17-D bond. Reduction of perchlorate salt of the dehydrogena-
tion nroduct led to formation of 5, Thus, it implies that the course of
dehvdrogenation of 17D-2-cyano-2-phenvlsnarteine is similar as in the case
of 17D-lupanine /2-oxosparteine/, and that the substituent at 02 in cyano-
derivatives behaves in the same way as oxveen atom in sparteine lactam,

To study more theroughly the properties of the substituted eyanoderivati-
ve of 1, at position C17 of the “flexible" molecule fragment /rings C-D/
of 5, an isopropyl group was additionally introduced, which resulted in a

formation of 2~cyano-2-nhenyl—17Gb—isopropylsnarteine. It appeared that
the isopronyl group introduced at 17(b-position effectively blocks the
access of electrophilic factors to N16, and thus prevents inversion of
its configuration, which may be described as the effect of "isopropyl an-

chor".26

T T e e T i . S i g e S . et ke e i e e o R R ER = A . I . A A . ——

=/ The*pKMcs values were determined bv potentiometric titration of base
solutions iIn a mixture of 2-methylcellosolve /MCS/ and water 80:20,

wt/wt, using an automatic microtitration device from Radiometer SA,




HETEROCYCLES, Veol. 33, No. 2, 1992 (NN

So as to get more information on this subject, a synthesis of 14-dehvdro-
15-phenvlaparteine /9/ was made,2’ This compound is an analog of hitherto
studied oc-phenylat,?-enamine system,w’zo which in this particular case

has a finctional system within the "flexible" quinolizidine G-D fragment.2’

/Scheme 5/
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During the studies the differences in protonation ways of 9 were observed

and explained, It was found,17’2o

that in the case of 2,3 and 4, only
thelr di-salts were obtained, with their configurational-conformational

system being the same as for the parental bases /i,e, trans-trana; chair-

chairtboat-chair, in A-B and C-D rings, respectively/, whereas, due to the

introduction ofoC-phenle,‘,(&—enamine gystem to ring D /"flexible™ C-D
fragment of bis-Q/, the enamine base agssumed trans-cis; all-chair confor-
mation /"cisoidal" arrangement/, which 1s quite different than that of 1,

2,3 and 4. As a result of protonation, mong-verchlorate and di-hvdrochlo-
ride salts were o‘btained.27 The former salt preserves the system of the
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parental base /"eisoidal™/ stabilized by the formed intramolecular hvdro-

gen bond, while the latter assumes trans-trans; chazir~chair:boat-chair

/A-B and C-D rings, respectively/ conformation with the immonium bond
= N16*= C15= and ~SW1*~H bond being formed.> *?® /Scheme 6/
Reduction of "eisoidal™ 9 with NaBH4 vields "transoidal" 15-phenylspar-
teine /10/, which as a result of protonation is transformed Into "cisoi-
dal" mono-salt with protonated N1 and with an intramolecular hydrogen
bond,27+28 /Scheme 6/

On the basis of the results obtained, it was possible to make a compara-
tive analysis of two isomeric enamine systems occurring in the external

17,20,27 404 to make some generali-

rings /A or D/ of sparteine molecule,
zations concerning the shape and intemsity of the so-called "trans hand"
/T=band//26840-2600 cm-1/ of ir spectra of the systems wmder study.28 In
the comparative analysis the reference system was 1 and its T-band show-
ing two intensive maxima /2795 and 2761 cm'1/ and two satellite hands
/2860 and 2590 cm—1/.9’15’29 As compared with these bands, the T-band of

2 is highly modified due to a partial delocalization of lone electron pair

of N1 caused by mesomerism of enamine system., The same structural and
electron factors which modify the T-band were also found in 9, however,
its T-band differes drastieally from that of 2 and that of 1. Such a dif-
ference 1s due to the localization of both enamine systems: in the case of
2, the system is in the "rigid" two-chair conformation /A-B rings/, while
in the cnse of 9 in a "flexible" boat-chair conformation /C-D rings/. As

it is known,9’15'29 the shape and intensity of T-band of ] are affected by
three Cp - Htrans—axial bonds occurring in the vicinity of N1 atom, there-
fore changes in the A-B fragment of the molecule lead to a greater modifi-
cation of the Intensity and shape of T-band than analogous changes in the

C-D frag;ment.28

It has been shown that T-band in 9 is more intensive than in 1 /additio-

nal band at 2730 cm’1/. Thus, it seems that the electron structure, and, in
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consequence, localization and orientation of lone electron pair of nitro-

gen atom of enamine system depend on tendency to inversion of this atom.

In the case of 2 inversion is completely inhibited, which favours deloce-

lization of lone electron pair in the resonance hybrid of enamine.9'17'20’

28 4 tendency of N16 towards inversion of configuration in 1 hinders delo-

calization of its lone electron pair aftex'dapkenamine system has been in-
troduced to C-D fragment of molecule., This should be manifested by a sig-
nificant reduction of proton-acceptor pronerties of C14 carbon atom in

comparison with C3 atom in 2. Hence, in the case of 9 the additional band

1

at 2730 cm~ ' results from the vibrations of C17 - B 1 bond oceur-

trans-axia
ring in the two-chair conformation of cls-quinolizidine. It is assumed

%
N

1=

ZP®

2 Scheme 7




HETEROCYCLES, Veol. 33, No. 2, 1992 s

then that due to the introduction of enamine system and phenyl group into

C=D frasment, this fragment ie transformed from trans; boat-chair to gis;

two—chair.28 Then, however, why the second inversion doesn’t occour ? As
follows from molecular models inspections in the 9 molecule, the existing
olefin bond flattens ring D /Scheme 7/, thus, increasing slightly the dis-
tance between the nitrosen atoms M1 and ¥16 and in consequence decreasing
their mutual repelling, At the same time, the same olefin bond involves

the lone electron pair of the nitrogen atom W16 into the

J,(‘b-enamine -2t immonium-carbonium mesomerism:

| o
C=N__

_C-
8

thus deereasing the susceptibility of W16 to inversion which would lead %o

trang-trang; chair-chair:boat-chair, The two mentioned factors which sta-

bilize the trans-cis; all-chair arransement of 9 do not occur in the same

configurational-conformational form of 1; therefore, in the latter, the

trans-trans; chair-chair:boat-chair form dominates.28

The above findings should be related to the fact that CDCl3 molecules as-
gociate with easily accessible proton-acceptor ecenter of the molecule /in
other words, with nitrogzen atoms/. As has been shown earlier,29 only nit-
rogen centers in the "flexible" boat-chair arrangement of trans-guinolizi-
dine system can be subject to such an association, while those in the two-
chair system of cis-quinolizidine are totally inaccessible.28
T-bands of 1 and 2 are very similar, whereas an analogous bond of 9 subs-
tantially differs from them, which implies that the first two compoumds
- show elther high stereochemical agreement or even identity, and the last

is characterized by a different conformation dynamics.9'17’20'27’28

The suggested ¢ig; two-chair system of C-D rings in 9 should have a consi-
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derable influence on the site and stares of orotonation of this compound
leading to mono- and di-protonated ecations, In fact, it was relatively
easy to obtain crystalline monp-perchlorate /even at the excess of HClO4/,
unlike the case of obteining di-perchlorate salt of 2, while in hydrochlo-
ride 2cid, only crystalline diw-salt is formed, 17227428 /Scheme 6/

Ag follows from ir spectrum of mono-verchlorate salt of 14-dehydro-15-phe-
nylsparteine /g-H0104/, in the molecule there is an intramolecular hydro-
gen hond ;N1T—H.....N16_-'_—-'__-' . & lack of T~band testifies to protonation
of N1 atom, while the band at 1640 em™! implies a presence of C = ¢ bond,
Thia susgests that in the case of 9 /wmlike the casge of g/, the first sta-
ge of protonation takes place not on the @’carbon atom, but on the nitro-
gen nucleophilie centre between N1 and W16 in the two-chair arrangement
of C-D rings.27’28
Inspection of the molecular models of 3-HC10, indicates that in the all-

chair "cigoidal"® arrangement of N1 and ¥16, there is a possibility of a

conlanar situation of the phenyl rineg with the olefin bond, and also with

the lone electron pair of N16, As a result of that, considerable delocali-

zation of the lone electron pair of W16 takes place, which in turm redu-

ces to a minimum the repelling of N1 and V16 in their "gisoidal" arrange-

ment, Therefore, the resonance of olefin bond electrons and of the lone

Scheme 8
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electron pair of W16 atom, as the stahbilizing factor, comes into play on-

ly for the planar arrancement of the three above-mentioned components, and
such steric conditions cammot be ensured for 2-phenyl-2-dehydrosparteine
/g/.17'28 /Scheme 8/

Why is the di-hydrochloride of 14-dehydro-15-phenylsparteine /9-2HC1/ for-
med then? Undoubtedly, this process is affected by the geometry and dist-
ribution of proton-acceptor centers within wvarious cowmteranions, which
determine the stiructure of the protonated orsanic cations. C1l- anion is
sigmificantly smaller than that of perchlorate /1.8 and 3,3 R/, and thus
the former’s negative charge is considerably less delocalized than in the
case of 010; ion, Therefore, C1” anion exhibits strong proton-acceptor
vroperties, wmlike CIOZ ion, and it will tend to form inter-molecular hyd-
rogen bond with all proton-donor groups cccurring in the vicinity of orga-
nic comteranions, Consequently, both N1 and C14 protonation take place,
which results in di-salts formation.27'28

The obtained results allowed us to confirm earlier findings concerning the

@

!

(9 BHS

Scheme 9
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stereochemistry of reduction of immonium salts. So far, it has been known,
that reduction of immonium cations of snarteine derivatives with NaEH4
proceeds with full stereoselectivity and the addition of hydrogen atom
took place always from the (b—side of the molecule, /Scheme 9/ This is
a consequence of the attack of BHz /BDZ/ ion on carbon atom of cyeclic im-
monium cation from the oprosite side relative to the axial hydrogen atom
attached to carbon atom adjacent to immonium carbon atom. In the case of
2 /o 1/. this attack takes place from the @b-side, while in the case of
9 /similarly as foumd for A15-17 @—methyllupanine cation/ - from the
JL—side.BO /Scheme 9/

All the 80 far discussed studies referred to suech cases in which the sub-
stituent was introduced /stereoselectively or stereocspecifically/ only *o
one of two bis-Q systems., All the examples related to phenyldehydro deri-
vatives of sparteine best illustrate the different proverties of both ni-
trogen atoms /N1 and W16/ and their surrowndings. Due to these differen-
ces, the introduction of substituent into particular one of these arran-
remeits may lead to formation of isomeric derivatives of completely dif-
ferent properties and different spatial sfructure. Thus, it was necessary
to see what properties will be generated as a result of introduction of
substituents into both fragments of bis-Q systems.

To settle this problem, a series of mew sparteine derivatives with phenyl
and methyl substituents at CL, were synthesized, then their structure was

determined.26

In theae derivatives, the vossibility of conformation chan-
ges about the "ecis" joint was either reduced or completely inhibited due
to the specific Introduction of methyl- or isovropyl substituent at 017
position, /Scheme 10/ Besides, it has been proved that of two lactam
group at C2 iz more susceptible to the reaction with phenyllithium.32
/Scheme 10/

The analysis of ir spectra /the results of T-band analysis and the analy-

g8is of association of this compound with CDCl3 molecules appeared to be
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particularly usefu19’15'29'30/ showed that ring C of 2-phenyl=-2-dehydro-
17@-methylsparteine /12/ and 2-phenyl-?-dehydro-17 (b—isopropylsparteine
/13/ assumes the "boat" conformation of the trans-quinolizidine system,
while in the case of 2-phenyl-2-dehydro-17-oxosnarteine /14/ /like the
starting 11/ occurs in the all-chair cis-quinolizidine 3ystem.32

For all these compowmds, ir spectra in the range of T-bands are not well
expanded due to a reduced /as a result of substitution/ number of ¢ - H
group in the vicinity of nitrogen atoms /olefinic €2 atom, lactamic C17
atom/, After the reduction with,NaBD4 and when the deuterium "marker" was
apolied, it was proved that the newly-formed compounds - in comparison
with free unsaturated hases - did not change their configurational-con-
formational arrancement within the molecule not affected by chemical rea-
sons.

In the studies on protonation ways of these compounds, it was determined,
%2 that the structure of di-perchlorate of 2-phenyl-2-dehydro-17(s-isopro-
pylsvarteine /13/ is similar to that defined earlier for 2-2HC10,. It is

a result of a resonance hybrid of three systems like in the case of diper-
chlorate salt of 2.17 This statement was further confirmed by the structu-
ral analysis of additionally obtained di-hydrobromide salt of 13, in the
ir spectrum of which at about 1680 c:m"1 immonium bond is observed.32

It is also worth foousing on lupanine /15/ and sparteine /1/ substituted
at position C17 by a methyl group and in narticular, by an isopropyl
group. These substituents, introduced intc enuatorial pesition 17(5, sta-
bilize the "transoidal®, and destabilize the "cisoidal" arrancement of
both nitrogen atoms, Either effect depends on whether in ring A /a "rigid"
system/ nitrozen atom W1 is fert -amine in character /in 1/ or is a com-
ponent of a lactam group /in 12/.26

As follows from the analysis of T-bands of ir spectra of free hases /car-

ried out in CD013/ different substituents at C17 position exert a very

similar effect on conformational dynamism of gig-quinolizidine fragment
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of lupanine /C-D rings/. However, in the recion of 'OC-D bands /2300-2000
cm'1/ ir spesetra carried out in CDCl; differ significantly, which is due
to a different accessibility of W16 to heteroassociation with the CDCl3
molecules.26
17 @-Methyllupanine /1_6_/6 in comparison with 15 and 17 d-isopropyllupani-
ne /17/ exhibits the stréngest basic proverties, because the methyl subs-
tituent - due to inductive and hypercomjugation effects - increases elec-
tron density of W16, Moreover, "equatorial® location of methyl or isopro-
Pyl groun /in appropriate derivatives/ is a better stabilizer of the

"transoidal" form, thus the proton- and CD013-acceptor properties are

stronger than in 15. In these cases, the eguatorial effect of the substi-
26,32

tuent overates,

2 R=-CH, CIICl3

Scheme 11
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Moreover, it should also be assumed that the 17@5/eq/—isopropy1 group,
due to a high steric hindrance of the substituent, to a larger degree hin-
ders solvation of cationc center ¥16*- H than methyl group, and that the

equatorial effect increases stabilization of "transoidal™ arrangement,

Thus, it was vproved that the isopropyl group, selectively introduced at
CTT@’bosition, represents an efficient "anchor" for the stabilization of
"transoidal” configuration of W1 and V16 and for a complete inhibition of
configuration inversion of nitrogen atom ¥16, also in momo-protonated ca-
tions. /Scheme 11/

Hawing aflalyzed ir spectrum of 17-isonropylsvarteine /18/and compared it

with the svectrum of 17, we observed26

that the presence of tert -amine
group /at W1/ in the A-BE molecule fragment instead of lactam group /in
17/ besides tert -amine function /at W16/ in the molecule, decrease the
shielding effect of isopropyl group towards "transoidal™ W16, As a result,
the nitrozen atom N16 shows higher ability to hetercasscciation with

CDCI; molecules than the same atom in i7. This vhenomenon can be explain-

ed by a long-range conformational effect which involves a change in spa-

tial location of 17(}-isopropy1 group caused by conformational changes
within the whole molecule.26

As can be seen, the isopropyl group acting as a steriec hindrance, not only
makes the configuration of C-D rings "rigid", but also affects the reac-
tivity of the nelghbouring nitrozen atom. Cne of the evidence of such an
effect mav be the difference in formation rate of N-oxides: 17(3-1sopro-
pyllunanine N-oxide is formed 300-times slower than the lupanine N-oxide.
26

Analysine the acetonitrile ir spectra of the perchlorate salts one is en-
couraged to consider the ir spectra in deuterated acetonitrile /similarly
as the ir smnectra of solutiong in CDCl.5 for free bases/ as a much promi-
sing method of the siructural dynamigm investication of organic compounds

in solutions., Tmlike chleroform, which being a weak acid associates se-
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lectively and first of all with the proton-acceptor centres of the molecu-
les, /i.e. N16 in free bases/, acetonitrile - being of amphoteric charac-
ter - associates both with the proton-donor and proton-acceptor centres
of the or«¢anic molecule., The nitrile group, as a proton-accepltor with
verv small steric requirements, approaches with no difficulty the protoen~
donor grouns and forms with them complexes, whose strength may be depen-
dent on the proton-donor activity of those groups, i.e. on the pKyqa va-
lues, The weak proton-donor properties of the CD; groups /from CDBCN/ may
alao cause agsociation of those sroups with the acceptor groups of orga-
nic molecules, and alse with the accevntor centres of counteranions. Such
an Interpretation secems to be confirmed by the presence of QC-D band

/ from CD3CN/ at about 2240 cm-1in the svectra of the studied perchlorate
salts, which 18 probably due to interaction with ClOE anions evidenced by
the stretching vibrations ‘°C=O at all the studied lactams in ir spectra
of CD3CN sclutions shifted to about 1645 cm_1. This indicates very slight

agdociation of the homo- and heterotvpe /in condensed phase, the Q
1

C=0

bands were situated at 1630 em™ ', and in CIClz solution at about 162C

cm'1.26

It should be emphasized here that 17 (d-isovropylsparteine /18/ is the
first snarteine derivative which preserved the character of diamine with
a blocked inversion of configuration of nitrogen atom W16, and full stabi-

lization of "transoidal" arrangement of N1 and N16, The long-range confor-

mational effect already mentioned for‘V?P-isopropyllupanine /17/ has
26

been found in this group of compowmds for the first time.
One more issue that should be discussed in commection with those studies
concerns the properties of N-oxides, Planning to study the effect of spe-
cifically introduced substituent to the molecule on the enamine system and
on the parental 1, and taking into consideration relatively high basicity
of easily formed mono-N-oxides of 1, it seems necessary to define the ef-

fect of such a substituent on sparteine V-oxides.
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Tntroduction of phenyl group at C2 positjon vielded very surprising re-
gults: it turned out that "cisoidal" 2-phenylspartelne N16-oxide /19/
is base much stronger than the wnsubstituted "gisoidal" sparteine N16-

c}n{ide."ﬂ’-j4

The latter, so far, has been considered to be the strongest base in the
group of bis-Q alkeloids whose basicity was similar to that of tetraal-
kylammonium salts. The newly obtained and wnexpectedly so strongly basic 19
/"proton sponge" in character/ as a salt assumes trang-cis; all-chair ar-
rangement, so during protonation the parental system of free base under-
goes inversion about N16 /a "flexible" system of C-D rings/. Such as un-
expectedly high basicity umdoubtedly results from conformational dynamics
of the "flexible" fragment of 1 with "cisg" joint and form the function
played in this dynamics by intramolecular hydrogen bond /which also oc-
curs in mono-protonated cation of 1 and its derivatives.

Continuing the studies on N-oxide derivatives, a number of new N-oxides
were obtained: 2-methyl-, 2-phenyl-, 2-/p-tolyl/-, and 15-phenylspartei-
ne. /Scheme 12/ Subsequently, an attempt was made to summarize the hit-
herto studies concerning the synthesis, structure and properties up to
10w recognized sparteine N-oxides and its derivatives.35 The comparative
analysis was performed on the basis of seventeen different sparteine N-
oxides and its derivatives. The ¥-oxides in asuestion were divide into

4 eproups, depending on their relative /with respect to the parental ami-
ne / baglcity: one group of basicity lower than that of the parental ami-
ne, Second one of basicity close to that characterizing parental amine,
and of very strong basicity, sienificantly exceeding that of parental ami-
nes. The fourth group is made of N-oxides, which can be classified to nei-
ther of the above groups.

N-Oxides of the first group show "transoidal" arrangement of N-oxide func-
tion with lactam or amine group or with another N~oxide fumction. Due to

considerable distance of both these funetions within the molecule skele-~
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ton, the basicity of these N-oxides is about 1.5 PEyos mnits lower than
the basicity of parental amines,

The second and third zroup include N-oxides of "cisoidal" arrvangement of
both function groups which interact with one another., In the second
group, the "ciscidal® lactam N-oxide exhibit basicity very similar to that
of their parent amine, while the "cisoidal" amino-monoc-N~oxides in the
third eroup are the strongest organic basés, which is due to the forma-
tion of intramolecular hydrogen bends in monp-cations of these compounds.
This proves that appropriately chosen and selectively introduced substi-
tuents may not only decrease, but also sisnificantly increase basicity of
the very strong amino-N-oxide bases.

The last group is made of N~oxidee of different arrangement of both funec-
tiong with methyl substituent at C17P’*position, which destabilizes the
"ecisoidal" arrangement, but at the same time increases the basicity of
the parental tert -amine. As a result, differences in basicity of N-oxi-
des with respect to thelr parental amines are more pronoumced as in the
first three grouvs. -

Numerous observations made here will contrihbute te better understanding
of the kinetics of W-oxides formation and will permit determination of
proper mechanism of various reactions of N-~oxides, vparticularly those in-
duced by 802, AcEO, €1~ ions, and of catalvtic reduction and thermal au-

todegradation and autotransformation.
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