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Abstract—The synthesis of 2-phenylsparteine-N 4-oxide (7) and its perchlorate salt (7-H™) was carried out. On the
basis of spectral data, and by comparison with appropriate sparteine-N-oxides, the mechanism of formation and the
structures of the two new compounds were proposed. It was found, the basicity of the new N-oxide is
unexpectedly high and comparable to the basicity of quaternary ammonium hydroxides. The structure and the
strength of intramolecular H-bond in 7-H™ makes 7 an excellent “catcher” proton or specific ““sponge™ proton.

During our investigations with sparteine-N-oxide'™'* we

attempted the reaction between 2-phenylsparteine (2) and
H,0..

We obtained 2-phenylsparteine (2) by reduction of
2-phenyl-2-dehydrosparteine 1.°

A detailed analysis of the IR and NMR spectra of 2, its
perchlorate salt and specifically deuterated derivatives

N NaBH, N

Scheme 1.

made it possible to establish the conformation and the
configuration of 2 and its monoprotonated cation (2-H*).
Scheme 2 summarizes our knowledge on the structure of
2 and 2-H", in comparison with the structure of sparteine
(3a and 3b) and its monocation (3-H*).

As it is evident from Scheme 2, the introduction of a
phenyl group into the trans-quinolizidine A/B fragment
of the sparteine molecule, has no influence on the
configuration and conformation of the C/D fragment of
2, or the free base, or the monocation. Thus, 2-phenyl-
sparteine (2), like 3, persists as the free base in the
“transoidal” conformation (one trans-quinolizidine
chair—chair fragment fused with the second trans-
quinolizidine boat—chair fragment). After protonation,
both amine groups adopt the “cisoidal” form with simul-
taneous formation of an intramolecular H-bond in mono-
cations 2-H" and 3-H™.

The only substantial difference between 2-H* and 3-H*
is the location of the “acidic” proton. In the crystailine
3-H*ClO; this proton is located exclusively on nitrogen
N,—(trans-quinolizidine system).*'® and in the crystal-
line 2-H'ClO,—on nitrogen N, (cis-quinolizidine
system).” The distinct differences in protonation site,
which appear in crystalline forms of both salts are

tThis study has been supported by the Polish Academy of
Sciences in the framework of the problem No. MR-1.9.2.2.
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slightly diminished in chloroform solution, because in
both cases a tautomeric equilibrium exists, in which the
predominant tautomers are 3-H"(70%) or 2-H*(>9%0%). It
appears from the above, that the introduction of a phenyl
group into the a-position with reference to N, makes this
nitrogen less basic than the N one. The decrease in
basicity of 2 with reference to 3 is about 0.7 pK¥cs units
(Table 1).

In a previous paper,’ discussing the difficulties in ob-
taining N-oxide from conformer 3a of sparteine, we tried
to explain the very fast reaction of sparteine (3) with
H,0,, which results in two isomeric sparteine-mono-N-
oxides in the constant ratio 70% of 4 to 30% of 5. We
have assumed, that in aqueous solutions in which the
oxidation is carried out, sparteine molecules exist partly
in protonated form, as tautomeric cations 3-H'a and
3-H*b. The tautomeric equilibrium is shifted to form
3-H*a, and therefore we have assumed that the sparteine

2565



2566

W. BoczoN et al.

Table 1. pK#cs-values of sparteine and its derivatives

Compound pK¥cs pK¥cs(1) pK¥es(2)  ApKies Ref.
sparteine (3) 3.05 10.26 7.05 9
lupanine (=2-oxosparteine) 7.47 9
2-phenylsparteine (2) 3.75 10.10 6.35 b
2-phenylsparteine-N ¢-oxide (7) 1.90 12.85 10.95
sparteine-N¢-oxide (4) 2.56 11.94 9.38 4

H,0,
OHO
@
?@N\H_gﬂ
4-HO®
70% 30%
Scheme 3.

delivers about 70% of N-oxide (4) and about 30% of
N,-oxide (5) (Scheme 3).!

If the presented hypothesis is correct, compound 2
also should partly exist in aqueous solution in the pro-
tonated form, and the equilibrium between tautomers
2-H™b and 2-H"a should at least be shifted 90%
toward 2-H*b. Consequently, the reaction of 2 with H,0,
should lead mainly to Nj-oxide (6), which may be ac-
companied by about 10% of Ns-oxide (7).

RESULTS AND DISCUSSION

According to the above hypothesis, the reaction of 2
with H.O- results in one dominant product which proved
to be not the N,-oxide (6), but the N,s-oxide (7) (Scheme
4). The evidence, that the product from the reaction
between 2 and H:0, is 7, and not 6 and 8, is as follows:

(a) IR and NMR spectra of the monocation of 2-
phenylsparteine-N-oxide show a strong intramolecular
H-bond, which excludes the *“‘transoidal” structure 8 and
indicate the presence of structure 6 or 7. In the IR
spectrum of 7-H'CIOg, there is no absorption band
Vvn+-n, but the continuous absorption with distinct
minima in the 1100-650 cm™' region is present, as in the
spectrum of 4-H"CIO4 “"* (Fig. 1). In the NMR spectra
of these compounds, the signal of the “acidic™ proton is
shifted very strongly downfield.’

(b) A comparison of the “trans”-bands (2880-
2600 cm™")'® of 7 with the same bands in the spectra of
isomeric sparteine-N-oxides (4 and 5) indicates that in
the N-oxide investigated, the “‘trans’’-band characteristic
for a trans-quinolizidine system is indeed present (Fig.
2). The “trans’-band of 7 is properly modified by the
substituent in position 2. Instead of a doublet, which
exists in 4, in the spectrum of 7 an intense singlet is
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observed (Fig. 2). If the N-oxide obtained has the
structure 6, its “'trans”-band should be very similar to
“trans*-band of 5.* As this is not the case, we assume,
that the structure 7 is correct.

(c) The reaction with SO does not lead exclusively to
the parent amine 2, which should happen if the N-oxide
group was included in the all-chair trans-quinolizidine
system of 6.”° Instead, the reaction leads to a tri-com-
ponent mixture (2+9+ 10; Scheme 4), which could be
formed if the N-oxide function occurs in the cis-quinol-
izidine system of 7.”*

The exclusive formation of 7 in the reaction of 2 with
H,0; was a surprise. We supposed, that by introducing
an N-oxide group into the compound 2 (i.e. into the base
considerably weaker than 3; Table 1) we should obtain
an N-oxide (6 or 7), which would be also a weaker base
than N-oxide 4 (or §). This assumption was additionally
supported by the abnormal high basicity of 4 (and also §),
whose pK#cs(2)-value is 11.94. It was found, that 7 is a
stronger base than 4, as displayed by an unusually high
pK¥ics(2)-value = 12.85, as well as by the ApKfics=
10.95 (ApK#ics for 4 is 9.38) (Table 1). Compound 7 is
also more basic than alpha-iso-sparteine-oxide (11),
which was assumed to be the most basic compound in
this series due to the rigid bis-trans-quinolizidine skele-
ton and the strength of the intramolecular H-bond"
(which appears in 11-H").
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Fig. 1. IR spectra of 4-H" and 7-H" in CDCl; solutions.

Spectroscopic and physico-chemical properties of 7
and 7-H" forced us to disregard this opinion and to try to
find the correct answers to the two essential problems:
(a) which factors are responsible for the reaction of
H.O, with 2 and with 3 taking place only—or pre-
dominantly—on nitrogen atom N, and (b) which factors
are responsible for the increased basicity (proton-ac-
ceptor properties) of 7 with reference to 4 and 11?

(1) The behaviour of 2 in the reaction with H,O,
shows, that our hitherto view on the mechanism of the

reaction 3 with H;O; is erroneous. Observations show,
that the site of protonation has no influence on the
direction, but only on the rate of reaction. The decisive
factor for the site of an efficient attack of the H.0,
molecule on one of the two N atoms is the spatial
structure of a given diamine. From the observation of a
model of the 3-H" cation, it is evident, that the N atom
N6 is more accessible for the attacking H-O. molecule
than the N atom N,. In addition, steric hindrance in
2-H", caused by the equatorially situated phenyl group
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Fig. 2. IR spectra of 5, 4 and 7 in CDCl; solutions (circumscribed regions of spectra show the “trans”-band region
2840-2600 cm ™).

makes the N atom N, still less accessible for the reaction
with H20.. As a result the attack of the H.0, molecule is
directed exclusively to nitrogen Ny, and since, it is
about 90% protonated, the reaction is about 10-fold
retarded against the rate of the reaction of 3 with H;0..
Scheme 5 shows our proposed mechanism of for-
mation of 7 from 2 in an aqueous solution of H,0,.

tE.g. pK#cs of lupanine® = 7.47, and its N-oxide’ =591, so
pK:{cs “NR}“ —pKﬁcs"NI'Rsn =1.56.
|

o

—
—>

2+H,0

7_

OH®

(2) The basicity of 7 and 4 depends on the same

proton-acceptor centers: {-amine groups }N. and N-

oxide groups lNT(,—O_ mutually “cisoidally” oriented

/

at such a distance, that in monoprotonated cations short
and strong H-bonds are formed.

Of the two centers, the amine groups surely have
stronger basic properties. It can be deduced from the
higher pK#cs-values of these groups in comparison with
those of N-oxide groups,t and in the case of 4-H" and
7-H, also from the X-rays evidence,'® that the “acidic”
proton is located on N, and not on the N,s-0xide oxygen.

OHO

2-H2b +wo,

!

6-H®

Scheme S.
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The }N. group of 2 is surely less basic than that of

3. This is caused by the inductive effect of the phenyl

group. In spite of lowered basicity of —>~N. in 7, the

nitrogen atom N, is a stronger proton-acceptor than the

>NT«—O' group. The smaller difference in proton-

/
acceptor properties between these centers enables the
proton located on N, in 7-H" to be more effectively

H-bonded by }NT:;——O than in 4-H™. Consequently, the

intramolecular H-bond in 7-H" should be stronger than in
4-H".

A measure of the strength of the intramolecular H-
bond may be the chemical shifts of the bridge proton. In
both monocations, these signals are very strongly shifted
downfield and appear at 18.2 and 18.8 ppm (8) for 4-H”
and 7-H', respectively.” Thus, in 7-H* this proton is
more shielded than that of 4-H (A8 = 0.6 ppm), there-
fore, the intramolecular H-bond in 7-H" is stronger than
that in 4-H".

In this connection, the question arises, whether the
decrease in proton-acceptor properties of both closely
situated basic centers in 7 is the only one factor, respon-
sible for the higher basicity of 7 as compared with 4.

An additional factor, which has to be considered is the
geometry of the H-bond in 7-H™ and 4-H*. We assume,
that this bond in 7-H™ may be not only slightly shorter,
but its angle may be closer to 180°, in comparison with
the same bond in 4-H". This problem can be resolved by
X-rays analysis, which is in progress for'® both 4-H" and
7-H™.

Another difterence between 4 and 7 is the monoperch-
lorate salt of 4 which undergoes further protonation, and,
from the aqueous solutions the sesquiperchlorate (2,4-
3HCIO.) can be isolated easily, while it is very difficult to
obtain the diperchlorate salt (4-2HClQ4). The X-rays
analysis of 2, 4-3HCIO,"? confirmed our earlier assump-
tion based on the IR spectra,' that the sesquication of 4
is composed of the two monocations (4-H™), which are
connected by a symmetrical, very short H-bond between
the O atoms of the two N-oxide groups. Favourable
spatial factors, which exist within this sesquication, par-
ticularly the geometry of the two intramolecular H-bonds
and one intermolecular H-bond cause. that this cation (as
a perchlorate salt) is very easily isolated from aqueous
solutions of 4 in a crystalline form, even in the presence
of a large excess of HCIO,.

In this respect, 7 is different from 4. Beside the
monoperchlorate, which is formed very easily, we did
not obtain any other salt of 7 in crystalline form. We
suppose, that there are two factors, which decide that the
monocations 7-H™ are not ready to be connected by
proton in the strong symmetrical intermolecular H-bonds
leading to the sesquication (as in 2,4-3HCIO.):—steric
hindrance created by the equatorially situated phenyl
substituent, and—very large decrease of the basicity of
N-oxide oxygen involved in the very strong inter-
molecular H-bond in 7-H™.

From the inspection of spatial models of 7-H" it is
seen, that two cations can be arranged in such a way, as
to reach the connection through an intermolecular H
bond. This bond would be longer, however, than it is
observed in 2,4-3HClO,, and also its geometry would be
less favourable. May be that in spite of steric hindrance,
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the sesquication of 7 would be formed, if the oxygen of
N16—O group in 7-H* was more basic. But this is not the
case as its pK#cs-value is equal to only 1.90 (Table 1). In
consequence, 7 is—in spite of two formal proton-ac-
ceptor centers—a monoproton ‘“‘sponge”, excellent
intramolecularly stabilised and shielded by the phenyl
group from the competitive solvatation by the external
molecules.

The structure and the strength of the intramolecular H
bond in 7-H™ makes 7 an excellent “catcher™ of protons,
especially in an aprotic medium, and 7-H™ an interesting
cationic part of the salt, created from 7 and weak organic
acids.

Investigations on application of 7 as a specific proton
“sponge” for the organic synthesis are in progress.

EXPERIMENTAL

General procedure. The IR spectra were recorded by means of
a Unicam SP-200G spectrophotometer using 0.4 M solns in
CDCl; and 0.1 mm cells with NaCl windows. The 'H NMR
spectra were recorded by means of an 80MC Tesla BC 487A
spectrometer and a 100MC Varian spectrometer using 10% solns
in CDCl; and TMS as the ingemal standard. The solns in CDCl;
were dried by means of 4A molecular sieves for 2-3hr im-
mediately before the recording of the IR or '"H NMR spectra.
The pKpcs-values were determined by potentiometric titrations
in a mixture of 2-methoxyethanol (MCS) and water 80:20 wt/wt
using an automatic device for electrometric titrations
(Radiometer SA, Copenhagen). The details of pKcs
measurements were described earlier.” The elemental analysis
were carried out in the Analytical Laboratory of the Institute of
Chemistry of the A. Mickiewicz University by means of a Perkin
Elmer 240 automatic device. M.p. (uncorrected) were determined
with a Tottoli mp. apparatus (Biichi Co. Ltd.).

2-Phenylsparteine-N-oxide perchlorate (7-H'ClO, ). To a soln
of 2° (200 mg) in 5ml MeOH, 0.8 ml 30% H0, was added, and
the mixture kept during 7-8 hr at the room temp. (this reaction
can be accomplished in about 2 hr at 40-50°C). The progress of
the reaction was controlled by: (a) paper chromatography (disc
technique) on Whatman No. 3 (¢ =20cm), with saturated,
aqueous ammonium sulphate as the developing phase; (b) TLC
on plastic plates (2.5%2.5cm) covered with silica gel type N-
HR/UVy with the mixture of methanol-water-ammonium
hydroxide (7:1:2, v/v) as the developing phase. In the first case,
the chromatographic spots were made visible by means of iodine
vapour, in the second—by means of Dragendorff reagent. Com-
pound 7 formed about fifteen times slower than 4 and 5§ from 3.
The excess of H,0, was decomposed with 109% Pd—C(5-
10 mg). The mixture was allowed to stand overnight, then, filtered
through asbestos and the soln neutralized by means of a mixture
of HCIO./MeOH (1:4, v/v). After addition of ethyl ether until the
soln became cloudy, it was allowed to stand yielding 260 mg of
white crystals, m.p.: 216° yield: 90%. These crystals were
dissolved in about 12 ml EtOH and ethyl ether was added. The
resulting crystals (210 mg) of 7-H"CIO; were filtered off, washed
with § mi ethyl ether, yield: 80%, m.p. 216°. (Found: C. 57.08; N,
6.26; H, 7.54. Caic. for C3;HuON,-HCI0,-H,0 (m.w. 444): C,
56.75; N, 6.30; H, 7.43%). IR spectrum (CDCls): no evidence of
vn+n (free and bonded), 3040 (w, vy aromatic), 2960 (s, V. 1),
2840-2600—no “‘trans”-band," 2260 (s, ve.op from CDCl as-
sociated with proton acceptor centers of 7-H*), minima at 950,
810, 665, connected with the very strong H-bond, cm™'. NMR
{CDCly): 8 7.55 (SH, aromatic), 18.8 (1H, N'—H).

Free base 7 from perchlorate salt. Compound 7-H Cl0;-H.0
(100 mg) was dissolved in a separatory funnel in § ml water, made
strongly alkaline with KOH pellets, and exhaustively extracted
(Dragendorff's test) with ethy] ether. The combined etheral ex-
tracts were dried with KOH pellets and the ether was evaporated
under reduced pressure. The residue was dissolved in petroleum
ether: at the beginning oil was precipitated, which progressively
turned into 7 as crystals. 70 mg, yield 95%; m.p.: 105°. (Found: C,
73.20; N, 8.00; H, 9.26. Calc. for C;;H3ON;,-H,0 (m.w. 344): C,
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73.26; N, 8.14; H, 9.30%). IR spectrum of 7 (see Fig. 2). The
pK#cs-values: (1)=1.90, (2)=12.85. {a)=~5.7 (EtOH, ¢ =
1.0). The reaction of 7 with SO, was performed in H,0® (in
analytical scale). The reaction course was controlled by means of
TLC and paper chromatography, and with the parallel reactions
of 4 (and 5) with SO,.

An attempt of further protonation of 7-H'Cl03-H,0. Com-
pound 7-H*CIO,™-H,0 (50 mg) was dissolved in 2 ml MeOH and
the mixture of HCIOJ/MeOH (1:4, v/v) was added to pH 2. After
addition of ethyl ether, the mixture was allowed to stand but
yielded 45 mg of unchanged substrate. Other attempts to trans-
form 7 into the 7-2HCIO, or 2,7-3HCIO, were without success.

Acknowledgement—The authors are indebted to Dr. J. Skolik for
pK¥cs measurements and discussions.
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