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ABSTRACT

DR B

asymmetric ion pairing
d.r. 4.6:1

Stereodynamics were detected in solution for salts of the simple spirobi[dibenzazepinium] cation in favor of the homochiral (D;) conformer as
evidenced by chiral TRISPHAT and BINPHAT counterions; asymmetric induction was furthermore observed in *H and >N NMR spectroscopy.

Chiral quaternary ammonium cations quats have been  synthesis, enantiopure BINOL is used as a starting material
much studied due to the potential of these derivatives to serveand the high kinetic barrier to racemization of the binaphthyl
as efficient asymmetric phase transfer catalystdost moieties ensures the configurational stability of the addtcts.
examples of highly stereoselective reactions have employed It occurred to us that the parent 547'-tetrahydro-6,6'-
cations derived from the chiral podRecently, successful  spirobi[6H-dibenz[c,e]azepinium] catid®h (Scheme 1), re-
transformations mediated by purely synthetic chiahts, ported in the literature as early as 195had never been
in particular those of typd and 2 (Figure 1), have been studied from a stereochemical point of viéwlerein, we
report on the stereodynamics 8f detected by variable-
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Scheme 1. Equilibrium among ChiraD; [(S,S) and R,R)
Enantiomers] andMeso $ Symmetric (S,R) Conformers &f
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temperature (VT) NMR and on the preferred nature of the
homochiral conformer (diastereomeric ratio, dx24:1 at
—40 °C). Partial control over the configuration 8fby its

ion pairing with (bis(tetrachlorobenzenediolato)mono([i,1
binaphthalenyl-2,2diolato)phosphate(V)) aniofy known as
BINPHAT, is evidenced by NMR and circular dichroism
(CD) spectroscopy.

Spirobi[6H-dibenz[c,e]azepinium] catidhis made up of

would thus occur in a two-step process via the formation of
themesacompound. Before proceeding with the experiments,
we realized that both the chiral amdesodiastereoisomers
would reveal AB systems for the diastereotopic methylene
protons in'H NMR and that it would be difficult to
distinguish between them.

Previously, chiral hexacoordinated phosphate anions BIN-
PHAT (4 and TRISPHAT §, tris(tetrachlorobenzene-
diolato)phosphate(V}j have been shown to be readily
prepared in one or two steps from commercially available
starting materials (Figure 2). These diamagnetic anions are
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Figure 2. Chiral BINPHAT 4 and TRISPHATS anions.

two stereogenic dibenz[c,e]azepinium rings that are joined
together at the charged nitrogen atom. Each of these two
halves presents an axial chirality with preferr8dor R
atropisomeric conformations. Their association in the con-
struction of spiro compoun@ results in the formation of
two predominant diastereomers that have chbal and
achiral (nes9 S, symmetry (Scheme 1)Studies performed

on diphenylazepines have revealed that $endR atrop-
isomeric conformations interconvert freely in solution by
rotation around the biphenyl axis with rather low kinetic
barriers AG* ~ 12—14 kcatmol~1).38 |t was thus expected
that the homochirall¥,) and heterochiralg,;) isomers of3
would interconvert rapidly in solution, the equilibrium
occurring between them being possibly shifted toward a
thermodynamically preferred diastereoisomer, the nature of
which was unknown before the start of this study. The
probability of a simultaneous change of configurati®&+

R) of each of the two halves &fwas considered to be low
and the equilibrium between th#& symmetric enantiomers
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efficient NMR chiral shift agents for cationic metalloorganic
and organometallic substratésinion 4 often has superior
chiral shift properties thab when associated with organic
cations?1?

Their association with spiro compour8lwas therefore
considered for the distinction of theeso(S;) and the chiral
(D) conformers as the signals of the latter could be split
into two sets intH and*>N NMR spectroscopy? However,
we realized that the ion pairing of cati@in its mesoform
with enantiopure anions might not be asymmetrically in-
nocent as it could lead to an NMR desymmetrization of the
two chiral halves of the cation since they would become
“diastereoisomeric” upon salt formatidfin *H NMR, this
would mean the appearance of two sets of signals (1:1 ratio)
for the benzylic protons, one for each half of theeso
molecule. Distinction of the separated signals of diastereo-

(9) Lacour, J.; Londez, A.; Goujon-Ginglinger, C.;BW/.; Bernardinelli,
G. Org. Lett.2000,2, 4185—4188.

(10) Lacour, J.; Ginglinger, C.; Grivet, C.; Bernardinelli, @ngew.
Chem., Int. Ed1997,36, 608—609.

(11) Amouri, H.; Thouvenot, R.; Gruselle, M.; Malezieux, B.; Vaisser-
mann, JOrganometallic2001,20, 1904—1906. Monchaud, D.; Jodry, J.
J.; Pomeranc, D.; Heitz, V.; Chambron, J.-C.; Sauvage, J.-P.; Lacour, J.
Angew. Chem., Int. E®002,43, 2317—-2319 and references therein.

(12) (a) Lacour, J.; Vial, L.; Herse, @rg. Lett.2002,4, 1351-1354.

(b) Pasquini, C.; Desvergnes-Breuil, V.; Jodry, J. J.; Dalla Cort, A.; Lacour,
J. Tetrahedron Lett2002,43, 423-426. (c) Pasquato, L.; Herse, C.; Lacour,
J. Tetrahedron Lett2002,43, 5517—5520.

(13) Parker, DChem. Rev1991,91, 1441—1457.

(14) NMR desymmetrization ofmesoderivatives can occur upon the
addition of external chiral shift agents. See: Reetz, M?{re Appl. Chem.
1996,68, 1279—1283. Huskens, J.; Reetz, MELr. J. Org. Chem1999,
1775—1786. Zhang, X. X.; Bradshaw, J. S.; |zatt, R.Ghem. Re»1997,

97, 3313—3361. Reetz, M. T.; Rudolph, J.; Mynott, RAm. Chem. Soc.
1996,118, 4494—4495.

Org. Lett., Vol. 4, No. 22, 2002



isomeric [(S,S)-3][A-4] and [(R,R)-3][A-4] ion pairs from NMR spectroscopic studies on sd[fac-5] at —40°C also

the split signals within the [(S,R)-3][A-4] salt would then indicated the presence of a single diastereoisomer in solution
be difficult. We reasoned thatN NMR spectroscopy might  (d.r. >24:1, Figure 4 spectrum b, Figure 5 spectruni®a).
provide the solution to this problem as the nitrogen atoms
of D, symmetric enantiomers could be differentiated by the
presence of the chiral anions while the N-atom of teso

(Sy) conformer would never be splfit.

Nitrogen-labeled [3][Br] was synthesized in good yield (@
(90%) by the reaction 0®NH4OH (>98%, 3.3 N in water,
5 equiv, Cambridge Isotope Laboratories, Inc.) and-Bi&- jUL
(bromomethyl)biphenyl in refluxing MeOH (1 h). Salts
[3][A-4], [3][rac-5], and [3][A-5] were prepared following ;
previously reported conditior§.In all cases, initial room l?
temperature NMR analyses revealed broad resonances or lack
of signal separation. The existence of a dynamic conforma- ¢
tional isomerism was therefore considered with the spectra
being recorded around or above the coalescence temperatures M

|

(b)

v

(©
(see Supporting Information). A variable-temperature experi-

by
ment was then performed on s&@{[Br] in *H NMR (CDCly) $ '

and an AB system appeared at low temperature for the ! ¥

benzylic protons demonstrating without ambiguity the exist- ——JJL)JM
ence of stereodynamics (Figure/8G* =13.1 kcalmol=).17
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Figure 3. Stereodynamics of salB][Br] as evidenced by VT-
NMR (400 MHz, CDC4, 323—223 K). Coalescence temperature
(T) = 283 K, Av = 206.2 Hz,J = 13.4 Hz. AG* = 13.1

keal-mol. Figure 5. 15N NMR (51 MHz, CD.Cl,) of salts (a) 8][rac-5]; (b)
[3][A-5], d.r. 1:1; and (c) B][A-4], d.r. 1.6:1.
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To our surprise, only one set of signals was observed whereas

two series of resonances were expectét|.3C, and SN Salts B][A-4] and [3][A-5] were then studied. For the latter
compound, only a very small enantiodifferentiation (A0

(15) Lloyd-Jones, G. CSynlett2001, 161—183.

(16) Prepared by metathesis 8f[Br] and [MeNH;][ A-4], [BusNH][rac- (18) With [3][rac-5], the VT-NMR experiment was hampered by the
5], and [cinchonidinium]]-5], respectively, and isolated in chemically pure  large Av (346.6 Hz) andT. (~313 K) values which limited the study in
form by chromatography (AD; or Si0;, CH,Cl,). See ref 12 and Supporting CDCl; at high temperatures.

Information. (19) This is rather improbable considering the results of Maruoka et al.
(17) The relationshipp\G* = RTy(22.96+ In(Td/~/(Av2 + 6J?) was used See ref 4.

to determine the activation energyG*, from the coalescence temperature, (20) Preliminary DFT calculations with different functionals/basis sets

Te (K), the frequency separation of the pealks; (Hz), and the coupling combinations have shown that the homochiEd)(conformer is preferred

constant between the nucldi(Hz). by about 1.5 kcamol™.
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0.007 ppm, Figure 4, spectrum c) was observetHiNMR,
which was confirmed ift®N spectroscopy by the splitting
of the nitrogen signal (Aé= 0.017 ppm, Figure 5, spectrum
b). For salt B][A-4], a more noticeable effect was monitored
as the signals of the benzylic protons were completely split
in two sets at—40 °C (Admax = 0.202 and 0.286 ppm in
CD,Cl; and CDC}4, respectively; Figure 4, spectra d and e).
The enantiodifferentiation was also evidenced®™ NMR
spectroscopy (Aé= 0.20 ppm, Figure 5, spectrum c). All
these results advocate for a chif@h symmetry for the
thermodynamically preferred conformer.

Interestingly, the low-temperature NMR experiments on
[3][A-4] revealed not only a separation of the signals of the
D, symmetric enantiomers but also an induction of chirality

from the anion onto the cation as the integration of the signals

gave 1.6:1 and 4.6:1 ratios in pure &I), and CDC}
respectively. This observation is clearly the result Bfeiffer
effect?! in which one of the diastereocisomeriS[g8)-3][A-
4] and [(RR)-3][A-4] ion pairs is thermodynamically favored
in solution. The higher diastereoselectivity in chloroform is
probably the result of a tighter ion pairing in this lower
polarity solvent?

Finally, assignment of the configuration of cati®m the
preferred [3][A-4] ion pair was attempted by circular
dichroism. UV spectra of salt3][Br] were recorded and

lowering of the polarity of the solvent medium, CD spectra
of salts B][ A-4] and [BwN][ A-4] were recorded in mixtures
of CHCIl; (0—75%) in CHCI, (Figure 6). As expected, an
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Figure 6. Calculated CD spectra ¢f3][A-4]—[BusN][A-4]} in
mixtures of CHCYCH,Cl,: (a) 0%; (b) 25% CHG} (c) 50%
CHClg; and (d) 75% CHGl Concentration 2.1% 1076 M.

absorbance in the region of the A band was detected on the
calculated spectra which intensified with the increase of the
chloroform content (lower polarity), its positive sign indicat-

revealed the absorption characteristics of biphenyl containinging a preferredM torsion for the twisted biphenyl chro-

moieties, including the A band at 249 nm in &Fh. As
shown by Mislow and Sandstrom, positive and negative
Cotton effects can arise from the A band if the twisted
biphenyls have predominakt andP torsions, respectivek?.

CD spectra of enantioenrich&kshould thus reveal such an
effect. However, we realized that the CD active chro-
mophores oft would appear on the spectrum and mask the
induced CD spectrum &. We therefore prepared a sample
of [BusN][ A-4],*?2containing the CD inactive tetrabutylam-
monium cation, and decided to subtract its CD spectra from
those of B][A-4] so as to observe the induced CD of cation
3 only. To benefit also from th@feiffer effect, which sees
the diastereoselectivity of the induction increase with the

(21) Pfeiffer, P.; Quehl, KChem. Ber.1931,64, 2667—2671. Green,
M. M.; Khatri, C.; Peterson, N. CJ. Am. Chem. S0d.993,115, 4941—
4942. Owen, D. J.; VanDerveer, D.; Schuster, GJBAmM. Chem. Soc.
1998,120, 1705—1717 and ref 9.

(22) Reichardt, CSolvents and Seént Effects in Organic Chemistry
2nd ed.; VCH: Weinheim, Germany, 1988.

(23) Bunnenberg, E.; Mislow, K.; Moscowitz, A.; Djerassi, £.Am.
Chem. Soc1962,84, 2823—2826. Mislow, K.; Djerassi, C.; Records, R.;
Bunnenberg, E.; Wellman, KI. Am. Chem. Sod 963,85, 1342—1349.
Borecka, B.; Cameron, T. S.; Linden, A.; Rashidiranjbar, P.; Sandstrom, J.
J. Am. Chem. S0d990,112, 1185—1190. Loncar-Tomascovic, L.; Sarac-
Arneri, R.; Hergold-Brundic, A.; Nagl, A.; Mintas, M.; SandstromHgl.
Chim. Acta2000,83, 479—494. See also ref 8c.
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mophores oB. Salt [(R,R)-3][ A-4] is therefore the preferred
diastereomer in solution.

In conclusion, the highly symmetric spirobi[dibenzaze-
pinium] cation exits in a preferred homochiral conformation
in solution. Partial control over its configuration can be
realized by an asymmetric ion pairing with the chiral
BINPHAT anion. Studies directed toward the use of salt
[3][A-4] in asymmetric chemistry are being pursued.
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