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A desymmetrization route to fused Tro ‘ger's base analogues was developed. In this way, the synthesis of the first example of an anti-anti
diastereomer of a fused tris-Tro “‘ger's base analogue was accomplished. The resulting compound 5b is a nonlinear symmetric regioisomer
obtained from p-bromoaniline in 7% yield. The corresponding syn-anti diastereomer 5a was obtained in 4% yield.

The recognition of unfunctionalized molecules by receptors surface of the receptor and the ligand, the latter interaction,
takes place on concave surfaces and involves mainly non-however, only for more functionalized ligands. One synthetic
directed solvophobieeffects and van der Waals interactibns molecule containing a chiral rigid aromatic concave surface
between the surface and the molecule to be recognized.s Troger's base, 2,8-dimethyH;12H-5,11-methanodibenzo-
Particularly interesting are aromatic surfaces because of theif{b,f][1,5]diazocin€e’ obtained by the condensation of methylal
rigidity and the possibility of additional interactions such as andp-toluidine in concentrated hydrochloric acid. Analogues
aromatic stackingand cation—zinteraction$ between the  of Tréger's base have been used as synthetic receptors
because of their aromatic cavity and the possibility to anchor
e MarmurA. J. Am. Chem. S02000 122 2120-2121 and references  rgcognition elements to the skeleton in a controlled spatial
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bicyclic aromatic building blocks to form chiral molecular
tweezerd.This line has been followed by Pardo and by Kra
in the synthesis of chiral molecular tweezers consisting of
fused bis-Tréger's base analogdéskRecently, Pardo and
Kral synthesized more extended analogues: fused tris-
Troger's bases (Figure 11! There are three possible
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Figure 1. Previously synthesized fused tris-Troger's base ana-
logues.

regioisomers of fused tris-Troger's base analogues, the
“nonsymmetric”, the “nonlinear symmetric”, and the “linear
symmetric” (as shown for the fused tris-Troger's base
dibromo-anlogues in Figure 23.In addition, for each of

these regiosisomers there are three different possible dia-
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(12) The name of the regioisomers refers to the symmetry of the carbon

skeleton without substituents. See Figure 2 for all such regioisomers possible.
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Figure 2. All possible regioisomers and diastereomers of fused
tris-Tréger's base dibromo-analogues formed frdm

stereomers, syn-anti, anti-anti, and syn-syn. For the non-
symmetric regioisomer there is one additional possible
diastereomer, the anti-syn (Figure 2). To date, two of the
three possible regioisomers, the nonlinear symmetric and the
linear symmetric have been obtained. Compoutidsand

21 (Figure 1) are nonlinear symmetric. The fused Troger's
base analogu& was synthesized from-nitroisatoic anhy-
dride andp-toluidine in seven steps in a 10% overall yield,
and analogu@ was synthesized frop-methoxybenzene in
five steps in an 18% overall yield. Compou¥ (Figure

1) is linear symmetric and was isolated together with other
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Troger's base analogues in the condensation reaction be |

tweeen HMT in TFA and a 1:1 mixture of 2,5-diamiipe- Scheme 1. Synthetic Route t&a and5b
xylene andp-toluidine!! The presence of blocking methyl NH, 1) mBull
groups in the former starting material makes the linear © (CH,0), N Br  THF/ELO (3:8)
symmetric regioisomer the only possible regioisomer of —_ = /@@@ _rsc
compound3. So far, the diastereomers of fused tris-Tréger’s TFOA Br N 2) Tslg .

base analogues that have been synthesized, isolated, and ®" r:f’fg 7 o0%
unambigiously characterized are the syn-anti (anti-syn) 1) NaBH

isomers as irla,bl® 2al! (VVA1Y, and 3! (VVA ), and Nb/"h THF

the syn-syn as iicl° However, the anti-anti diastereomer BrmN 2) 4 M HCl in dioxane

of a fused tris-Tréger’'s base analogue has not yet been 8 92%

prepared and characterized prior to the present Work. 5a (14% isolated yield,

Although yielding the first fused tris-Tréger’'s base ana- Nb/NHSC‘ (CH,O), 4% overal)
logues, the synthetic methodologies leading to compounds Br/@N A 56 (26;?:o]ated Jield
1-3 might be impossible to use for the controlled construc- 9 7% overall) ’
tion of higher oligomers of fused Tréger's base analogues,
due to the difficulty in converting methoxy and methyl
groups, present in the terminal positions of those compounds,dibromo-substituted Tréger's base analogue 65% yield16
into amino groups; these are necessary for the condensatiowe have previously developed a desymmetrization protocol
with formaldehyde or its equivalents to generate a new for the synthesis of asymmetrical 2,8-disubstituted Tréger's
Tréger's base framework. base analogues froif” Thus, following a slightly modified

We now present a synthetic route to fused tris-Tréger's protocol, 7 was subjected to single bromiréthium ex-
base dibromo analogues that uses desymmetrizatio€gf a  change followed by quenching with TgNThis gave the
symmetric 2,8-dibromo Troger's base analogue as the key2-azido-8-bromo Trdger's base analoglia 50% yield that
step. Its extension could constitute a general method for theafter reduction with NaBkland acidic workup resulted in
synthesis of fused Troger's base analogues of higher generathe monoamino Troger’s base analo§ues its hydrochloride
tions soon. Furthermore, we present the first example of ansalt, in 92% yield. Compoun@ was reacted with paraform-
anti-anti fused tris-Troger’s base analogue. aldehyde in TFA and the fused tris-Tréger’s base analogues

The fused tris-Troger's base dibromo analogues are ©2 and 5b were isolated'using gxtensive column chroma-
presented in Figure 2. There are three possible regioisomersiodraphy and characterized using NMR ' spectroscopy as
the nonsymmetricd, the nonlinear symmetri@, and the ~ described below. In the best rurisa was obtained in 14%
linear symmetri®, and for each regioisomer there are several Yi€ld'® and 5b in 26% yield (4 and 7% overall yield,
possible diastereomers as seen in Figuf@ Bspecially ~ 'espectively). o
interesting from the point of making artificial receptors are It iS worth noticing that the desymmetrization route

the syn-syn diastereomers because they constitute clips and€Scribed above for the synthesis of fused tris-Troger’s base
tweezers and as such are ideal for the recognition of analogue®aand5b could in its extension be a general route

unfunctionalized molecul€é.The anti-anti diastereomers on {0 fused oligo-Troger's base analogues of higher genera-
the other hand have two small concave cavities that couldions:  The dibromo compoundSa and Sb could be

be used for the recognition of two small molecules or converted to the correspondlng monoamines using the same
representing two recognition points for a large molecule. If Methodology as described above and in the next step being
the fused tris-Tréger's base dibromo analogues are used agondensed with paraformaldehyde/TFA, alone, or together
the building block for longer analogues, a receptor with With another fused Troger's base monoamino-monobromo

multiple binding points can be envisaged. In addition, the analogue of a different generation. In this way, in principle,

wedged extended surfaces of the anti-anti diastereomerd?!l possible oligo-fused Tréger's base dibromo analogues

could be interesting as linear molecular rods and wites. C°¥|hd b? getnerat(eﬁd. c ric. an@b. C i
The synthesis of the fused tris-Trdger's base dibromo © Structures aa, &.1-Symmetric, aneo, -z symmetric,

. : . . were readily outlined from NMR data. (See the Supporting
analogues was carried out in four steps as outlined in SChemEinformation for NMR spectra.) Unique chemical shifts could
1 (see the Supporting Information for experimental details |

and characterization). Condensingbromoaniline with be assigned to all nuclei iBb. In 5a, the symmetrically
paraformaldehyde in TFA gave th€,-symmetric 2.8- placed aromatic carbons C-2 and C-14, Cdrxd C-24', as

well as C-10and C-22were not individually assigned. (See
Figure 2 for the numbering of the atoms. In cases of
symmetrically placed atoms, the discussion applies to both

(13) Krél also isolated either &b or 2c 1! Isomerization oRaand2b/c
gave a mixture of three fused tris-Tréger’s base analogues as identified by
LC—MS, and according to Krdl, proving that all diasteromer® tin be

obtained. (16) Jensen, J.; Strozyk, M.; Warnmark,XHet. Chem2003,40, 373~
(14) Compoundl can be used in one more condensation reaction with 375.

formaldehyde after the reduction of the nitro group to an amine. (17) Jensen, J.; Tejler, J.; Warnmark,XKOrg. Chem2002 67, 6008~
(15) (a) Schwab, P. F. H.; Levin, M. D.; Michl, Chem. Re»1999,99, 6014.

1863—1933. (b) Robertson, N.; McGowan, C. 8hem. Re»2003, 32, (18) The fraction containinga consisted also of approximately 2 mol

96—103. % of 5b.
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atoms and they are addressed by putting one of the atoms iris the only C;-symmetric diastereomer of a nonlinear
parentheses.) In the HMBC spectra, all carbons in the symmetric regioisomer of a fused tris-Tréger’s base analogue
terminal aromatic rings were correlated from the aromatic (Figure 2).

protons as well as from methylene protons H-24(12), The diastereomer of th&,-symmetricSb could have been
H-25(27), and H-6(18). Protons H-6x(18x) and H-6n(18n), either syn-syn or anti-anti, but was proven to be anti-anti
using x forexoand n forendq correlated to no other carbon ~ from the NOESY spectra. An observed NOESY correlation
in the terminal aromatic ring than C{46') and thus estab- ~ between H-6x(18x) and H-7n(19n) and between H-7x(19x)
lished the position of the quaternary carbon 'Ct&') and and H-6n(18n) irbb proves that the diastereoisomer is anti-
indirectly that of C-2412). In the NOESY spectra, correla-  @nti (Figure 3). The inter nuclear distances H-6x(18x) to
tions between H-1(13) and the methylene protons H-24x(12x) H-7n(19n) and H-7x(19x) to H-6n(18n) are much shorter
and H-24n(12n) is in accordance with distances expectedtn@n theexoto exoandendoto endodistances in the global
for benzylic protons staggering an aromatic proton. The aro- €N€r9y Minimum conformation of an anti-anti diastereomer
matic proton H-4(16), on the other hand, is farther in distance ofa nonllmear symmetric regioisomer equalenBtD The

to the methylene protons H-6(18) and can only be expected reverse 1s true for the syn-syn d|§1stere9mer, in the case of
to receive NOE from the H-6n(18n), as was observed in our which an NOE of zero 'to negative intensity wouild be expec-
NOESY spectra, and not from the H-6x(18x). NOESY cor- ted between the mentionetkoandendoprotons. Thus the

. observed NOESY correlations between H-6x(18x) and
relations fr(_)m H-25(27) to_ H'24?((12X? and H'GX(18X)’_ fur- H-7n(19n) and between H-7x(19x) and H-6n(18n) are taken
ther established the relative orientation of the nuclei con-

as conclusive evidence for the anti-anti diastereoméibin

sidered so far. (Figure 2).

To determine which regioisomers were formecbaand Finally, compounds5a and 5b were subjected to an
5b, we used the same approach as has been applied to fusedomerization study. It has been demonstrated that optically
bis- and tris-Tréger's base analogues previo&3hiThe ab- pure Trégers base racemizes under moderately acidic

sence of NOESY correlation from the methylene protons conditions!® Thus, stirring5a and5b separately in TFA for
H-6(18) in5a and5b to protons in the inner aromatic rings, several days at r.t gave in the first case a mixturéaand
H-21(9) and H-22(10), strongly indicated that the nonlinear 5b in an approximately 4:1 ratio and in the second case,
symmetric regioisomer was at hand (Figure 3). NOESY spec- only 5b. This proved as expected that the anti-anti diaste-
reomer5b is the thermodynamically more stable of the two

I 0o somers,

In conclusion, we have synthesized, isolated and charac-
terized the first example of an anti-anti diastereomer of a

a, g o c{/ Vd ?1 s fused tris-Tréger’'s base analogue, the dibromo analégue
_ J},_}\-—{H\za 3 4/"\0_{,2 ‘5-@/ as well as a syn-anti diastereom@s, both as nonlinear
R 0 oo "I \.' | symmetric regioisomers. The synthetic route involving
e \@-"‘.;g’r\.l &/ B desymmetrization of Troger’s base dibromo-analogues could
. e o \O'f?f’ﬁh?: in principle be used to synthesize fused Trogers base
al ‘I.j 4 64_, o e dibromo-analogues of higher genererations. We have also
A, proven that the anti-anti isom8b is the thermodynamically
'\-:,I’O‘ o 9 more stable of the two isolated isomers.
|
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Hz. The latter observation further established the proposedq, y50513¢

nonlinear symmetric regioisomeri. The expected NOESY . .
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