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Abstract: Cycloetherification of dipeptide (L.L) N-Boc-(4-fluoro-3-nitro)Phe-Dopa methyl ester
(11) gave exclusively the (m,p)-cyclophane (14) at the expense of the 15-membered (p,p-)cyclophane
(16). An efficient synthesis of cycloisodityrosine was consequently developed.

© 1998 Elsevier Science Ltd. All rights reserved.

The intramolecular SNAr based cycloetherification reaction has been developed during the last several
years as a powerful synthetic methodology!-3 and has been employed in the synthesis of a variety of complex
biologically important macrocycles with an endo aryl-aryl!-10 or aryl-alkyl ether!! linkage. As a continuation of
our research program, we became interested in investigating the cyclization of type A substrates (Figure 1) in
order to study the ring size selectivity during the cyclization (path a vs b) and the possible thermoequilibrium of
products B and C via Smiles rearrangement!2. If the cyclization could be driven, either kinetically or
thermodynamically towards the formation of type B meta,para-cyclophane, then several desirable features
would be evident in terms of the synthesis of natural products such as deoxybouvardin (1), RA-VII (2) and
related RA series (Figure 1).13-17 Firstly, this route would allow the use of commercially available L-dopa
instead of side chain selectively protected dopa derivatives for which five steps are required in the till now
shortest syntheses. 18 Secondly, 4-fluoro-3-nitrophenylalanine would become the electrophilic partner in SNAr
reaction instead of 3-fluoro-4-nitrophenylalanine, suspected! to be responsible for the easy epimerization
encountered in the previous SNAr based synthesis of cycloisodityrosine14.15 (Scheme 1). Lastly, the access to
natural products would be achieved by reductive removal of nitro group, which in our own experience was
found to be easier than the corresponding transformation of nitro to hydroxy function, especially in a large scale
preparation. The successful implementation of this strategy highlighted by an efficient synthesis of
cycloisodityrosine (3) is the purpose of this paper.

Linear compounds 10 and 11 (Scheme 2) were prepared following standard procedures. Temporary
protection of two hydroxyl groups of L-dopa methyl ester (7) as TMS ethers, followed by EDC mediated
coupling with 4-fluoro-3-nitrophenylpropionic acid (8)!9 or L-N-Boc-4-fluoro-3-nitrophenylalanine (9)20
gave, after acidic aqueous work-up, the cyclization precursor (95)-10 or (95,125)-11 in more than 85% yield.

The initial cyclization study was carried out with model compound 10 (Scheme 2). When conditions
developped for the cyclization of 4 (NaH, THF, 0°C, Scheme 1)!4.15 were applied to 10, the reaction
proceeded as expected to give the two atropodiastereomers of 14-membered p,m-cyclophane 13a and 13b in
reasonable overall yields (55-65%). The formation of 15-membered p,p-cyclophane 16 was not observed
indicating that neither path b nor Smiles rearrangement (Figure 1) was operating in this case. As matter of fact,
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no Smiles rearrangement was observed when pure cyclophanes 14a and 14b were submitted to the cyclization
conditions. This result was understandable if one considers the high ring constraints2] associated with the
formation of the p,p-cyclophane (16). Indeed, Dreiding models showed that compound 16 was too strained to
be produced. A pleasant consequence is that the two otherwise equally reactive hydroxyl functions?? were
successfully differentiated, a phenomenon inherent to the intramolecular process.23 A variable amount of cyclic
dimer was obtained when the substrate concentration was higher than 0.005 M. The intermolecular SNAr
reaction, slightly more competitive in the cyclization of 10 than in previously studied substrates such as 4,
could be partly explained on statistical grounds as both hydroxyl groups of 11 can participate to an
intermolecular process. That compounds 13a and 13b were atropodiastereomers was confirmed by
independent conversion of the individual macrocycles 13a and 13b into the common 14-membered cyclophane
17 via a three step sequence (vide infra).
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In contrast, treatment of (95,125)-11 in THF (0.001 M) with NaH gave no cyclic product and only the
starting material was recovered. Thus, a survey of reaction parameters varying the base, the solvent, and the
temperature was carried out. It was found that the outcome of the cycloetherification was quite sensitive to the
experimental conditions. While no reaction occurred in THF (dielectric constant € = 7.6), and HMPT (g = 30)
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with either NaH or K2CO3 as base, the cyclization proceeded smoothly in more polar aprotic solvents such as
DMEF (e = 37), DMSO (g = 47) being the best in accord with its high dielectric constant. A reasonable reaction
rate was observed only at room temperature. At 5°C, the reaction time was substantially prolonged leading to a
diminished yield due to partial decompostion of cyclized product. Overall, in the optimal conditions we found
(K2C0O3, DMSO, 0.002M, room temperature), a mixture of cyclic products 14a and 14b was obtained in 55-
65% isolated yield. While it was difficult to separate the two atropodiastereomers at this stage, the two O-
methylated products 15a and 15b, obtained by treatment of 14a and 14b with K2CO3 in DMF, were easily
separable and their configuration was deduced from NOE experiment. As observed in the vancomycin series,24
a NOE cross peak between protons H12 and H18 was found in the NOESY spectrum of M
atropodiastereoisomer 15a, while that of H12 and H1S5 for the P diastereoisomer 15b.
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The observation that partial degradation of cyclic products 14a and 14b occurred during flash
chromatography purification and the fact that both cyclization and methylation steps could, a priori, be carried
out under identical conditions prompted us to examine the possibility of combining these two operations in a
one-pot fashion. This tandem reaction sequence was found to be a rewarding experiment as compounds 15a
and 15b were indeed isolated in greater than 75% yield simply by exposure of a DMSO solution (0.002 M) of
dipeptide (95,125)-11 to K2COj3 followed, after 2 h, by addition of Mel (excess) to the reaction mixture.

We have also synthesized compound (9S,12R)-12 by reaction of L-dopa (7) with D-9 (Scheme 2).
Submitting (95,12R)-12 to identical cycloetherification conditions as described for (95,125)-11 gave a
mixture of two inseparable atropodiastereomers 18a and 18b whose physical data were completely different
from that of 14a and 14b (Scheme 2). This control experiment indicated that the stereochemical integrity of
(95,125)-11 was preserved in both preparation and cyclization steps, in sharp contrast to the easy
epimerization encountered with compound (95,125)-4. In line with the configurational stability of 14a and
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14b no epimerization occurred by treatment with DBU in THF, conditions known to epimerize § (degradation
was, however, observed). Overall, these observations provided indirect evidence that the presence of 3-fluoro-
4-nitrophenylalanine fragment in compounds 4 and 5 was more or less responsible for their configurational
labilty as proposed previously.15

The transformation of cyclophane 15a and 15b into the desired cycloisodityrosine 3 was
straightforward (Scheme 2). Hydrogenation of a mixture of 15a and 15b in MeOH in the presence of catalytic
amount of Pd/C afforded the amino derivatives which were submitted, without further purification, to in situ
diazotization and reduction?3 to afford compound 19 {[a]p = + 56, ¢ 0.9, CHCI3; Lit!4: [a]p = + 57, ¢ 0.6,
CHCl3}. N-methylation followed by removal of N-Boc function from 20 gave then N,N-dimethyl
cycloisodityrosine 3 whose physical data were identical in all respects with the literature values.14:15

In summary, we have described a new route to cycloisodityrosine 3, an important structural subunit of
bouvardin and RA series from readily available starting materials by way of an efficient cycloetherification
reaction. The preferential formation of 14-membered m,p-cyclophane over the alternative 15-membered p,p-
cyclophane is a result of an enthalpy controlled process.26 Further studies to address the generality of this kind
of selective ring forming process and its application to natural product synthesis are in progress.
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