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NEW ROUTES TO CONFORMATIONALLY RESTRICTED PEPTIDE BUILDING
BLOCKS: A CONVENIENT PREPARATION OF BICYCLIC PIPERAZINONE
DERIVATIVES
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Abstract: A facile route for the synthesis of peptide building blocks that constrain the peptide
backbone with a 1,4-diazabicyclo[4.3.0]nonane ring skeleton is reported. The synthesis employed
an anodic amide oxidation based approach for generating a functionalized proline derivative, and
then utilized the derivative as a general substrate for rapidly assembling the bicyclic ring system.

Over the past several years, we have been working to develop a series of conformationally restricted
peptide analogs for probing the relationship between the predicted and actual biological activity of peptide
conformations.! This work has been exploring the overall utility of analogs that have the peptide backbone

Scheme 1 "imbedded” into a bicyclic (or polycyclic) carbon
framework (Scheme 1).2 Such an approach allows for
H o 0v§ H o O§—OH preservation and orientation of both the backbone

functionality and the amino acid side chains of the
peptide. In addition, such an approach offers advantages
in terms of the ease with which restricted analogs can
be designed from predicted conformations. The design
of new, restricted analogs simply involves identifying
protons in the desired peptide conformation that are
spacially close together and then replacing the protons
with an appropriately sized bridge. However, while
restricted analogs of this type are simple to design, they
are not always simple to construct. For this reason, we
have been developing synthetic methods in order to
make readily available peptide analogs having the
overall structures embodied by compounds 1-3. To
date, our interest in the binding of thyrotropin releasing
hormone (TRH) to its endocrine receptor site (TRH-R) has focused much of our attention on peptide analogs of
type 13 and type 245

Recently, interest in probing the accuracy of two computer based models for the binding of substance
PO 1o its NK1 receptor has led to the design of two new groups of peptide analogs (Scheme 2).7 These analogs
would target the critical Phe”-Phe8 region of substance P. While the structure of 4 appears to be consistent with
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the synthetic methodology developed in conjunction gopeme 2
with analogs of type 1, compound § would represent an
analog of type 3. In order to study the overall utility of
these analogs, we first needed to develop a convenient
synthetic route to the functionalized bicyclic ring
systems. We report herein an electrochemically based

approach for rapidly assembling the novel bicyclic 4 m=0,1) 5(n=1,2)
piperazinone ring skeletons (5, n = 1).8

The plan for constructing these analogs called for the use of a reductive amination reaction in order to
assemble the six-membered ring lactam (Scheme 3). The aldehyde required for this cyclization (7) reaction
would be derived from a 5-vinyl proline derivative (8) that would in turn be generated by electrochemically
functionalizing the corresponding proline derivative.%>10 As a starting point for testing the feasibility of this
Scheme 3
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Reagents: (a) Carbon rod anode, Pt wire cathode, und|v1ded cell, 0.03 M Et4yNOTs in MeOH electrolyte solution,
constant current of 26.8 mA (3.0 F/mole), 95%; (b) (CH3)7C = CHLi, CuBr-Me;S, BF3 Et70, Ety0, -78 °C to 0
OC, 89%; c) i. TBDMSOTH, 2,6-lutidene, CH,Cly; ii. n-BugNF, HyO, THF, 0 °C, 68% (over the two steps).

approach, proline methyl ester was sclected as the substrate for the electrolysis. As expected, the anodic
oxidation proceeded smoothly to form 9, which was then readily converted into the desired building block 8a.
As an interesting sidenote, it was found that the reaction of the cuprate reagent with the N-acyliminium ion
derived from 9 could not be allowed to stir for more than 15 minutes before quenching with a 1:1 solution of
NH40H and saturated NH4Cl. Longer reaction times led to a decrease in the yield of the 5-vinyl substituted
COMe proline and the formation of a proline side product that was methoxylated at the 2-position

2

reversible under the reaction conditions. Given time, the initial AN-acyliminium ion

-BOC\]\‘$(OMC (11). Apparently, kinetic formation of the 5-vinyl substituted proline derivative was

11 isomerized and then trapped methanol at Cy. Due to the electron withdrawing nature of the
methyl ester, regencration of the iminium ion toward C» would be expected to be slow, effectively stopping the
reaction. The stereochemistry of the vinyl proline derivative was tentatively assigned as trans based on literature
precedent.10 ‘This assignment was confirmed after completing the synthesis of 15a. At this point, no other
isomer could be observed by 300 MHz 1H NMR.

With the 5-vinyl proline derivative 8a in hand, the desired bicyclic piperazone analogs could be rapidly
synthesized in just three steps. Several examples are illustrated below (Scheme 4). In each case, 8a was coupled
to a second amino acid derivative by activating the carboxyl end of the amino acid as the acid fluoride.!! The
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Scheme 4
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12a. Ry=H, R;=CH3, n=0 13a. 9% 14a. 9%
12b. R, =H, R,=CH,Ph, =0 13b. 84% 14b. 98%
12¢. Ry=CHj, Ry=H, n=0 13c. 75% 14c. 97%
12d. R;=H, R=H, n=1 13d. 91% 14d. (99%)
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15a. Rj=H, R,=CHj, n=0 79%
15b. R;=H, R;=CH,Ph, =0 62%
15¢. Ri=CHj, Ry=H, n=0 82%
15d. R;=H, Ry=H, n=1 79%

coupling reactions utilizing the acid fluoride were found to be far superior to alternative routes using either
EDC or mixed anhydride based methodologies. Yields using these alternatives were typically in the range of
15-50%. Ozonolysis of the olefin followed by reductive workup led to the aldehyde which immediately
cyclized to form the bicyclic ring system. Hydrogenolysis using palladium on barium sulfate then removed both
the hydroxy group and the Cbz protecting group and afforded the desired bicyclic peptide mimetics. In the cases
forming six-membered rings (15a-15¢), a small amount (ca. 5%) of a minor isomer was formed.

For 15a, the stereochemistry of the major isomer was assigned with the use of a NOESY experiment.
The key crosspeaks used in this assignment are listed in Table 1. The proton and carbon connectivity of 15a
was assigned with the use of an HMBC experiment.12 As indicated, the stereochemistry of Hg was assigned
relative to the stereochemistry of Hg by using Hg to assign the stereochemistry of the protons on Cg and C7 and
then using the stereochemistry of these centers to establish the stereochemistry of Hg.

Table 1
, Signal NOE K - Volume i

Hop Hgp 0.621
e \H‘\ Hop Hgq, 0.151
Hog Hyp 0.205

u ~ /" Hop Hyg, -
H Hge, H7q, 0.816
Hgg, Hyp 0.386
15a Heq, Hgq, 0.551

Heg Hgp -

The formation of the bicyclic piperazinone skeleton was compatible with both the use of L- or D-amino
acids (15a and 15c¢), as well as the benzyl substituent (15b) needed for the substance P analog synthesis. In
addition, the formation of 15d demonstrated the versatility of the synthetic sequence for generating the
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analogous seven-membered ring lactam analogs. In this case, a 2:1 ratio of trans to cis isomers was formed. The
stereochemistry of both isomers were assigned with the use of a NOESY experiment in a fashion directly
analogous to 15a.

In conclusion, the synthetic route developed provides a convenient route for rapidily constructing
peptide analogs having a bicyclic piperazinone ring skeleton. Efforts to extend this work to the synthesis of
substance P analogs having the general structure of § are currently underway and will be reported in due course.

Acknowledgements: We thank the National Institutes of Health (PO! GM24483-12) and Washington University for
their generous support of our programs. Yvette M. Fobian thanks the Olin Foundation for a graduate student fellowship.
We also gratefully acknowledge the Washington University High Resolution NMR Facility, partially supported by NIH
grants RR02004, RR05018, and RR07155, and the Washington University Mass Spectrometry Resource Center, partially
supported by NTHRR00954, for their assistance.

References and Notes

1. For recent reviews describing the syntheses of conformationally restricted peptide mimetics see: a. Toniolo, C. Int.
J. Peptide Protein Res. 1990, 35, 287, b. Holzemann, G. Kontakte (Darmstadt) 1991, 1, 3, c. Olson, G. L.; Bolin,
D. R.; Bonner, M. P.; Bés, M.; Cook, C. M,; Fry, D. C.; Graves, B. J.; Hatada, M.; Hill, D. E.; Kahn, M.; Madison,
V. S.; Rusiecki, V. K.; Saraby, R.; Sepinwall, J.; Vincent, G. P.; Voss, M. E. J Med. Chem. 1993, 36, 3039, and d.
Giannis, A.; Koller, T. Angew. Chem. Int. Ed. Eng. 1993, 32, 1244.

2. For selected examples of related lactam based peptide mimetics see: a. Wolf, J. P.; Rapoport, H. J. Org. Chem.
1989, 54, 3164, b. Freidinger, R. M.; Perlow, D. S.; Veber, D. F. J. Org. Chem. 1982, 47, 104, c. Freidinger, R. M.
J Org. Chem. 1985, 50,3631, d. Zydowsky, T. M,; Dellaria, Jr., J. F.; Nellans, H. N. J. Org. Chem. 1988, 53, 5607,
e. Kempf, D. J.; Condon, S. L. J. Org. Chem. 1990, 55 1390, f. Kemp, D. S.; McNamara, P. E. J. Org. Chem. 1985,
50, 5834, g. Nagai, U, Sato, K. Tetrahedron Lett. 1985, 26, 647, h. Hinds, M. G.; Richards, N. G. J.; Robinson, J.
A.J. Chem. Soc., Chem. Commun. 1988, 1447, i. Paul, P. K. C.; Burney, P. A.; Campbell, M. M.; Osguthorpe, D. J.
Bioorg. Med. Chem. Lert. 1992, 2, 141, j. Ward, P.; Ewan, G. B.; Jordon, C. C,; Ireland, S. J.; Hagan, R. M,;
Brown, J. R. J. Med. Chem. 1990, 33, 1848, k. Flynn, G. A.; Giroux, E. L.; Dage, R. C. J Am. Chem. Soc. 1987,
109, 7914, 1. Flyan, G. A.; Burkholder, T. P.; Huber, E. W.; Bey, P. Bioorg. Med. Chem. Lett. 1991, 1, 309, and m.
Burkholder, T. P.; Huber, E. W.; Flynn, G. A. Bioorg. Med. Chem. Letr. 1993, 3, 231.

3. a. Moeller, K. D.; Rothfus, S. L.; Wong, P. L. Tetrahedron 1991, 47, 583, b. Wong, P. L.; Moeller, K. D. J. Am.
Chem. Soc. 1993, 115, 11434, c. Moeller, K. D.; Hanau, C. E.; d'Avignon, D. A. Tetrahedron Lett. 1994, 35, 835, d.
Comille, F.; Fobian, Y. M.; Slomczynska, U.; Beusen, D. D.; Marshall, G. R.; Moeller, K. D. Tetrahedron Lett.
1994, 35, 6989, e. Cornille, F.; Slomczynska, U.; Smythe, M. L.; Beusen, D. D.; Moelier, K. D.; Marshall, G. R. J.
Am. Chem. Soc. 1995, 117,909, and f. Li, W.; Hanau, C. E.; d'Avignon, D. A.; Moeller, K. D. J. Org. Chem. 1995,
in press.

4. Unpublished results with Mr. Yungsong Tong.

5. For a convenient approach to cis-peptide bond mimetics of this type see: Gramberg, D.; Robinson, J. A.
Tetrahedron Lett. 1994, 35, 861 and Dumas, J. -P.; Germanas, J. P. Tetrahedron Lett. 1994, 35, 1493,

6. Regoli, D.; Escher, E.; Mizrahi, J. Pharmacology 1984, 28, 301.

7. Private communication from Nikoforovich, G. V. and Marshall, G. R.

8.  For the use of piperazinone rings as conformational constriants for peptides see: a. DiMaio, J.; Belleau, B.; J
Chem. Soc. Perkin Trans. 11989, 1687, b. Kolter, T.; Klein, A.; Giannis, A. Angew. Chem. Int. Ed. Engl. 1992, 31,
1391, c. Bravo, A.; Gomez-Monterrey, 1.; Gonzalez-Muniz, R.; Garcia-Lopez, M. T. J. Chem. Soc. Perkin Trans. 1
1991, 3117, d. Jain, S.; Sujatha, K.; Rama Krishna, K. V.; Roy, R.; Singh, J.; Anand, N. Terrahedron 1992, 48,
4985, and e. Schanen, V.; Riche, C.; Chiaroni, A.; Quiroion, J. -C.; Husson, H. -P. Tetrahedron Lett. 1994, 35,
2533.

9.  For reviews of anodic amide oxidations see a. Shono, T. Tetrahedron 1984, 40, 811, b. Shono, T.; Matsumura, Y.;
Tsubata, K. In Organic Synthesis vol. 63, Saucy, G. Ed.; Organic Synthesis Inc., 1984, pg. 206 and references
therein, and c. Shono, T. In Topics in Current Chemistry vol. 148, Steckhan, E. Ed., Springer-Verlag, Berlin
Heidelberg, New York, 1988, pg 131.

10. For a directly analogous route to the carbomethoxy protected 5-(2'-methy-1-propenyl)proline derivative see:
Thaning, M.; Wistrand, L. -G. Acta Chemica Scandanavica 1992, 46, 194.

11. Carpino, L. A.; Mansour, E. M. E.; Sadat-Aalaee, D. J. Org. Chem. 1991, 56, 2611.

12. d'Avingnon, D. A.; Hanau, C. E.; Fobian, Y. M.; Moeller, K. D. Coordination Chem. 1994, 32, 135.

(Received in USA 30 November 1995; accepted 30 December 1995)



