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Abstract: A series of chiral lactams which represent conformationally restricted peptidomimetic building
blocks have been synthesized from enantiopure tert-butoxycarbonyl (Boc)-protected
2-aminocycloalkanones by (1) imine formation utilizing L-o-amino esters, (2) oxidation to oxaziridines,
and (3} photorearrangement.

Conformational restriction is a well-established strategy for improving the potency, selectivity, and
metabolic stability of peptide neurotransmitters and hormones.! Lactams which maintain a given dipeptidyl unit
in the trans amide conformer and bias neighboring y and ¢ angles,? moieties pioneered by Freidinger,3 have
proven particularly useful in a number of applications (e.g., the development of inhibitors of the renin-
angiotensin system# and agonists of human growth hormaneS).

Despite the demonstrated utility of such dipeptidyl lactams, a general synthetic route toward these moieties
which allow obtention of various ring sizes in enantiomerically pure form has not been realized. An "ideal"
method would (1) be applicable to lactams of various sizes, (2) allow the installation of potentially expensive
and/or scarce amino acid moieties late in the scheme, permitting divergence to a number of amino acid
substitutions, (3) incorporate protection schemes consonant with standard peptide chemistry, and (4) allow
control over relative and absolute stereochemistry. Previous reports from this laboratory described the
stereoselective synthesis of chiral lactams from cyclic ketones via spirocyclic oxaziridines.® We felt this
synthetic strategy could potentially address all of the above criteria. Herein, we communicate the synthesis of
enantio- and diastereomerically pure dipeptoid lactams using oxaziridines as key intermediates.

Our strategy (scheme) involved the condensation of enantiopure ters-butoxycarbonyl (Boc)-protected
2-aminocycloalkanones 17:8 with commercially available a-amino esters, oxidation of the imines with m-CPBA
to form oxaziridines, and photorearrangement of these oxaziridines to lactarns. Condensation of ketone 1a with
L-phenylalanine methyl ester (L-Phe-OMe) in the presence of dibutyltin dichloride? followed by oxidation with
m-CPBA10.11 resulted in oxaziridine 2 in 78% yield (entry 1). However, when the oxaziridine formation was
carried out with the antipode of ketone 1a (ens-1a; entry 2), a 76% yield of a mixture of diastereomeric
oxaziridines 2, 3 and 5 (17: 48: 11) resulted, indicating that the integrity of the C-4 stereocenter had been
compromised.

These diastereomeric L-Phe-OMe-derived oxaziridines were readily separable by flash chromatography, and
their photochemical rearrangement!? resulted in diastereomeric lactams 6 (from 2) and 7 (from 3 and 5).
Oxaziridines are known to rearrange to lactams under these conditions with stereoelectronic control: the carbon
atom anti to the nitrogen lone pair of electrons migrates.0¢ Hence, all three of the isolated oxaziridines must
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Entry ketone R1 R2 vield(%) ratio(2+4/3+5)a yield 6(%) yield 7(%)?

i 1a CH»Ph Me 78 <99:1 69 63
2 ent-1a CHjPh Me 76 77:23¢ 69 63
3 1a i-Bu Me 72 88:12¢ 65 69
4 la s-Bu Me 81 75:25 60 54
5 1a i-Pr CH,Ph 73 88:12 58 45
6 1a CHyCOMe Me 71 75:254 56
7 1a (CH2)2COoMe . Me 65 56:44¢c.d 61 48
8 1a CH>OCH,;Ph  CHyPh 81 c,d 35e -
9 1b CH3Ph Me 35 85:15 50 -

%Qnly 2 and 3 were isolated, except where indicated. #From single purified diastereomeric oxaziridine. ¢Both 3
and 5 formed. 4Both 2 and 4 formed. €Inseparable oxaziridines gave diastereomeric lactams.
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have the ester moiety oriented trans to the carbamate substituted carbon. This conclusion is corroborated by
I3C-NMR analysis (the C-4 peaks for these compounds have similar chemical shift values).5¢ The
preponderance of 2 over 3 and 5 in the reaction of 1a with L-Phe-OMe (and vice versa with enr-1a) indicates
that the stereocenter adjacent to the ketone carbonyl did not epimerize en route to the major products.

The enantiomeric purity of lactam 6 (>95%) was determined via JH-NMR chiral shift studies utilizing
Eu(hfc)s;13 hence, the stereocenter derived from the «-amino ester remained intact throughout the synthetic
sequence. On the other hand, employment of standard conditions in our laboratory for the synthesis of
oxaziridines (refluxing toluene, Dean-Stark trap), resulted in significant loss of optical activity. Therefore, the
mild conditions employed (ambient temperature, BuaSnCly catalyst) are necessary for the obtention of
enantiopure products.

In contrast to the results with L-Phe-OMe, oxaziridine formation between 1a and other amino esters resulted
in variable amounts of C-4 epimers; however, in almost all cases, the diastereomers can be separated by flash
chromatography, and photorearrangement leads to diastereomerically pure jactams, It is not surprising that
some of these amino esters would show different stereochemical preferences with respect to oxidation compared
with L-Phe-OMe; hence, C-1 diastereomers of 2 (i.e, 4) are formed upon employment of L-Asp(OMe)-OMe,
L-Glu(OMe)-OMe, and L-Ser(OBz)-OBzl (entries 6, 7, and 8, respectively). Despite the appearance of several
diastereomers in some cases, photorearrangement of oxaziridines 2 and 4 converge on lactam 6, and
oxaziridines 3 and § likewise form lactam 7. In many cases, racemic ketone may be utilized, and the
diastereomeric oxaziridines can then be separated and photorearranged to stereochemically defined lactams.

The effect of a larger ring size for the cycloalkanone was explored using L-Phe-OMe. Cycloheptanone 1b
(entry 9) reacted sluggishly: imine formation with larger amounts of tin catalyst (50 mol %) over 2 days resulted
in 35% yield of the desired oxaziridine, although the ketone could be recovered. Photorearrangement resulted in
the corresponding eight-membered ring lactam in 50% yield. Lactams of this size are difficult to obtain by other
methods.dc.d

In conclusion, we have developed a general, divergent, synthetic route to stereochemically-defined
lactam-based dipeptide building blocks suitable for incorporation into appropriate peptides by standard
chemistry. This methodology offers the advantage of utilizing commercially available o-amino esters and allows
the installation of a stereocenter adjacent to nitrogen in the product lactams. We are continuing to search for
conditions which eliminate the epimerization at C-4. Concurrently, we are applying this chemistry to the
synthesis of peptide analogues designed to interact with biologically relevent targets.
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