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A Second Generation Solid Phase Approach to Freidinger Lactams:
Application of Fukuyama’s Amine Synthesis and Cyclative Release via Ring
Closing Metathesis
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Abstract: A high-speed solid phase synthesis of Freidinger lactams was accomplished using a
novel variant of Fukuyama’s amine synthesis and ring closing metathesis-promoted cyclative cleavage
as kcy steps. © 1998 E Elsevier Science Ltd. All rlnhrc reserved.
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In a previous communication,! we reported an efficient solid phase approach?3 to the synthesis of Freidinger
lactams 445 utilizing the Fukuyama modification of the Mitsunobu reaction®7 and ring closing metathesis8
(cyclative cleavage event) as key steps according to Scheme 1. While the approach is adequate with regard to

Scheme 1

(a) (8)-phenylalanine methyl ester-2,4-dinitrobenzenesulfonamide, DEAD, PPh3, THF, RT, 16h, 69%.9
(b) n-BuNH,, CHyClp, RT, 2h. (¢) (+)-N-t-Boc-allyl glycine, 1-methyl-2-chloropyridinium iodide, EtN(i-Pr)z,

- ~ s

CiHoCip, refiux, i6h. {@) (CysP),Ci,Ru=CHPh (5 moi% based on ioading),® 1,2-dichioroethane,
aneM 40k 1804 frcm 1

technical ease, overall chemical yields and purity of the desired products, the absence of commercially available
2,4-dinitrobenzenesuifonamides prompted us to explore an alternative reaction paradigm utilizing a nucleophilic
resin component in the initial Fukuyama-Mitsunobu loading step (Scheme 2). We anticipated the described
umpolung approach would allow us to leverage both the enormous pool of commercially available alcohols and
the versatility of the Fukuyama-Mitsunobu procedure to render a more practical high-speed entry into this
important peptidomimetic class. Thus, alkylation of the 2,4-dinitrobenzenesulfonamide resin § with an alcohol
input using Fukuyama-Mitsunobu conditions® gave the intermediate resin-bound sulfonamide 6. Sulfonamide
cleavage followed by acylation with an @-unsaturated pentenoic acid derivative afforded intermediate 7. Finally,
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Table 1. Synthesis of Freidinger lactams 8 via Scheme 2
mra!'
Entry R4 R, R;  %yield of (8)
1 Ph H NH{-Boc 36
2 3.CFsPh H NHt-Boc 31
3 3-CIPh H NHt-Boc 31
4 4-MeOPh H NHi-Boc 30
5 n-Pr H NHt-Boc 34
6 Me Me NHt-Boc 29
770 Ph  CO,Me NHt-Boc 23
8 Ph H (CgHy1)-CHoCH, 34
9 Ph H i-Pr 35
10 Ph H Ph 15
As shown in Table 1, the sequence is general with respect to the alcohol component. Thus, both primary and
secondary substrates, including o-hydroxy esters servin i id pre ntry 7) afforded the desired
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unsaturated carboxylic acid input, o-(C)-substituted-4-pentenoic acids were successfully empioyed (entries 8-
10).
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Loading was conveniently assessed at this stage via suifonamide cleavage and gravimetric analysis of the
resulting N-(n-Butyl)-2,4-dinitroaniline 13. Subsequent treatment of 12 with trifluoroacetic acid gave the

desired cinnamylamine-2,4-dinitrobenzenesulfonamide resin 5 in multigram quantities and in excellent overall
yield.13
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(a) DEAD, PPhg, THF, RT, 16h. (b) n-BuNH,, CHoClp, RT, 2h. (c) TFA, CH,Cl,, RT, 16h
Representative experimental for the solid phase synthesis of 8: To a ension of resin § (0.5-0.7 mmol/g) in
THF at RT was added the alcohol (3 equiv.), tripheny phosphmc a3 eq ) and DIAD, all as 0.2 M solutions in

shakmg 16h at RT, the mixtur;, was diluted with 1 part CH?Clz, and n- butylamine (1.0 M sol. in

Cr
2; 10 equiv.) was added. After axmg for 1h at RT, the resin was filtered, washed with CH,Cl,, MeOH
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Pr), (3 equiv.), and HATU" ([O-(7-azabenztriazole-1-y1)-1,1,3,3- tctramethyluromum hexaﬂuorophosphate]) or
PyBroP (bromo-tris(pyrrolidino)phosphonium hexaﬂuorophosphate) (3 equiv.), all as 0.1 M solutions in DMF.

After shaking 16h at RT (48h when PyBroP was used), the resin was washed with DMF, MeOH-water, MeOH,
CH,Cl,, air dried and re-suspended in degassed 1,2-dichloroethane. (Cy.P), CLRu=CHPh (0.1 M in 1,2-

SoXRIN1T, LATU QAU LUTOUSPUILUA 1l LUEASSUL L, LTRAaUIDUIIRAN,. (Y gt S neaganasT LU0 05 0. ol 0 N R W 0N SR A B 8 ) 1,4

dichloroethane) was then added (5 mol% based on 80% conversion)!> and the mixture was heated at 80°C for
16h. Cooling, filtration through silica gel and solvent evaporation gave the desired lactam.

an
promoted substrate release as key steps. The method is underscored by its versatility, operational simplicity and
its ability to employ readily available inputs.
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Based on recovered N-(n- y )

2, 4-dinitroaniline from sulfonamide removal with n-butylamine (assumes
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lycine and (S)-methyl-2-hydroxy-3-phenyl propionate were used and a single diastereomeric

UYUQLOA y-I-PUCI YL PLOPIVLALC

1
(8) was obtalned presumably with inversion of conflguranon during the loading step

G’Q

. Purity levels ranged from 90-95% based on 'H NMR anaiysis at 400 MHz. Detectabie impurities incuded:

diisopropylethylaminesHPF, (5-10%) when HATU was used despite rigorous washing of the resin
following acylation, and tncvclohexylphosphme oxide < 5%.

Frechet, J. M.; Schuerch, C. J. J. Am. Chem. Soc. 1971, 93, 492-496.

. The amount of recovered of 13 indicated a quantitative conversion of 10 to 12 and I.R. analysis of of resin

5 following TFA treatment indicated a complete disappearance of the characteristic carbonyl stretch.

. HATU and PyBroP gave similar yields. However, while the less reactive PyBroP required longer reaction

times, desired- products were obtained free of ammonium salts (see reference i ).

Based on solution phase model studies using trans-cinnamyl amine.



