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Abstract: Efficient routes have been developed for the synthesis of the trans-lactone 2, the trans-lactam 3
and their 3-substituted analogues based upon cyclisation strategies using Mukaiyama's reagent. 33-Allyl,
thiophenyl and nmnvl lactones § inhibit r'hvmntrvncm and human leucocyte elastase and are

representative of a novcl class of serine protease mhlbnors. © 1998 Elscvier SCIenLe Ltd. All rights reserved.

The natural product 1, extracted from Lantana camara, is a potent inhibitor of several serine proteases"
and the [5,5] trans- Iactone mmety is nccc~%ary for potent mh1b1tory action involving cleavage of the lactone
s ~ P Y £

2 R=H, X=0
3 R=H, X=NH
4 a-R, X=0
5 B-R, X=0
6 B-R, X=NH

In contrast to cis-fused bicyclic lactones/lactams which are widely described in the chemical literature,”
there are only a few isolated reports of the corresponding trans-lactone 2* and no reports of the lactam 3. Our
approach to the parent trans-lactone 2 was via a simple laetomsatlon strategy. Thus, treatment of trans-2-
hydroxycyclopentaneacetic acid 7" with Mukaiyama’s redgent under high-dilution conditions (ca.lmg/ml)
afforded 2 in 64% yield (Scheme 1);° the strained nature of lhls system was evident from the IR spectrum
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derlvatlve 9. Catalync hydrogenatlon afforded the mtermedmte trans amino ester Wthh was hydrolysed under
basic conditions to give the trans amino acid 10. Cyclisation, using Mukaiyama’s reagent, gave 3 in good yield
(64%), the trans-fused geometry of which was confirmed by X-ray crystal structure analysis7 [mp. 99 °C,
Vmax(Nujol) 1701 cm’ cf. 1690 cm’! for the corresponding cis-lactam®].

0040-4039/98/$ - see front matter © 1998 Elsevier Science Ltd. All rights reserved.
PII: S0040-4039(98)01481-6



Scheme 1
H H
oM (i) NI ©
= "OH =70
H H
7 2
H H H
copr 1 CO,Et {ii, iv COH i
—_— - - 0
\/“;"\ * 4 4
\A (t) B NHBn \/;\NH, \/':‘\E
H H ? H &
8 9 10 3

Reagents and conditions: i, 2-chloro-1-methylpyridinium iodide 4eqs, E;N 8eqs, DCM, 40 °C, 18h, 64% 2,
64% 3, ii, BaNH,, NaBH(OAc);, AcOH, DCM, 43%; iii, H,, Pd/C, EtOH, 78%; iv, NaOH, McOH; HCl, 55%.

Although lactone 2 showed weak enzyme inhibitory activity (e.g. ICso 250 uM vs thrombin), we believed
introduction of substituents proximate to the carbonyl functionality, designed to access the primary specificity
pockets of enzymes of interest, would increase potency and provide selectivity of inhibition. 3a-Alkyl-, 3a-
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benzyi- and 3a-ailyi analogues were readily prepared when alkylations of lactone 2 were performed at -90 C
and gith avtandad caaabi e #21vmne T LIRA akla a agtaramcalan v e aca ra 3

and with extended reaction times [LHMDS, THF, >16 h] (Table 1). The diastereoselectivity in these reactions

presumably arises from the electrophile approaching the enolate from the molecular face opposite to the
proximate angular hydrogen H3a, in what is an essentially planar molecule.

Hydlivgel 1

Table 1. Alkylation of trans-Lactone 2

2 - 4 + 5 This is similar to that observed for 5,6-trans-y-

lactones,” but is in contrast to findings for the 5.5-

ENTRY RX RATIO YIF‘LD .r-:'n_uuuhxm in which the Roicamer ic nradiueced dne to
4:53 % LIA)'DJDLM L ki1 YV 1iiWll LN H‘lDUlll\rl 10 PLUUHU\'U MUY Vv

] PhCH, B 2991 53 its folded conformation.”® Electrophiles which,

9 Mel >99:] 69 when introduced, result in enhanced H3 acidity,

3 Allyl iodide >99:1 79 afford mainly B-orientated analogues (e.g. entry 4,

4 MeOCOCI 17:83 53

Table 1), presumably via enolisation/reprotonation

Q= = 1 . . P . e v e . lew nre avs
b t thes al b ¢ ‘HN . ~ s -
Measured by integration of the signal for Hba in MR of the 1n1tlally formed pI‘OdUCt 4.

Detection limits of minor isomer ¢a. 1%. "LDA, THF, HMPA,
-78 °C, 20%.

These facile epimer'sn ions in derivatives nngqpcqmo electron-withdrawing 3-subs stituents contrasts with

e
e fac meri €s po wilh
1o

the ,ail.,_re epimerise the corresponding o-methyl or at-allyl analogues (LDA, -90 °C; quench with aq. NH,Cl,
25 °C whereas 31m11ar epimerisations have been observed in 5,6-trans- ’Y—ldctones and in a related 5,5-cis-
lactone. However, B-isomers 5 not bearing an activating 3-substituent were prepared by alkylation of ester 11
or malonate 12, prepared by silylation (TBDMSCI, imidazole, DMF, 25 °C) of the corresponding hydroxy
esters,” followed by appropriate deprotection/hydrolysis which gave the precursor hydroxy acids 13, usually as
an inseparable 1:1 mixture of diastereoisomers (Scheme 2). Lactonisation using Mukaiyama’s reagent gave the

desired lactones as mixtures of o- and B- isomers (Table 2).



Scheme 2
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Keagents and condiuans: i, n=1I, LDA, -/ L, THE, allyl bromide; 8/%: n=Z, NaH, DMFP, Me¢l, b'lbr,
PrBr or BnBr; 81-93%. i, n=1; R=allyl, NaOH, aq. BtOH; 67%; n=2, R=Me, Et, Pr, Bn a. KOH/EIOH,

54-100%; b. Cu2O/McCN 40- 76% KOH/E(OH,; 81-100%.

Table 2. Lactonisation of Substituted Hydroxy Acids
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Entry R RATIO 132 RATIO 4:5° % YIELD

1 Me 50:50 50:50 90

2 Et 50:50 50:50 84

3 "Pr¢ 90:10 90:10 77

4 "Pr¢ 10:90 10:90 92

5 Aliyl! 50:50° 13:87 89

6 Bn' 50:50° 33:77 82
a Ratio of diastereoisomers. ® Ratio measured by IH NMR, see Table 1. € Diastercoisomers partially
ﬁﬁﬁﬁﬁﬁﬁ tad by Flach ahemmanto grnmbh shotitntad lnntanac wwara ienlatad fall~ cheamataoranhy

bcpa.lulcu Uy liadii L,lll\JllIrllUE;ldiHly p nulhuLuLcu ratiiinegy woi istiaicl lUll\}WlllE LilUITalUEapily.

® Diastereoisomeric ratio measured at the hydroxy ester stage.

Unfortunately, it was not possible to assign the stereochemistry of the diastereoisomeric hydroxy acids 13,
or their precursor hydroxy esters. Since the ratio of the o- and B-propyl substituted lactones 4 and 5 reflects the
diastereoisomeric ratio of the partially separated substituted hydroxy acids, we assume that the substituent is
configurationally stable during the lactonisation process. However, that predominantly -substituted lactones
arise from the allyl and benzyl compounds suggests that side-chain epimerisation can occur at some stage
during the hydrolysis/iactonisation process. The reasons for these differences are not currently understood.
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H
14 15 R=CH,CH=CH, 17 R=CH,CH=CH,
16 R=Bn 18 R=Bn

Reagents and conditions: i, (Boc);O, MeCN, 64%; ii, Either, LHMDS, THF, allyl iodide, -75 °C,
64% or LHMDS THF benzyl bromide -75 °C, 55%; iii, NaOH, MecOH; HCl, 53% 15, 58% 16; iv,

Evétandinas

- thaca Find
LCXiCnaiig tnese 1inair were accacead from the

ogues were accessed from the
protected amino ester 14 by initial alkylatlon of its enolate w1th elther al]yl iodide or benzyl bromide under
standard conditions. The 1:1 diastereoisomeric mixtures were deprotected to give their respective amino acids
15 and 16 and then lactamised to afford only the 3B-alkylated lactams 17 and 18 in 62% and 65%, respectively
(Scheme 3), indicating that epimerisation also occurs during the hydrolysis/lactamisation process.9
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Several of the substituted trans-lactones were shown to be serine protease inhibitors. For example, the o-
and B-phenylthio compounds 4 and 5 (R= PhS) are potent inhibitors of chymotrypsin (ICs, 120 and 20 nM,
respectively). Furthermore, the B-allyl (R= CH,CH=CH,) and propyl (R= "Pr) lactones 5, in addition to
inhibiting chymotrypsin (IC,, 26 and 19 uM, respectively), inhibit human leucocyte elastase (IC, 7.0 and 23
M) and kinetic and mass spectrometry studies have shown that compounds of this type are time-dependent
acylating inhibitors of serine proteases ' In contrast, trans-fused lactams 17 and 18, were without signiﬁcant

nrbiurs han tactad agning galantad canitra smm~tanoac fthansalaie Tantne W) bl

CnLyluC lllhlblluly a.LLlVlly WIicit 1esica dsdlllbl ST ITCICU bCllllC PlULCdbe \llllUlIlUill, FdhlUl Ad} Wlllhll weE
believe reflects the decreased reactivity of this template.

In summary, efficient routes to trans-lactone 2, the novel frans-lactam 3 and their 3-substituted
derivatives have been developed, providing access to novel classes of serine protease inhibitors. The further
manipulation of both systems, leading to the identification of potent inhibitors of serine proteases, will be
reported in future communications.
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Tang and Mr. C. J. Mooney for enzyme inhibition studies.
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