
Tetn.ah&mVol 47,No lO/ll.p~ 1887-1894.1991 

Rmtcd m Great Bntun 

oLMo4020/?91 $3 oo+ 00 
Pergzlmon Press plc 

A CONVENIENT APPROACH TO HYDROXYETHYLENE DIPEFTIDE ISOSTERES AS 

BUILDING BLOCKS FOR ENZYME Ih’HIBlTORS 

Hans-E&art Radunz*, Volker Elermaxm +, Gunther Schneider, Augehka Rethmuller 

*E Merck, Department of Pharmaceutical Chenushy, Frankfurter Str 250, D-6100 Darmstadt 

+E Merck, Central Analytical Laboratory, Frankfurter Str 250, D-6100 Darmstadt 

(Recerved rn Getmany 17 September 1990) 

Abstract: y-Lactones 6,7,8,10 and the ester 9, precursors to the hydroxyethylene dlpephde lsostere unit, 
were synthesized stereoselecnvely m two or three steps from a-ammo-ketones m good yield Pepndes con- 
taming these lsoste.ms are potent mhlbltors of certam aspartyl protemases. Alkylation of the (3S,4.‘+substl- 
tuted y-lactone 6 afforded exclusively cls-alkylatron, with regard to C-2 and C-4 

Introduction 

In recent years there has been a growing interest m certam enzyme mhlbltors as new therapeutic agents 

One class of proteolyuc enzymes that has received pamcular attention are aspartyl protemases’ which m- 

elude the blood pressure regulatmg enzyme renm2 and the replicanon of the human mununodeficlency 

vu~ regulatmg enzyme HIV-1-protemase 3 These enzymes have, as the catalwc system, two aspartyl 

groups m the acave site and cleave the substrate4 between two Internal hydrophobic ammo acid residues 

(Le~~~-Val*~) Senes of potent synthenc peptlde mhlhtors of these aspartyl protemases have been reported 

that contam a dqepude mmuc, known as hydroxyethylene dlpepnde isosteres ‘* 

In the course of our work on mhlbltors of HIV- I-protease we discovered, besides other groups that the re- 

placement of pepnde bonds by the dlpeptlde analogues (A) (homostatme) can impart greater activity, en- 

hanced selectivity and metabolic stab&-y, m relauon to statme analogues 

Unit of (4S,SS)-S-ammo-6-alkyl-4-hydroxy-hexanolc acid Figure 1 
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Compounds in which the replacement umt has been the “naked” homostatme6 (unsubstituted at the C- 

atoms 2 and 3), mdeed showed a high metabolic stabtity, but no successful antiypertenslve or HIV-l-pro- 

tease mhlhtmg actlvq. 

It has been known that a subsntuent at C-atom 2 (e. g (2.!+1sopropyl or (25’)~benzyl) improves the blologl- 

cal activity dramatically Several syntheses of these hydroxyethylene 1sosteres have been reported,79 ** 9 

but the ma~onty exhlb1ts serious shortcommgs m stereochermcal control To date no denvatlves ~rlth a 

substment at C-3 are described 1n the hterature 

Results and Discussion 

Consldenng previous expenences of others, we iumed at the lactones 6,7, and 8 (see schemes 2 and 3) 

BesIdes this. the ad&aonal alkylaaon of 6 leads to the lactone 10 (see Scheme 4) After openmg these 

tiferent lactones by L1OH” or pnmary anunes l*, the resultmg &ammo acids can be mtroduced into 

certam inhibitors of aspartyl protelnases 

Scheme 1 

1 R =H 
2 R=CH3 

3a R=H 
b R=CH3 

-I- 

-H 

4 R=H 

5 R=CH3 

Our key intermtiates, the u-ammo ketones 1,2 can be easily prepared 1n large scale (50 - 500 g) startmg 

from ammo acids followmg the route of H Rapoport l3 

With these optically pure N-Boc-a-ammo ketones 1n hand, we began our mvestlgatlon of enollzatlon and 

alkylation con&tlons m order to control the alkyl branch stereochermstry at the new stereocentre (m case 

of 4 at C-3) Enohzanon of ketone 1 with the stencally hindered base 11th1um dusopropyl armde (LDA) 1n 

tetrahydrofuran and trapping this enolate with methyl bromoacetate resulted 1n formation of a single com- 

pound In the case of the mono methylated compound 4 the (3S,5s) hastereomer was the predommant one, 

but traces of the (3R,Ss)-configurated isomer can be seen We found that addmon of certam Lewis acids 

(ZnBr2, ClT1(O@r), and L1C104) avoided the formation of thus side product (< 4 %) This result can be 

explamed by means of a strong chelation control 1n the transmon state of the enol intermediate, and a 

“clean” backside @z-side) attack of the electrophil These observanons support our speculanon that the 

mtermtiate Z-enolate 3a appears to be the thermodynamic enolate This observation IS 1n full agreement 

with a theroretlcal paper published by K N Houk14 and an expenmental work on the synthesis of the 

cyclosponn ammo acid (2S,3R,4R,6E)-3-hydroxy-4-methyl-2-(methylarmnol-6-octeno1c acid (MeBmt) I5 
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The desrred y-lceto-ester preserved the optrcal mtegrtty at C-5 That means that the enohxanon went exclu- 

stvely into the alkyl side cham, and not m the duectron of the mtrogen atom 

Followmg the same procedure, alkylatron of the tsopropyl ketone 2 gave the dimethylated denvatrve 5 as 

colorless oily product in 64% yreld It should be mentroned that simrlar alkylatton of the correspondmg 

methyl ketone afforded only traces of the C-3-unsubstrtuted product lsc 

brtereshng are some remarkable drfferences m The NMR spectra of 4 and 5 While H, in 4 resonated at S = 

4 11 (m), and m at 8 = 7 26 (d, J = 7 3 Hz) the correspondmg signals m 5 were regtstered at 8 = 4 58 (m) 

and 8 = 6 94 (d, J = 8 82 Hz) From the drfferent couplmg constants and chermcal shifts rt can be seen that 

the torston angle between the nerghbourmg C-S-H, and NH-bonds IS rather different m both compounds 

The addrnonal methyl substrtuent at C-3 obvrously has a strong mfluence on the conformahon rn soluhon 

and therefore rt 1s expected that also the carbonyl group tn 4 IS quite hfferently or-rented compared to 

ketone S If thus is the case, the followmg reduchon of 4 and 5 should lead to &ffemnt stereoselechvihes 

Complehon of the syntheses of 3-alkyl-4-hydmxy-5-amtno acids from the ammo ketones reqmres a stereo- 

selecttve reduchon of the keto group In our fit attempt we reduced the dmethylated keto ester 5 N order 

to get mformatron about the stereoselechvlty of d&rent reduchon condrhons and the stereochemtcal 

assrgnment of the resultmg lactones (see Scheme 2) 

2 Scheme 

Vanous reducmg agents (NaBH4, LtBH,, LtAl(OR),, Selecmde etc ) and machon condrhons, mcludmg 

mrcrobtologtcal reductrons were trted In order to achieve a StereOSeleChve reducaon of the carbonyl group, 

but N every case we isolated a mrxture of the drastereomenc lactones 7 and 8 in a ratro of about 1 1 

However, both lactones can easily be separated by column chromatography on srhca gel and were recry- 

stallized from R-hexane The drastereomenc punty of these compounds was secured by NMR 

measurements m DMSOde and proved to be higher than 96 % de The stereochemtstry of the newly gene- 

rated stereo centm at C-4 was determmed by means of eluctdaaon of the couphng constants of H, and 

Hb l9 In the case of 7 we found a constant of I, = 9 7 Hz whrch means that the resulhng hydroxy group 1s 

antt-configurated to the a-ammo group The tsomenc lactone 8 shows a couphng constant of J,, = 5 4 Hz 

accordmg to a syn order of the hydroxy- and to the ammo group 



1890 
H -E RADUNZ et al 

In contrast to ketctester 5 the reduchon of the mono methyl ketone 4 with LB& m 2-pmpanol supplied 

lactone 6 and the rmg opened Gammeester 9 m a ratio of 15 (see Scheme 3). The spectral data confum 

the stereochemtstry (6 IR 1779,1713,1680 cm-‘, ‘H-NMR. J+ = 9 8 Hz, J,,& = 5 0 Hz. 9 IR 3424, 

1746 . 1685cm-’ . ‘H-NMR J . Gb=-=Hz, Jt.,c = 2 1 Hz) Although 9 has the undesired relative stereo- 

chermstry, the fmdmg that this compound 1s the maJor product 1s m full accordance with part~ular items 

of the literature 15*16 

3 Scheme 

4 
mH4 

6 

CoZCH3 

In the last step, we mvesngated the alkylatlon of the bamon of 6, generated with 2 eqmv of llthlum hexa- 

methykhnlazlde l7 (see Scheme 4) Best results were achieved with benzyl bronude which, upon reaction 

with the &anion resulted m a 24% yield of the CIS lactone 10 (CIS regardmg C-2 and C-4) The relative 

configuranon of 10 was fiiy established by the coupling constants of I& (Jc,d = 5 6 Hz, see experunental 

section) Only traces of a side product, presumably the trans-isomer, could be detected and no amount of 

balkylated matenal was formed The hrgh cls-stereoselectmty of our 3-methyl lactone 6 m contrast to the 

unsubstltuted lactones IS explamed by a transmon state of 6 m which the front-side (re-side) of the ketone 

enolate IS shielded by the methyl group, so that only backside (sr-side) attack of the alkylanon reagent 

occurs This hypothesis IS supported by the observanon that an alkylanon of the dlmethylated lactones 7 

and 8 IS not possible 

4 Scheme 

6 
a) LIHMDS 

) 

b) C6H$H2Br 

10 

Synthesis of pepudes contammg the hydroxyethylene lsosteres derived from lactones 6,7,8,10 and their 

hologlcal acavity will be reported elsewhere 
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‘H-NMR spectta were obtamed by using a Bruker AC 200. Bruker WM 250. and Bruker AM 500 spectro- 

meter \Nlth TMS as mtemal standard IR spectra were obtamed unng a Pe-rkm Elmer 397, Bxuker IFS 48, 

Bruker IFS 66, Bruker IFS 88 spectrometer UV spectra were obtamed using UV/VIS spectrophotometers 

Lambda 5 and Lambda 2 Optical rotahons were obtamed with Perkm-Elmer 241 polanmeter 

The melting points are uncorrected and were obtamed m open caplllanes on a Mettler FP 61 meltmg point 

apparatus 

Solvents and reagents were commencally avrulable and used after &shllation All retions were per- 

formed under hehum atmosphere Solvents were removed by means of a rotary evaporator 

Chromatography was performed using 0 063 - 0 002 mm dica gel (E Merck, Si60) Analytical thin-layer 

chromatography was performed on Si60, F254 silica gel plates using phosphomolytic acid for vlsuahza- 

non 

HPLC was performed using RP18 IXhrosorb 250-4 5 km (E Merck), detecaon - 215 nm, and flow rate 

1 ml/mm 

I4S)-4-tert-Butoxvcarbonvlamino-S~vclohexvluen~n-3-one (1) and (4SW-tert-butoxvcarbonyl- 

amino-2-methyl-S-cyclohexylwnran-3-one (2) Followmg the procedure of Wemert18 and Rapoport13 

N-Boc-cyclohexyl-alanyl-N-methyl-N-methoxy-anude was treated with the correspondmg Gngnard com- 

pound The desired ammo ketones were punfied by chromatography and subsequent crystalhzauon from 

n-hexane 

1 Yield 66 8, mp 71 7’C, [a]:’ = +34 3” (c = 0 45, CHCl& IR(KBr) 3326,2920,1725.1694,1680, 

1533,1367,1314,1168 cm-‘, ‘H-NMR (DMSO-d& 6 = 0 91 (3 H, t, J = 7 2 Hz, CH3), 137 (9 H, s, tBu), 

2 46 (2 H, m, JZZ = -18 0 Hz, J2’, CH3 = 7 0 Hz, JZCH3 = 7 0 Hz, CH$, 3 96 (1 H. m, JHas = 5 7 Hz, JH,,5.= 

97Hz,JHllNH= 7 9 Hz, H,), 7 15 (1 H, d, J = 7 9 Hz, NH) Anal Calcd for C,&IZsN03 (283 4) C, 67 81, 

H, 10 31, N, 4.94,0,16 94 Found C, 68 90, H, 10 32, N, 5 20,0,16 50 

2 Yield 53 %, mp 126 2’C!, [alo 2o = + 44 5’ (c = 10, CHCl,) IR(KBr)* 3323,2921,1715,1678, 

1536 cm-‘, ‘H-NMR(CDC!l,) 6 = 1 11(6 H, d, CH3), 146 (9 H, s, tBu), 2 80 (1 H, m, CH), 4 52 (1 H, m, 

H,), 5 03 (1 H, d, J = 8 4 Hz, NHH, anal calcd for C17H31NQ (297 4) C, 68 65, H, 10 51, N, 4 71,0, 

16 14, found C, 68 1, H, 10 40, N, 4 80,0,16 3 

~SS)-5-tert-Butoxvcarbonqlamino-6-cyclohexyl-3,3-dimethyl-4-oxohexano~c acid methvlester (5) To 

a soluuon of 90 mm01 LDA m THF at -7O’C was added dropwlse a solution of 8 9 g (30 mmol) 2 m 

200 ml abs THF The nuxture was allowed to sm at this temp for 2 h Then, a solution of 8 3 ml 

(90 mmol) freshly &stilled methyl bromoacetate m 20 ml abs THF was added dropmse over a 30 mm pe- 

nod When the ad&non was complete, the mixture was allowed to warm up to 0°C The reaction was 

quenched by the ad&non of 2 N HCI (- pH 5) and extracted wth dlchloromethane The organic phase was 

separated, washed with brme, dned over anhydrous Na.$O,, and evaporated to give 18 g of a colorless 011 

Pm-&anon of the crude product on silica gel with petroleumether-methyl tert butyl ether = 4 1 afforded 
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9 5 g 5 as an 011 HPLC-puny 96 6 % (eluent acetomtnle HZ0 = 7 3, detection at 200 nm) [a]: = 

-10 9’ (c = 0 94, CHCl,), IR(Kap ) 3360,2925,1741,1704,1502 cm-l, ‘H-NMR@MSO&) S = 1 14 (3 

H, s, CH$, 127 (3 H, s, CH3), 1 37 (9 H, s, tBu), 2 85 (2 I-I, dd, CI-Q, 3 53 (3 H, s, OCH& 4 58 (1 H, m, 

Ha), 6 94 (1 H, d, J = 8 82 Hz, NH), anal calcd for C&&NO, (369 5) C, 65 01; H, 9 55; N, 3.79,0, 

2165, found. C, 64 60, H, 9 48, N, 4 10, 0,22 8 % 

J3S,SS)-5-tert-Butoxycarbonvlamino-6-cy~oh~yl-3-methyl-4-~ohe~no ic acid methylester (4) 

Startmg from 1 the procedure for preparation of 4 corresponds to the synthesis of 5, except before treatmg 

the enolate of the c+ammo ketone with methyl bromoacetate, the &aon 1 mol eqmv of chlorotnlsoprop- 

oxfltanmm 1s necessary to obtam a high yield of desved ody y-keto-ester 4 Yield 39 %, [a]: = -34 3’ 

(c =0 95, CHCl$, IR(Kap ) 2925,1749,1712,1510 cm- l, ‘H-NMR@MSO-&) 6 = 1.0 (3 H, s, C!H$, 137 

(9H, s, &I), 2.27 (1 H, J2,2’= -164Hz, J2,3 = 6 8 Hz,H$, 2 58 (1 H, J2.3 =7 2Hz, H2’), 3 21 (1 H, mH3), 

3 56 (3 H, s, OCH& 4 11 (1 H, m, Hk), 7 26 (1 H, d. J = 7.3 Hz, NH), anal calcd for Cl$-Ij3N05 (355 5) 

C, 64,18, H, 9 37; N, 3 94,0,22 50; found C, 63 5, H, 9.04, N, 4 00, 0,23 50 96 

~5S)-5-~~1S)-l-tert-Butoxy~rbonvlamino-2_cuclohexylethyl~-4,4-~methyltet~hvd~furan-2-one (7) 

@ /5R)-5-[(~-1-tert-butoxy~rbonvlamino-2_cuclohexylethyll-4,4-dimethvl-t~~hvdrofu~n-2- 

one (8) To a stmmg soluaon of 7.1 g (19 mmol) 5 m 150 ml 2-pmpanol at -2OOC 3 5 g hthmm borohy- 

dnde was added m potions After stmmg an titional30 mm permd at O’C, the reacaon was quenched 

by the tiaon of 2 N HCl, and extracted ~th &chloromethane The combmed organic layers were 

washed with brme, dned over Na2S04 and evaporated to gwe 7 4 g of an 011 Srhca gel punficatlon of the 

crude rmxture. with a hexane-methyl-tert butyl ether (2 1) eluant gave 2 8 startmg matenal, 1 3 g (20 %) 7 

and137g(21%)8 

7 mp 149 l°C (from g-hexane), [a]: = - 69 2’ (c = 0 45, CHCl,), IR(KBr) 3340,2929,1788,1681, 

1528 cm-‘, ‘H-NMR@MSO-d& 6 = 0 99 (3 H, s, CI-Q, 1 12 (3 H, s, CH$, 1.39 (9 H, s, tBu), 2 4 (2 H, 

dd, CHi), 3 67 (1 H, m, H3,3 93 (1 H, d, JHb+ Ha = 9 7 Hz, Hb), 6 82 (1 H, d, J = 9.55 Hz, NH), anal calcd 

for C19H33N0, (399 5) C, 67 22, H, 9 80, N, 4 13,0, 18 85, found C, 67 6, H, 9 49, N, 4 5,0,19 3 % 

8 mp 113 6’C (from c-hexane), [LX]? = -7 10’ (c, 0 36, CHCl,), IR(KBr) 3425,2922, 1775, 1713, 

1498 cm-l, ‘H-NMR(DMSO-d& 6 = 103 (3 H, s, CH3), 1 11(3 H, s, CH$, 138 (9 H, s, tBu), 2 34 (2 H, 

dd, CHi), 3 80 (1 H, m, H,), 3 95 (1 H, d, JHb,Ha = 54Hz,Hb),663(1H,d,J=95Hz,NH),anal calcd 

for Cl$I~3N0, (339 5) C, 67 22, H, 9 80, N, 4 13,0,18 85, found C, 66 6, H, 9 49, N, 4 00, 0, 18 6 % 

(4S5S)-5-[(1S)-1-te~-~utoxv~r~nylamino-2-~y~lohexvlethvll-4-methyltetrahydrofuran-2-one @ 

and ~3S,4R5S)-5-tert-butoxycarbonvlamino-6-cyclohexyl-4-hydroxy-3-methylhexanoic acid methyl 

To a solution of 1 g (2 8 mmol) of 4 m 25 ml abs 2-propano10.2 g l&mm borohydnde was ester (9) 

added pomon\Nlse at -5O’C After being stmed for 30 mm, the rmxture was poured onto Ice cold 

2 N HCl and extracted several tunes unth &ethyl ether The organic layer was separated, dned over 

Na$O,, and evaporated to an od Punficaaon of the crude 011 by sthca gel chromatography with a dl- 

chloromethane/tert-butylmethyl ether (95 5) eluant afforded 16 8 % 6 and 69 9 % 9 



1893 

6. mp 166 2’C (from E-pentane). [aIF = -75 8’ (c = 0 99, C!I-IC!l& IR(KBr) 3360,2927,1779,1713, 

1680,1528 cm-l, ‘H-NMR@MSO-d&) 8 = 0 91 (3 H, s, CH& 1.36 (9 H, s, tBu), 2 09 (1 H, dd, CIi2), 2 83 

(1H,dd,~~),3.68(1H,m,JHb~I=9.6Hz,JH4NH=99HZ,H~,421(1H,dd,JH~Hb=98HZ,JHb,Hc= 

5 0 Hz, Hd, 6 81 (1 H, d, NH), anal calcd for CtsH3tN0, (325 4) C, 66 41, H, 9.62, N. 4.30,0,19 66, 

found C, 66 70, H, 9.41; N, 4 30,0,20 20 % 

9 mp 111 I’C (from n-pentane). [a]: = -4 5’ (c = 0.94, CHCl$, IR(KBr)* 3424,2925, 1746,1685, 

1520 cm-l, ‘H-NMR@MSO-d& 6 = 0 77 (3 H. d, J = 7 0 Hz, C!H$, 136 (9 H, s, tBu). 3 06 (1 H, m, 

JmH, = 9 0 Hz, JHzHb = 2 1 Hz, Jt.,,,-,,., = 6 7 Hz, Hb), 3 39 (1 H, m, HB), 3 56 (3 H, s, 0CH3), 4 54 (1 H, d, 

OH), 6 40 (1 H, d, J = 10 1 Hz, NHH, anal calcd for C1,$-Q5N05 (357.5) C, 63 82, H, 9 89, N, 3 92,0, 

22 37, found C, 64 10, H, 9 66, N, 4 00, 0,219O % 

~3S,4S5S~-3-Benzrl-5-I(1S~-tert-butoxvcarbonvlamin~2-cvclohexvlethvll-tetrahydrofuran-2-one 

(10) To a suspension of lithium hexamethyl&sllaztde, prepared at 0°C by the dmpwlse addmon of 4 1 

mmol of a 16 M solunon of n-butyllithmm in hexane, to 0 87 ml (4 2 mmol) of hexamethyl&sdazane III 2 

ml of abs THF was added dropmse a solution of 0 58 g (1 8 mmol) of 6 m 1 5 ml of abs THF at -78’C 

After 15 mm a solunon of 0 24 ml (2 03 mmol) freshly dlstllled benzyl bronnde m 1 ml abs THF was 

added, and the nuxture was allowed to warm up to -40°C Hrlthm 2h After quenching with 2 N HCI the 

rmxture was poured onto ice water, and extracted several tunes with tert butylmethyl ether The organic 

layer was separated and washed with brme, dned over Na2S04 and evaporated to an 011 which was puntied 

on slhca gel with an n-hexane/methyl tert butyl ether (2 1) eluant 

9 Yield 24 1% The chenucal punty was detenmned by HPLC (Eluant acetomtnle/H,O = 70 30) and 

was 98 8 %, mp 169 2’C (from n-pentane), [a]2d) = -5 lo (c = 0 99, CI-Q), IR(KBr) 3360,2922,1773, 

1680,153O cm-’ ‘H-NMR(DMSO-d,) 6 = 0 83 (3 H, d, CH$, 1 36 (9 H, s, tBu), 2 26 (1 H, m, JHkHc = 

5 6 Hz, JHc,Hb = 6 8 Hz, I&), 2 65 (1 H, m, I-I.& 2 81(1 H, dd, CH2), 2 95 (1 H, dd), 3 66 (1 H, m, H& 4 27 

(1 H, dd, JH~,H,, = 8 6 Hz, Hb), 6 79 (1 H, d, J = 9 4 Hz, NHI. 7 27 (5 H, m, arom H), anal calcd for 

CzH,,NO, (415 6) C, 72 24, H, 8 99, N, 3 37,0,15 40, found C, 72 00, H, 8 92, N, 3 60,0,15 40 % 
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