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Abstmct- lks rqort dewrtbes the synthesu of cis S-(~.3-dr~2~2H~~l-l-yl)-2~~~l-l- 
methylptpditne (la) and the adagow cia and tmns I-bctuylptpertd~ zO,b Ksy steps in the synthd wwv the 
a-chlorinatton of the lactamr s and 6 (l-muhyl-and 1-~~1~~~~~~1-2-pi~~~), and nucleophtltc 
substatutton of the nSukrn8 cts and ttwns 3-&n-o la&tns &t,b and %,b ‘Ii NMR anaiyaia fm the #tndc 3.6 
substmtted Ianam compounds rewakd a pnfrred axral orwttation for the 3-ddoro substituent and an equatorial 
ortentatton for the 3-(oxobenztmtdazol$) group For the dud compound, as N-m&l pip&dine la, a 
confonnattonal equtlibrium was obserwd lhts was shiped to the [2ar,Sqj fonn for the cis N-bet@ analogue 2a 

INTRODUCTION 

The 2,5-subsututed prpendmes can combme chtral properttes of the ngtd polycychc alkaloids such as 

reserpme, LSD, morphme and the flexibility of the 1,Csubshtuted monocyclic ptpendine drugs These 

combined propertres could result m a more selectrve mteractton wrtb the complementary receptor sue and, 

hence, a better pharmacologrcal actrvrty In our prevrous work relatmg to the synthests of 2,5-subshtuted 

prpendmes, l4 mamly two routes were followed. Regtoselecttve oxulatron of 3-subshtuted piper&es gave 

the correspondmg 6-tmunum ions which were trapped with cyanide ra In the lactam approach,J4 the enolate 

amens were generated wtth LDA, and made to react wrth carbonyl electrophtles 

A useful extenston of the lactam strategy (Scheme 1) involves mtroducuon of the pharmatqhonc 

group as a nucleophlhc enhty through mlhal halogenation of the lactam amons; the sequence IS concluded 

by reduchon of the lactam carbonyl group In thts context, the CIS and rruns 2,5-substttuted prpendmes 

la,b and 2a,b were chosen as target molecules. Their structures are daved from that of the analgesic drug 

compound 3 by transposition of the l- and 4-subshtuents. The analgesic and narcohc potency of 3 exceeds 

that of the well-known meplndme with a factor of cu. 2,000.’ For recogmtton of the receptor sate, the 

onentatton of the mod&d 2- and 5-subshtuents and tlte conformational mobrltty of the pqeridme rmg are 

of crucml importance Therefore, parhcular attenhon IS patd m thrs work to the asstgnment of configura- 

hons and preferred conformahons for the pqendme compounds. 
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Cl 

la,b R’ = H 3 (R6582) 
2a,b R’ = CJIJ [64440-26021 

Scheme I 

RESUL’IS AND DISCUSSION 

The 6-a@ substttuted lactams 5 and 6 were prepared from the Meto ester 4 vru the teductrve 

ammahonq&rahon route deprcted in Scheme 2. The Meto acid pmcursor of 4 was obtamed by Prledel- 

crafts acylation of fluoM&nxene and glutanc anhydnde.* The estenficatum to methyl ester 4 and the 

further conversion to lactams 5 and 6 were accomplished m excellent yield. 

C P- p-FC8HH* o 
C02M* o SR=H 

4 CH2R 
6 R=C& 

a) C&P (12 eq). AICl,, C&I+&. 0°C. 785%. b) MeOH, C&Me. E&SO,, n?flux, 91% c) MeNH, HCI or 
C!fi,CH#RI~. NaCNRH,, MeOH, pH=6. reflux. 92 ~4 98% 

Scheme 2 

For a-chlormation of 5 and 6 (Scheme 3), the lactam anions 7 were generated wtth IDA m THF at 

-15°C. The solutions then were cooled to -100°C (for 5) and -78°C (for 6) and treated with benznesulfo- 

nyl chlonde as the chlormatmg agent.’ These procedures ytelded 1:l and 1:4 CIS, fruns nnxtures &,b 

(93%) and 9a,b (96%). The isomers 8a and 8b were separated by column chromatography When 

chlormation of the N-methyl lactam 5 was camed out at -78”C, a mixture of 5, 8a,b and dechlorinated 

product was obtamed (see below) In the ‘H NMR spectra of 8a, 8b, and 9a,b (Table l), the axml 

onentation of the achloro subsutuent is apparent from the I?J values for H-3 Due to repulsion of the 

C=O and C-Cl dqoles, the orthogonal dlsposltton 1s preferred to the parallel hmng. This effect results m 

favoured conformahons A for the czs compounds and B for the tran.s compounds (Fig 1) characterized,, 

respechvely, by )?J values 13 5 Hz for H&x and 9 Hz for H&q (Table 1) The relative assignment of 

protons H-3 and H-6 was based on the large value measured for ‘J- (155 Hz) compared to ‘J, (143 

Hz), in accordance with the reported mcremental values. lo Further support for this assignment came from 
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the ASIS (aromat~ solvent mdwed shift)” measurements shown m Table 1, wch reveal values A8 0.4-0.7 

for H-6 and the expected low values A6 0.1-0.3 for the a-proton H-3. 

Ar a & R=H(c@ 
Sor6 O_ bore 

“2&e - 
fl 8b R=HW& 

p-Fe@, N o !Ja R= G&(4 

7 L2R 
9b R = C,H, @ad 

a) LDA, THF, -WC, b) -lOOT, C&l,SOzCl (5 -s 8,93%), c) -78X C&K&Cl (6 + 9. %%) 

Scheme 3 

B Sb, 9b (rruns) 

c loa, lla, us. UP D lib, 13b 

m.1 Preferted conformahoos for epnenc 3,6-~bst1h1ted la&m compounds 

Table Charactenstrc 6 and C3J values for protons H-3 and H-6 (or H-5 and H-2) in the ‘H NMR spectra 
of lactams b13 and pqendmes la and 2a,b 

WA) CDCI, 
CA 

WI 

WA) 

9b(B) 

WC) 
lla(C) 

lib@) 
12a(C) 
WC) 
13W) 

CDCI, 

CA 
CDCI, 

CA 
CDCI, 

w, 
DMSW 
CDCI, 
CDCI, 
DMSO-d, 
CDCI, 
CDCI, 

H-3 
6 E’J(Hz) 

4 55. 9 5(0 
4 35D 9 5(0 

4 53 80) 
4 40” 8(t) 
4 61 

4 32 1W) 
4 65 7 50) 
4 37 7 50) 
505 lS(dd.12.6) 
4 83 lE(dd.12.6) 
5 23 
4 95 lE(dd. 12.6) 
5 I7 I E(dd, 12.6) 
5 33 lE(dd,12,6) 

H-5 

la@uxt)~ CDCI,-CD,OD 4 75’ 20(m) 

ww5esl DMS0-d‘ 4 58 28(m) 
2bLW.5eql DMSW 440 32(m) 

H-6 
6 E’J(Hz) 

448f 135(dd) 
3 ED 13 S(dcl.8,5 5) 

461 9(dd) 
3 93D 9(&l.6.3) 

440 13.Ydd) 
392 13.5(dd.8.5 5) 
455 9(dd) 
4 12 9(dd.6,3) 
480 6(&5.1) 
4 65 6(dd,5.1) 
4 55 15(dd.10.5) 
48 6w5.1) 
4 78 7W.5.1) 
4 69 16w.ll.5) 

H-2 

330 browI 
3 78 9(t.4 5) 
340 13 S(dd,11,2 5) 

A) see FIN I for preferred coofommtron. B) ‘I,= 155 Hz. C) ‘J,= l~&,D)theCO~c~WM 
rss~gned by selectwe ‘H-‘)C decouplmg, E) confonnahonal rmxhwe. F) rpslgncd by decouplmg from the Hd protm 
at 6 3 45 (dd,zJ=13Hz.3,,=3 5 Hz) 
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SubsUtutnm of the a-chloro lactams 8 and 9 (Scheme 4) was performed under phase transfer 

conditions with the amon denved from the N-protected reagent 1,3~hydro-l-isoproptnyl-2H-barumlda- 

ml-2-one I* However, prolonged reaction times were needed for complete reachon (6-7 days at 9O’C) 

From the reaction of ather pure CIS or tram N-methyl lactam 8a or 8b (or the mixture 8a,b), the same CJS 

substituted product 1Oa was obtamed. This result was clan&xi when the eplmensed reagent 8b was 

detected by t l.c. as an mtermedmte m the COnveraon of CIS compound 8a to 1Oa. In contrast, reachon of 

the N-benzyl compounds occurred urlthout apparent eplmensatlon From the 1.4 CIS, trms mixture 9a,b the 

trolls and CIS products llb and 1111 were formed m a 3 7 ra~o (60% yield) ms ratio roughly conesponds 

to that expected for an S,2 mverslon. 

Roth the eplmensahon 8a --, 8b, and the dlchlonnatton of 5 mentioned before, reflects the lugher 

acldlty of the N-methyl lactams 8a,b compared to 9a,b For the N-benzyl compounds, apparently anlon 

formation is Impeded by the Increased stenc mtemcbons of the N-subshtuent m gong from a planar amide 

to an sp3 N-atom (see structure of the analogous amon 7) 

p-FC6H, 

1Oa R’ = H, R’ = -CMe=CH, (cu) 
118 R’ = C&. R’ = CMe=CH, (CIJ) 
lib R’ = CJ&, R* = -CMe=CH2 @MM) 
12aR’=Rz=H(ccs) 
13a R’ = C!&, R* = H (m) 
l3b R’ = C& R2 = I-I (WUAV) 

a b C 

8a or 8b or 8a.b * 1Oa (36%) + l2a (80%) + la (31%) 

r,d b 
9a.b - 11s (58%) -9 l3a (78%) t 2a (57%) 

a,d b 
-+ llb (26%) -. Lib (75%) : 2b (52%) 

a) 1,3~y~l-~~y~-2H-~~~l-2, KOt-Bu, Bu,NHSO,, C&Me, WC, b) 4M H$O, III H@ 
EtOH, rcflux, c) BH, THF. THF, 5S-6S°C, d) chromatogmphc sep==tlon 

Scheme 4 

To remove the ~propenyl protectmg group, the punfied compounds lOa, lla and llb were 

subJected to acid hydrolyns Thus afforded the correspondmg benumtdazolone products 12a, 13a and 13b 

(Scheme 4) In the ‘H NMR spectra of compounds 10-13 (Table 1). the preferred equatonal onentahon of 

the benzimxiazolone group 1s shown by the large C’J values for H3ax Consequently, the cu compounds 

lOa, lla, 12a and 13a are characterized by small E3J values for H-w, correspondrng to the preferred 

[3eq,6ax] conformation C. For the tram compounds lib and 13b, the [3eq,6e4 form D IS apparent from 

the large C3J values for both H3ax and H&x 

The final step in the synthesis of target compounds la, 2a and 2b requred reduchon of the lactam 

carbonyl group This was accomplished by treatment of 12a, 13a and 13b with BH, THF at 5565°C 

(Scheme 4). In the ‘H NMR spectrum (Table 1) of la, a conformauonal qulhbnum was mdlcated by the 

low value (20 Hz) observed for CcJJ,,, + ‘Jr,3 Smce proton H-5 is coupled to four vicinal protons, this 

value IS cxmslstent ~th a pamal H-5eq onentahon By contrast, the preferred onentahons [2ax,5eql and 

[2eq,5eqj were estabhshed for the 2- and 5-subshtuents of the N-benzyl compounds 2a and 2b This 

assignment was based on the high I?J values found for the axA protons H-5 (28 and 32 Hz) and the 

charactensttc couplmg patterns observed for H-2eq (t, 4 5 Hz) and H-2ax (dd, 11 and 2 5 Hz) The 
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conformatmnal differences between the CIS compounds la and 2a can be attnbuted to stezic interai&n of 

the N-benzyl and 2-pry1 groups. 

In an extended set of nzcptor bmding assays, mcludmg the target cqu&te and kapla reqtors, no 

apprecdle bmding affinity was observed for the pqendme compounds la, 2a and 2b. 

CONCLUSION 

The synthesis of the target compounds la and 2a,b exemplifies a new approach to 2,5-subshtuted 

pqeridme~ The 2-subshtuent can be vaned by usmg other 5-keto acids as pm for the dsubstituted 

lactams. Subsequent u-chlonnahon of these lactams then allows for introduction of the 5-substituent as a 

nucleoph& entity. 

The conformational mobility of the tnsubstituted pqendme nng systems depends on various &%ors. 

For the 3,6-substituted lactams, the conformational preference is governed by the dtpolar or steric 

mteractmn of the a-substttuent. For the tram 2,5-substituted pqendme 2b, the favourable Peq,5e@ form 

prewls. The umformaaonal eqmhbrium observed for CIS N-methyl pperidme la IS slufted to tbe 

Qax,Seql form for the analogous N-benzyl compound 

EXPERIMENTAL SECTION 

IR spectra were recorded as thm films between NaCl plates or as sohds m KBr pellets on a perkin-Elmer 

297 gratmg IR spectrofotometer. ‘H NMR spectra were recorded on a Vanan EM-3940 90 MHz 

instrument, and ‘H and ‘“C NMR spectra on a Bruker WM 250 mstrument operatmg at 250 MHz for ‘H 

and 62.9 MHz for 13C measurements The ‘H and “C chemical sh&s are reported m ppm relative to TMS 

as an internal standard. Mass spectra were run on a Kratos MS50 instrument and DS90 data system; the 

1011 source temperature was 150-250°C as requred. Hxact mass measuranents were @armed at a 

resoluhon of 10,000. Analyhcal and preparahve thin layer chromatography was performed usmg Merck 

sihca gel 60 PF-224 Column chromatography was camed out using 70-230 mesh s&a gel 60 (E. M. 

Merck). 

p-Fluorophenyl-5-oxopentanoic acid 

To a shrted and cuoled (OOC) mixture of AlCI, (39.3g, 0.30 mol) in 60 ml Of anhydrous C&Q was added 

dropwrse a soluhon of glutanc anhydnde (15g, 0 13 mol) and fluorobenzene (14.9 ml, 0.16 mol) m 30 ml 

of anhydrous CH,Cl, (lU2 atmoshere). After 5 h at O”C, the reachon was worked up by addihon of 100 ml 

of water and 20 ml of 35M HCl. The organic phase was separated and the aq. phase was extracted further 

~th CH,Cl,. The organic phase was washed successively with cold 1OM HCl (40 ml) and water (40 ml), 

then it was extracted v&h cold aq. NqCOs The aq phase was collected, aclchfied and extracted vvlth 

CH,Cl,. The organic phase was dned (MgSO,) and evaporated to afford the crude a& (21.3g, 78%) as 

white crystals m p. (EtOAc-hexane) 142°C; v, (XBr)/cm” 1705 (COOH), 1675 (CO), 1600, 1510, 840 

(A@; m/z 210 (M)+, 192 (M -H,O)+, 164 (M -&O -CO)+, 138 (FC&,C(OH)=CHJ+, 123 (PC!& 

CO)+, 95 (FC&)+. S, (90 MHz, DMSO-dJ 1.9 (2H, m, C&C!H@OH), 2.3 (2H, t, ‘J 7.5 Hz, 

C&COOI-I), 3 1 (2H, t, ‘J 7 5 Hz, COCHJ, 7 3 (2H, t, ‘.J 9 Hz, H-3’, H-S’ C&F), 8.1 (2H, dd, ‘J 9,6 

Hz, H-2’, H-6’ C&F), 12 (lH, s, OH) 
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M~yl-~~fluorophenyl-5-oxopentanoate (4) 

A mixture of pfluorophenyl-5-oxopentanolc acid (1 OOg, 4 8 mmol), 12 ml of MeOH and a catalec 

amound of sulfwrc acid m 20 ml of toluene was refluxed for 90 mm. The solvent was evaporated, the 

residue was made alkalme ~th aq. Na$Os and the nuxture extracted with CH,Cl,. The orgamc phase was 

dned (MgSO,) and evaporated. The residue was punfied by column chromatography (s&a 3:97 EtOAc- 

CHCl,) to @ve 4 as White crystals (1 OOg, 93%) m.p (pentane) 44 5”C, vHu (KBr)/cm-’ 1740 (COOCH& 

1685 (CO), 1600, 1510, 830 (ArH), m/z 225 (h4)+, 193 (M -MeOH)+, 165 (M -MeOH -CO)+, 138 

(FCJ&C(OH)=CH&+, 123 (FCJ&CO)+, 95 (FC&IJ+ b (90 MHz,CDCl& 2.1 (2H, m, C&CH&O- 

OCH,), 2 4 (2H, t, ‘J 7.5 Hz, C&COOCH,), 3.1 (2H, t, ‘J 7 5 Hz, COCH& 3.7 (3H, s, CH,), 7 2 (2H, 

t, ‘J 9 Hz, H-3’, H-5’, C&F), 8.1 (2H, dd, ‘J 9,6 Hz, H-2’, H-6’ C&F) 

a~~oropheny~l-myl-~piperidinone (5) 

To a sttrred solution of methylamme hydrochlonde (3 Sg, 52 mmol) m 70 ml of methanol (I$ atmosphere) 

was added compound 4 (3.OOg, 13 mmol) and NaCNBH, (2 Og, 31 mmol) The mature was brought to pH 

6 with HOAc, then it was refluxed for 6 h After evaporauon, the residue was dlstnbuted behveen aq 

K&OS and CH,Q. The orgamc phase was dned (MgSO,) and evapomted. The residue was punfied by 

column chromatography on slhca (gradient eluhon CHCl, + 3 7 EtOAc-CHClJ affording 5 as a yellow 011 

(2.47g, 92%) v- (NaCl)/cm-’ 3450 (amine), 1640 (CO), 1610, 1510, 830 (ArH), m/z 207 (M)+, 192 (M 

-CH,)+, 178 (M -NCH,)+, 150 (M -CHINCO)+, 138 (M -CH,=CHCH,CO)+, 136 (M -CH,CH,CH,CO)+, 

122 (FC,&CH=CHd+, 112 (M -FC!,H.J+ [Found M+ , 207 1049 C,,H,,FNO reqnres M, 207 10591 

S, (90 MHz;CDClJ 1.8-2.3 (4H, m, H-4, H-5), 2 5 (2H, t, -‘J 6 Hz, H-3), 2 8 (3H, s, CH& 4 6 (lH, t, 

‘5 6 Hz, H-6), 7 1 (4H, s, ArH) 

1-krzyl-6-p-fluorophenyl&piperitlmone (6) 

In a procedure sun&r to that described for 5, a solution prepared from benzylamme (5.6 ml, 52 mmol), 70 

ml of methanol, 4 (3 OOg, 13 mmol) and NaCNBH, (3.630, 32 mmol) was adjusted to pH 6 with HOAc 

Atkr reflux for 6 h, workup as described for 5 and chromatography over s~llca gel (gtient eluhon CHCI, 

+ 3 7 EtOAc-CHCl,) afforded 6 as a yellow 011 (3 62g, 98%). v, (NaCl)/cm-’ 3380 (amine), 1640 (CO), 

1605, 1585, 1510, 830, 750, 700 (ArH), m/z 283 (M)+, 214 (M -CH,=CHCH,CO)+, 192 (M -Bn)‘, 178 

(M -NBn)+, 91 (Bn)+ [Found M+, 283 1367 C,,H,,FNO requrres M, 283 13721 S, (250 MHz,CDClJ 

1 6-2 3 (2H, m, H-4, H-5), 2 6 (2H, t, ‘J 6 Hz, H-3), 3 3 (lH, d, ‘5 15 Hz, C&C&), 4 5 (lH, t, ‘5 4 5 

Hz, H-6), 5 6 (lH, d, *J 15 Hz, W&H,), 7 2 (9H, m, ArH) 

cis and tmns &hloro-6-p-fluorophenyl-1-methyl-2-piperidinone (8a and 8b) 

To a s&red and cooled (OOC) solution of dusopropylamme (0 73 ml, 5 2 mmol) m dry THF (15 ml) was 

added n-BuLl (1 6 M m hexane, 3.26 ml, 5 2 mmol) After 20 mm the solution was cooled to -15”C, 

followed by dropwise addition of 5 (0 72g, 3 5 mmol) dissolved m dry THF (15 ml) The solution was 

stn-red at -15°C for 30 mm, cooled to -lOO”C, and treated dropwlse with benzenesulfonyl chlonde (1.1 ml, 

8 7 mmol) After reachon at -100°C for 45 mm, the mixture was allowed to come to room temp. The 

precipitate was filtered off and the mixture was dlstnbuted between water and CH,Cl,. The orgamc phase 

was dned (MgSO,) and evaporated The residue was punfied on sk.~ gel (gradlent eluuon CHCI, + 1.4 

EtOAc-CHCl,) to give the less polar mm isomer 8b (0 37g, 46%) and the more polar CIS Isomer 8a 
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(M -R@H)+, 176 @I -R@H -Bn)+ 160 (R(‘)CH=CHa+ 109 (FC&.,CH#, 91 (Bn)+ [Found: M+, 

401 1901 C,&FNsO reqmres M, &I 19031 b,, (250 MHL;DMSO-d3 1.7-2 4 (4H, m, H-3, H-4), 2.65 

(lH, dd, 2./ 13 Hz, ‘.I 5 Hz, H-6@, 3.35 (lH, m, H&x), 3.78 (lH, d, ‘.Z 14 Hz, CZ!Z&&), 3.78 (lH, 

t, ‘J 4.5 Hz, H-&q), 4.59 (lH, m, C’J 28 Hz, H-Sax), 6.93 (3H, s, ArH), 7.29 (8H, m, A@, 7.65 (2H, 

q, ArH), 10.79 (lH, s, NH); s, @MSo_dd 159.1 (C-4’ C,&,F), 153.9 (NCON), 138.7, 129.5-126 8, 

12C 1, 115 0, 108.7 (C-Ar), 59.8 (C-2), 57.9 (C-6), 48.5 (C-5), 47 1 (CH&H5), 26.8 (C-3), 24.3 (C-4) 

Anal Calcd for c;,H,FN,O* C, 74.79, H, 6.03; N, 10.47. Found’ C, 74.51, H, 5.90; N, 10.20. 

2b m.p. (CH,C12-MeGH) 283.5-284.2”C, v,,,_ (KBr)/cm-* 1698 (CO), 1606, 1509, 835, 757, 700 (ArH); 

m/z slmdar to that of compound lb Found. M+, 401.1900 hH,FN,O reqmres M, 401.1903]. S,, (250 

MHz; DMSCk@ 1 7-1.95 (3H, m, H-3, H-4@, 2 43 (la, qd, 2J and 3.1 13 Hz, ‘J 4 Hz, H-4ax), 2 84 

(2H, m, H-6), 2 95 (lH, d, ‘J 12 5 Hz, CiY&H5), 3 40 (lH, dd, ‘J 11,2 5 Hz, H&x), 3.65 (lH, d, ‘J 

12.5 Hz, C&C&), 4.4 (lH, m, PJ 32 Hz, H-Sax), 6.8-7.8 (13H, m, ArH), 10.79 (lH, s, NH). 

Anal Cakd for GH,FN,O C, 74 79, H, 6 03, N, 10.47 Found C, 74 50, H, 5 90, N, 10.21. 
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