
HETEROCYCLES. Vol 28, No. 2. 1989 

SYNTHESIS OF 6-ARYL-4-HYORDXYPIPERIDIN-2-ONES AND A POSSIBLE hPPLIC.&TION TO T'IE 
SYXTHESIS OF A NOVEL HnC-CoA REDUCTASE INHIBITOR 
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Absrracr - A series of 6-aryl-4-hydroxypipeeeddn-2-ones (lla-llg) were 
synthesised with the key step being a Dleckmann cycllsotlon of the npproprlste 

methyl 3-(ethoxycerbonylacerylaain0)-3-~~ub5tttutd proplonote (8a-8g) and thls 

new syntberlc route  was successfully applied to the synthesis of 

4-hydroxy-6-(2-phenylethyl)p~peridin-2-one (Ilh). The nppllcotlon of this 

~ t m t e g y  LO the synthesis of the putative HMG-CaA reductuse inhitiltor 

6 - [ 2 - ( 2 - b e n z y 1 o x y - 4 , 6 - d ~ c h 1 o r o p h e n y 1 ) e t h y 1 ] - 4 - h d p i p i d - 2 -  (lli) 

was attempted. but fslled during the Dieckmann cyclisation of methyl 

3-(ethoxycorbonylacerylaain0)-3-[2-(2-benzy10xy-4 ,6-d1chlomphenyl)- 

ethyl]propionate (8i). An elternatlve synthesis of a l:i diastereanleric mixture 

of (lli) was achieved by the reductive cleavage of the isoxamline (24) 

with Raney nickel. The mixture of diastereoisamers (lli) was inactive in-ultro 

and t n - ~ i ~ o  (rat) against HMG-COA reductase 

The fungal metabolite lovastatin (mevinolin) (1) is a potent reverIible inhibitor of HMO-CoA 

reductase, which is the rate limiting enzyme in cholesterol bio~ynthesis.~ Lovastatin (11 

has been introduced recently as the first of a new generation of hypocholesterolaemic agents. 



Smplifled structures ( 2 )  have been synthesised as HMG-CoA reductase inh~bitors, and the vast 

majority, like lovastatin, resulres the 4-hydroxypyranone ring to elxcit inhibitory 

actlvlty.2 It is known that the pyranone ring is a 'prodrug' form of the actlve 

dihydrony acid (3) .3 In contrast to thls seemingly specific requirement, the 

hexahYdPonaphthalene ring system Of lovestatin (1) may be replaced by a variety of 

app~mpriately substituted aryl- and heteroaryl-ring systems.4 and compound (4) 15 reported to 

have a sirnllar mhibltory actlvlty to that of lovastat1n.3 

O Na' 3 NH, 

ph-o 6- Ph b0 CI 

CI 
CI Cl 

(4 )  (Ili) (26) 

It was thus of lnterest LO syntheslse compounds bearing an spproprlote aryl funct~an e g 

(llil connected to a 4-hydroxy-6-lactam ring (4-hydroxyp~peridin-2-one1 ss potential novel 

HMG-CoA reductase inhlbltors. Such lactams could conceivably undergo hydrolytic r m g  openmg 

in-uiuo to the corcesponding 5-ammo-3-hydroxy acid (26) by a proteolytic mechanism.5 

4-Hydroxypiperidin-2-ones have not been previously described, and a general synthetic route 

to such compounds, whlch might be applicable to a synthesis of compound (Ili) was initially 

~nvestlgated. Retrosynthet~cally, the 4-hydroxypiperidin-2-one structure (11) could be 

derived by reduct~on of the corresponding plperidine-2.4-d1one (10). A synthes~s of the 

unsubstituted piperld1ne-2.4-dlane (10, R=H) has been described.6 and o variation on the 

reported mute of access was used to prepare the 6-sryl derivatives IlOu-log) (Scheme 11. 

The spproprlate benzaldehyde (5a-5s) was condensed with ammonium acetate end 8nnlonxc scld. 

ylelding the B-ammo scids7 (6e-6s). which were esterified (th~onyl chlorlde/methanoll to 

glve the correspond~ng 8-anlmo e s t e r  hydrochlorides (7a-79). Treatment wlth base followed by 

coupling to ethyl hydrogen rnalonate, using N.N'-dicyclohexylcarbodiim~de, yielded the 

d~eaters (8a-8g). I n  whxh the ester groups were correctly dispos~tioned to undergo Dieckmann 

~ y c 1 1 ~ a t m n  under methoxlde catalysis. to give the methyl. 2.4-dionop~peridine-3-c~rboxy18tes 

(9a-99)  after ester exchange. Hydrolysis and decarboxylation then gave the key mtermediates 

(10a-log). General experimental detalls and physical properties of the mtermedintes and 

products are collated in Table 1, and the sequence is fully described i n  tho experimental 

section for the preparatmn of the 1-naphthyl derivative (10f). 
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Scheme 1 

R e a s e m .  (i) , NH,OAc , CH2(C02H),: (ii) , SOCI,, MeOH , (iii) . ErlN . EtOOCCHzCOOH , 
N.NDicyclohexylcarbodiimide ; ( iv)  , NaOMe , THF ; (v) . KOH , EtOH ; (vi) , NaBH, , MeOH. 

Reduct ion o f  t h e  p i p e r ~ d i n e d m n e s  (10a-log1 was accomplished w i t h  sodlum b o r o h y d r l d e ,  and t h e  

p m d u c t s  (lla-llg) were isolated by c r y s t a l l i s a t i o n .  Exammat ion  of each  of  t h e s e  seven 

p r o d u c t s  (Ila-llg) by 200 MHz 1~ nmr showed t h a t  t h e y  had a l l  been a b t a m e d  8 s  s i n g l e  

d i a s t e r e o i s o m e r s  and t h e  s l m l l s r i t i e s  in t h e u  s p e c t r a  i m p l i e d  t h a t  t h e  same d i a s t e r e o i s o m e r s  

had been i s o l a t e d  i n  each case. D e t a l l e d  a n a l y s i s  of t h e  spectrum of t h e  6 -pheny l  d e r i v a t i v e  

( l l a i  was performed and t h e  coupling c o n s t a n t s  of p r o t o n s  H a ,  Hb. Hd, H e  and Hf ( F i g u r e  1. 



a l s o  see Table 21 de te rmined .  The coupl ing  c o n s t a n t s  of H,. Hb and Hd were d i a g n o s t i c  o f  

p ro tons  ln a x i a l  p a s i t m n s ,  and t h e r e f o r e  t h e  disposition o f  t h e  4-hydroxy and 6-phenyl 

groups were c l e a r l y  e q u a t o r i a l  (o r  pseudo-equa tor ia l  s c c o u n t m g  for  t h e  s l i g h t  f l a t t e n i n g  of 

t h e  c h a i r  by t h e  loctom g r o u p ) .  There fore  the  two s u b s t l t u e n t s  8xiusL be c i s  t o  each o t h e r  on 

the  r i n g .  

Figure 1 

1; I 

S y n t h e s i s  o f  t h e  6-(2-phenylethy1)piperidine-2,4-dione ( i l h )  was n e x t  approached.  

P r e p a r a t i o n  o f  t h e  B-amino a c i d  ( 6 h )  was n o t  p o s s i b l e  d i r e c t l y  from t h e  phenylpropionaldehyde 

( 5 h ) .  b u t  was prepared  conveniently in 3 s t e p s  from (5h)  as d e p i c t e d  i n  Scheme 2.  

Scheme 2 

(121 (131 
Reogenis. (i) , malonlc acld , (1,) . N H 2 0 H  : (iii) , H z .  PdJC 

Thus condense t i an  of ( 5 h )  wl th  molonic acid gave the  E - p e n t e n o x  acid (12). T h i s  r e a c t e d  

Snloothly wl th  hydroxyluame y l e l d l n g  (131 ,  which was r e d u c t l v e l y  c leaved  t o  g i v e  t h e  d e s i r e d  

P-amino a c i d  ( 6 h l .  The p r e v m u s l y  d e s c r i b e d  r o u t e  (6310. Scheme 1) was used to  t rans form 

( 6 h )  i n t o  t h e  p i p e r i d m e d i o n e  ( 1 0 h ) ,  and reduc t ion  wi th  sodium borohydr ide  fol lowed by 

C c y ~ t a l l i s a t i o n ,  Yielded.  as befoce.  a s ing le  dinstereoisomer of ( l l h ) .  The IH nmr spectrum 

of ( I l h )  was very s i m i l a r  t o  t h o s e  of t h e  4-hydraxypiperidinones ( I l a - l l g l  previously 

d e s c r i b e d ,  p a r t i c u l a r l y  i n  terms af t h e  c a u p l i n g  patterns of the p r o t o n s  on t h e  p i p e r i d i n o n e  

r i n g .  Th is  p roduc t  was hence a s s i g n e d  t h e  c i s - s t e r e o c h e m i s t r y  (Figure 2 ,  Isomer A .  

R=PhCHzCHz. X=NH). 
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Figure 2 

Exan~inatmn of the mother liquors from the crystallisstion of (llh). revealed that the second 

diastereaisomer (Figure 2. Isomer B. R=P~CH~CHZ. X=NH) was indeed present. albelz in a m n a r  

mount, not lsolsble by rlc. Analysis of the 1~ nmr spectrum of the nlixture clesrly showed a 

second set of signals assignable to the trans-isomer (Figure 2. Isomer B. R=P~CHZCHZ. X=NH). 

The 1~ nmr spectra of the well reported 4-hydroxy-6-(substituted) pycan-2-ones.8 in which the 

group at the 6-positlon 1 s  equatorial and the hydroxy group at position-4 is either 

equatorial (cis) or axlal (trans), showed that the trans-products have signals for Hd and Ha 

(Figure 2, Isomer B. X=O) at lawer fleld relative to their cis-congeners. Sat~sfyingly, the 

observed extra pair of signals corresponding to protons attached to positmns -4 and -6 

(Figure 2, Isomer B ,  R=PhCHzCHz. X=NH) of the minor isomer of the 

6-(2-phenylethyllp~~erid1none (llhl were also st lower field than those of the major ismer 

further suggesting that our asslgnrnenrs were correct. Table 3 i n  the e x p e r m e n t a l  section 

glves a partial descrlptlon nnd assignment of the 1~ nmr spectrum of the rnlxture of 

divstereoisorners of [llh) 

Attentlo" was now turned Lo the preporntmn of compound (Ili). m whlch !he incarporatran of 

the 2-benryloxy-4.6-d~chlo~o~hccyl group (shown in the 4-hydroxypyranonc series to confer 

good lnhlbitory actlvlLy against HhlG-CoA reductase3) was deslgncd to give n 

4-hydroxypiperldinone wlth actlvlty against HMG-CaA reductase. 

The startlng aldehyde (5il was prepared 8s shown in Scheme 3. in which 3.5-dichlorophenol 

(14) was alkylated with ally1 bromide giving (15). Cleisen rearrangement gave the 2-ally1 

derivative (16) In good yleld, whlch was benrylated on oxygen (17) before being subjected to 

oxidative hydroboration affording the primary alcohol (18). Oxidation with pyridlnium 

chlorochromate then gave the aldehyde (5i). 



Aldehyde (5i) was not directly transformable to the am~noacld (6i). and so (51) was converted 

Into the pentenoate (19). using trlethylphosphonoacet~te. The acid (20) was liberated, and 

sniinated wxth liquld ammonia under pressure, giving the requlslte B-ammoscid (6i) 

(Scheme 31 

Scheme 3 

The usual sequence (6i) to ilOi) (Scheme 1) was now attempted with success until the 

Dieckmann condensation stage (8=->9i). when surprisingly nelthec under normal nor  vorled 

bas ic  cychsat~on conditions, could the cycllsed product ( 9 i )  be obtained. 

An alternative approach commencing wlth the aldehyde (51) wss investigated (Scheme 4) for the 

synthesis of the 4-hydroxypiperld~none (111). Thus, oximation of (5i) yielded the oxinle 

(21). whxh was chlorinated IN-chlorosuccinim~de) to give (22). The nitr~le oxide, der~ved 
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Scheme 4 

+ lli 

Reogenls: (I), NaOMe , NH20H.HCI. MeOH; (11). N-Chloroiuccin~mlde . O i l )  CN,=CHCH,CN, 
Er,N : (1") , HCI . MeOH : (v) , H? 1 Raney-Ni . MeOH 

from dehydrochlorinatmn of (22). underwent regiospeclfic cycloadd~tion with nllyl cyanrde to 

furnish the l soxarolme (23) in 61% yield. The nltrlle group. an treatment wlth 

methanollhydrogen chloride, geve the methyl ester (24). and then the lsoxaiolrne ring was 

reductively cleaved over HZ and Raney nlckel. The intentmn was to llberate the 

5-amino-3-hydroxy ester. whlch should cycllse spontaneously to the desired pipendinedime 

(lli). Two products icre isolated from thls r e a c t ~ o n .  The flcst product was the 

3-hydroxy-5-keto ester (251 (49: yleldl . 9  presumably obtained by u reaction lnvolvlng 

ceductive flssion of the N-0 bond, followed by hydrolysis of the resulting 5-immo group. 

The second product, isolated in 32% yield, was an inseparable 1:l mixture of diastereoisomers 

of the target 4-hydraxypiperidinone (lli). clearly identified by comparison of its 200 MHz 'H 

nmr spectrum with that of the mixture of diastereoisomers of (llh), obtamed by the previous 

route. Bath cfs- and trans- isomers were identifiable in the spectrum. with the cis-lsomer 

having the characteristic pattern of signals for the piperidinone rrng protons seen in the 

eight prlor examples (lla-llh), and the trans-isomer corresponding well with the previously 

assigned trons-lsarner of compound (llh). 



All compounds (lla-lli) were inactive as inhibitors of HMG-CoA reductase fn-vttro, and the 

mixture of diastereoisolners (lli) was inactive also in-vivo in the ratlo. establishing that 

the lactam is not a suitable bio-isostere for the lectone moiety in typical HMG-CoA reductase 

inhibitors. 

EXPERIMENTAL 

Melting paints were determined on an 'Electrothermal' instrument.The lH nmr spectra were 

recorded on a Brucker 200 MHz spectrometer with TMS as the internal standard. 

3-Amino-3-(l-naphthylIpropionic acid (6P). A mixture of ammonium acetate (30 g. 0.39 mol). 

rnnlonic acid (20 g. 0.192 moll. and 1-nnphthaldehyde (5P) (29.36 g .  0.108 moll l n  ethrnol 

(70 mll was heated under ceflux (5 hl. The mixture was cooled and the preclpltated solid 

collected and recrysrullrsed from aqueous acetic acid (50% vlv). grvlng the a m n o  acid (6P) 

(12.94 g. 32%) as colourless crystals. mp 225-2270C. Found: C. 72.1; H. 6.3; N. 6.5%. 

C13HljNO2 requires: C. 72.5; H. 6.1; N. 6.5%. 

Methyl 3-amino-3-(1-naphthy1)propionate hydrochloride (7f). Thionyl chloride (17 ml. 0.23 

mol) was added dropwise to a stirred suspension of 3-amino-3-(1-naphthyl)propionic acid 

(6P) (12.94 g. 0.06 moll in dichloromethane (21 ml) at room temperature. The mixture was 

allowed to stir at room temperature (1 h), and then concentrated. The residue was treated 

with methanol (31 ml) dropwise, and the mixture was stirred at roam temperature (1 h ) .  The 

Solid was collected and recrystallised from methanol giving the ester hydrochloride (7fl 

9.32 g. 58%) as colourless crystals, mp 200-202oC. Found: C. 63.2; H .  6.1; Cl. 13.4; N. 

5.3%. C13H12N02.HCl rewires: C. 63.3; H. 6.1; C1. 13.3; N. 5.3%. 

Methyl 3-(ethoxycerbonylacetylamin0)-3-(l-naphthyl)pmpionate (8f). Triethylnmine (5.2 g. 

0.051 moll was added dropwise to a stirred solution of methyl 3-amino-3-(l-naphthyl)- 

prcpionate hydrochloride (7f) (13.27 g. 0.05 moll in dichloromethane (100 ml) st O°C. A 

solution of ethyl hydrogen malonate (6.6 g. 0.05 moll in dichloromethane (40 ml) was added 

d~opwise at O W ,  followed by a solution of N.N'-dicyclahenylcarbodiimide (10.4 g. 0.05 mol) 

in dichloromethane (20 ml) at O W .  The mixture was stirred at O W  (15 mi") ond then at 

room temperature (2 h). The reaction mixture was filtered and the filtrate concentrated. 
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The residue was d~ssolved in acetone. filtered from a little undissolved solid . and 
concentrated. The residue was triturated with petroleum ether (bp 60-80Wl g l v m g  the 

diester (8fl (11.24 g, 65.5%) as colourless crystals, mp 76-78OC Found: C. 66.7; H. 6.0; 

N, 4.2%. CI~HZINO~ requires: C. 66.5: H. 6.2: N. 4.1% 

Methyl 6 - ( 1 - n a p h t h y l l - 2 , 4 - d i o r o p i p e r i d i n e - 3 - c a r b y 1 t  (9P). Sad~um methoxide (prepared 

from sodium (4.25 g. 0.184 moll in methanol (172 ml) followed by evaporation) was dissolved 

in a solution of methyl.3-(ethoxycarbanylacety18min0]-3-(l-naphthyl)propionate (8f 1 63.19 

g. 0.104 moll in tetrahydrofuran (307 ml). under an atmosphere of nitrogen. at room 

temperature. The mixture was heated under reflux (2 h), concentrated, and the resxdue 

partitioned between ethyl acetate and water. The aqueous phase was acidified to pH 1 

(conc. HC11, and the precipitated solid collected and washed with water  glving the ester 

(9fl (28.4 g. 5221 as a colourless solid, mp 179-181oC. Found: C. 69.7. H. 5.3; N. 4.7%. ' 

Cl7H15N04 requires: C. 68.7: H. 5.2: N. 4.7%. 

6-(1-Naphthyllpiperidine-2.4-dione (10fl. A mixture of methyl 6-(1-nuphthyll- 

2.4-diaxopiperidine-3-carboxylate (9fl (12 g. 0.04 moll and potasslum 

hydroxide (4.48 g. 0.08 mol) in ethanol (150 ml) was heated under reflux (6 h). .The 

mixture was acidified to pH 1 (conc. HCI), heated under reflux (15 min), cooled, and the 

precipitsted product collected and washed with water, giving the piper~dine-2.4-dione (10f) 

(4.01 g. 42%) as a colourless solid, mp 207-2090C. Found: C. 75.4; H. 5.6: N. 6.1%. 

ClgH13N02 requires: C. 75.3; H. 5.5: N, 5.9%. 

Cfs-4-Hydroxy-6-(l-naphthy1lpiperidin-Z- (Ilfl. Sodium borohydrlde (3.36 g. 0.089 moll 

was added portionwlse to a solution of 6-(l-naphthyl)p1perldine-2,4-dione (1Of) (3.35 g, 

0.014 moll in methanol (150 ml) st O W .  The solution was stirred at room temperature (1 hl 

and concentrated. The residue was partitmned between dichloromethane and water, and the 

organic phase was washed vlth water, dried (MgSOQ) and concentrated. The resulting gum was 

crystallised twice from water giving the cis-piperidinone (llfl (0.5g. 14.8%) as colourless 

crystals. mp 152-1540C. Found: C. 75.0; H. 6.1: N. 5.8%. ClgHlgN02 requires: C: 74.7: 

H. 6.3: N. 5.8%. 

(El-5-Phenyl-2-pentenoic acid (12). A solution of 3-phenylpropanal (6h)  (197 mi. 1.49 moll 

and malonic acid (155.2 g. 1.49 moll in dry pyridine (120 mll was stirred and heated at 

100°C (7 hl. The mznture was poured onto excess ice/HCl, and the precipitated solld was 



collected and washed wlth water, giving the acid (12) (218.9 g. 83.5%) us a cream solid 

mp 94-960C. Found: C. 74.9; H. 6.9%. CllH1202 requires: C. 75.0: H. 6.7%. 

3-Hydraxyamino-5-phenylpentanoic acid (13). A mixture of (E)-5-phenyl-2-pentenoic acid (12) 

(218.9 g, 1.24 moll. hydroxylamme hydrochloride (87.0 g. 1.25 moll and anhydrous sodium 

acetate (102.9 g. 1.25 moll in ethanol (2500 ml) was stirred and heated under reflux (90 

mins) and then stlrred at room temperature (3 h). The product was collected, and washed 

with water and dried gyving the acid (13) (229.5 g. 88%) as a colourless solid, mp 

155-1570'2 (decomp.). Found: C. 63.0: H. 7.1; N. 6.6%. C11H1jNOj Pequlres: C. 63.1; H, 7.2: 

N, 6.7%. 

3-Amino-5-phenylpentanoic acid (6h). A solution of 3-hydroxynmlno-5-phenylpeetanoic acid 

(13)' [lo g .  48 mmol) In glacrnl scetlc acld (250 ml) was shaken and hydrogenated, warming 

occasionally with steam i n  the presence of 5% palladium on carbon (3.0 g) until the 

theoretical upt&e of hydrogen had been reached. The mixture was filtered, and the filtrate 

concentrated to a colourless oil, wh~ch was triturated with ethanol, glving the acid (6h), 

(8.2 g, 89%) as a whlte solid, mp 226-228% (decomp.). Found: C, 68.7; H, 8.0: N. 7.2%. 

C11H15NO2 requires: C ,  68.4: H ,  7.8: N. 7.3%. 

Methyl 3-amino-5-phenylpentanoate hydrochloride (7h). Thionyl chloride (35 ml. 0.48 mol) 

was added dropwise to stmred dry methanol (350 ml) maintaining the temperature at 00 t o  

5%. 3-Amino-5-phenylpentanoic acid (6h) (66.4 g. 0.34 moll was added portlonwlse. at On to 

P C ,  and the mlxture was stirred st 00 to 5% (15 mi"), and then at room temperature (5 h). 

The mixture was filtered and the filtrate concentrated. The residual 011 was tr~tucated 

with ether and then wzth ethyl acetate giving the ester hydrochlor~de (7h) (76.9 g. 92%) as a 

colaurless solid. mp 87-890C. Found: C. 58.4: H. 7.5; N. 5.5%. C~ZII~~NOZ.HCI requires: C .  

59.1; H .  7.4: N 5.8%. 

Methyl 3 - ( N - e t h o x y c a r b a n y 1 a c e t y l a m i n o ) - 5 - p h e n y l p t t  (ah). Trlethylamine (41 ml. 0.29 

mol) was added dropwise to a stirred solution of methyl 3-amino-5-phenylpropionate 

hydrochloride (4h) (70 g. 0.29 moll in d>chloromethane (867 ml) at O W .  A solution of 

ethyl hydrogen malonate ( 4 1  g ,  0.31 mal) in d~chloromethane (481 m l )  wos added dropwise. 

followed by N.N'-dicyclohexylcacbodiimide (64.5 g. 0.31 mol) portionwise. The mixture was 

stirred at O'C (15 mi") m d  then at room temperature (3.5 h). The msxture was kept at room 

temperature (18 h) and then filtered from prec~pitated N.N'-d~cyclohexylurea. The filtrate 
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was washed with water, dried (MgS04) and concentrated. The residual oil was triturated 

with acetone to remove further N.N'-d~cyclohexylurea, and the flltrate was concentrated. 

The residual 011 was tr~turated wlth petroleum ether (bp 40-60%). glvmg the diester (8h) 

170.5 g. 76%) as a pale brown oil. Found: C. 62.3: H. 7.1: N. 4.8%. C17H23N05 requlres: 

C ,  63.5: H, 7.2: N. 4.4% 

Methyl 2.4-dioxo-6-(2-phenylethyl)piperidine-3-crboxylte (9hl. Freshly prepared sodlum 

methoxide (10.8 g, 0.2 mol) in dry tetrahydrofuran (140 ml) was treated with a solution of 

methyl 3-(ethoxycarbonylacetyl8min0)-5-phenylpentanoate (ah) (63.6 g, 0.2 mol) in dry 

tetrahydrofuran I340 ml) and the mixture was boiled under reflux (4 h). The mixture was 

evaporated. and the residue partitioned between ethyl acetate and water. The aqueous phase 

was separated. acldifled to pH 1 (conc. HC11, and the olly product collected and 

~rystall~zed from methanol. glvlng the piperidine ester (9h) (8.25 g. 15%) as colourless 

crystals, mp 113-1150C. Found: C ,  65.5; H. 6.2; N. 5.2%. ClgH17N04 requxres: C ,  65.4: H, 

6.2: N. 5.1%. 

6-(2-~hen~leth~l)pi~eridine-2.4-dione (loh). A mixture of methyl 2.4-dioxo-6-(2- 

~henylethyllpiperldine-3-carbooylate (9h) (49.6 g. 0.18 mol) and aqueous sodium hydroxide 

(2M. 500 ml) was heated at 1000C. (2h). The mixture was acidified (conc. HC1) and extracted 

with dichloromethane. The organlc phase was washed with water, drled (ElgS04) and 

concentrated. The residue was crystallized from methanol giving the plperldme-2.4-dmne 

(7h) (16.4 g, 42%) as a colourless solid. mp 138-1400C. Found: C. 71.7: H. 7.0: N. 6.5%. 

C13H15N02 requlres:  C. 71.9, H .  7.0: N. 6.5%. 

4-Hydroxy-6-(2-phenylethyllpiperidin-2-0 (Ilhl. Sodium borohydrlde (5.2 g. 0.14 moll was 

added portionwise to a stirred suspension of 6-(2-phenylethyl)plpeeeddde-2,4-dlone (10h) 

(4.72 g. 0.022 m o l )  I" dry methanol 150 ml). The mixture was stlrred (2h). and then 

filtered. givlng pure cis-(llh) (2.79 g. 59%) as colourless crystals, mp 186-188% (Found: 

C, 71.2: H. 8.10: N. 6.45%. CljH17N02 requres: C. 71.2: H. 7.81: N. 6.4%). The flltrate 

WBS concentrated, and the residue partitioned between water and dichloromethane. The 

organic phase was dried (MgS04) and concentrated giving a white solid (0.62 g, mp 

172-176%) whlch was crystsllized from~isopropanol giving further cis-(llh) (0.62 g. 13%) 

mp 174-176°C. The isoprapanol liquors were concentrated, giving a white solid (0.19 g. 

4.0%). mp 160%. which was shown to consist of a 1:l mixture of cis-(llh) and trans-(llh) 

Found: C. 71.5: H. 7.8; N. 6.3%. C I J H ~ ~ N O Z  requires: C. 71.2: H. 7.8: N. 6.4%. 



1-Allyloxy-3.5-dichlo~obenzene (15). Potassium carbonate (233.6g. 1.69 mol) was added to a 

solution of 3.5-dichlorophenol (14) (250 g. 1.53 mol) in acetone (2500 ml) and the flask 

contents were stirred at room temperature (30 min). Ally1 bromide (146 ml. 1.69 moll was 

then added rapidly dropwise and the mixture was stirred and heated under reflux (4 h). The 

reaction mixture was left to stand st room temperature overnight, filtered and the filtrate 

was evaporated to dryness to glve a golden oil which was distilled yielding the ether (15) 

3-(4.6-Dichloro-2-hydroxypheny1)prop-1-en (16). A mixture of 1-allyloxy-3.5-dichloro- 

benzene (15) (220 g. 1.08 mol) and N.N-diethylaniline (500 ml) was stirred and hented under 

reflux (12 h). The N.N-diethylaniline was distilled off and the concentrated reaction 

mixture was poured onto ConCentrGted hydrochloric acld (600 to11 and crushed icc (1 kg). The 

c ~ ~ d e  pmduct WBS extracted with ether and the ethereal phase wos washed wlth water (2x300 

ml). brine (1x200 ul). dried (hlgSO4) and concentrated Lo dryness to ~ l v c  the propcnc 116) 

(213 g. 97%) as e brawn 0x1. 

3-(2-Benryloxy-4.6-dich10rophenyl)prop-lee (17). A mixture of 3-(4.6-dichloro-2- 

hydroxypheny1)prop-1-ene (16) (110 g. 0.54 mall, potassium carbonate (74.4 g. 0.54 mol) and 

dry dimethylformamide (750 ml) was stirred and heated on a steam-bath (1 h). Benzyl bromide 

(129 ml. 1.08 mal) was then added dropwise over a period of 60 mins. After the end of the 

addition, the flask contents were stirred and heated on a steam-bath (8 h). The reaction 

mixture was allowed to cool, poured onto water and extracted with ether. The ethereal phase 

was washed with water (2x100 roll, brine (1x100 ml) and dried (MgS04). Thls solution was 

evapo~ated to dryness to a brown oil which was distilled to glve the ether (17) (123.3 g. 

79%) as e pale yellow 011, bp 135-155% (0.1-0.4 m m  Hg). Found: C. 65.8. H. 4.7%. 

C16H14C120 requires: C. 65.6: H. 4.8%. 

3-(Z-Benzyloxy-4,6-dichlorophenyl)propan-l-o1 (18). Borane-THF complex (1.0 M in THF. 57 

ml. 0.057 mol) was added dropwise to a solution of 3-(2-benryloxy-4.6-dichloropheny1)prop- 

1-ene (17) (50 g. 0.17 mol) I" dry THF (868 ml) maintaining the temperature below 60C. The 

flask contents were then stirred (2 h) allowing the temperature to rise to room 

tempereture. The solution was then cooled to 50C and then treated with aqueous sodium 

hydroxide (3M. 19 ml) and squeous hydrogen peroxide (30% v/v, 20 ml). The reactmn mzxture 

was warmed to 500C and stirred at this temperature (1 h). The flask contents were then 

allowed to cool, and partitioned between ether and water. The ethereal phsse was washed 

~ i t h  B~UBOUS sod~um hydroxide (2M1, aqueous hydrogen chloride (2M) and water, and then 
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drled (MgSOQ). The absence of pero~ldes was checked with starch-iodide paper and the 

s01ut10n was ev~porated LO a C O ~ O U F ~ ~ S S  oil which solidified on cooling. This solid was 

washed wlth petroleum ether (bp 40-600C) to give the alcohol (18) (34.9 g. 66%) as a 

colourless solid, mp 60-62oC. 1Ii Nmr (CDClj): 1.82 (2H, quntet, J=8 Hz. CH2-CH2-CH2). 2.9 

(2H. t. J=8 Hz. ArCH2-CH2). 3.59 l2H. t. J=8 Hz. CH2-CH2-OH). 5.06 (2H. 5 .  C6H5-CH2-0). 

6.86 (1H. d. J=2 Hz. 3-H or 5-HI. 7.05 (IH: d. J=2 Hz. 5-H or 3-HI. 7.26-7.52 (5H. m. 

C6H5). Found: C. 61.9: H. 5.1%. C16H16C1202 requires: C. 61.8; H. 5.2%. 

3-(2-Benryloxy-4.6-dichlorophenyl)propionaldehyde (51). Pyridinium chlorochromate (90.9 g. 

0.42 mol) was added portunwise to a stirred solution of 3-(2-benzyloxy-4.6- 

dlchloropheny1)propon-1-01 1181 (70.3 g. 0.22 mol) end sodium acetnre 16.8 g. 0.08 moll in 

dichlorornethane (919 1011, the temperature being maintained below 100C. The reactwn mixture 

was stirred (1 hl st a temperature below 100C. then allowed to warm to rooul temperature and 

Stirred (1 hl. The dark brown solution was poured onto ether (1500 ml). The ethereal 

solution was flltered through sihca gel and the filtrate was evaporated to dryness to give a 

golden oil which solidified to yield the aldehyde (51) (68.9 g. 98%) as a pale yellow 

solid, mp 59-62W. IH Nmr (CDC13); 2.64 (2H, dt. J=7 Hz. 1 Hz. CH2-CH2-CHO). 3.14(2H, t. 

J=7 Hz. CH2-CH2-CHO). 5.06 (2H. 5 .  CH6H5-CX2-0). 6.85 (1H. d. J=2 Hz. 3-H or 5-H):, 7.04 

(1H. d. J=2 Hz. 5-H or  3-HI. 7.22-7.48 (5H. m .  C6H5). 9.76 (1H. t. J=1 Hz. CHO). Found: C. 

61.6; H. 4.5; Cl. 22.4%. C16H14C1202 requires: C. 62.2; H. 4.6; C1, 22.9%. 

Ethyl lE)-5-(2-benzyloxy-4,6-dichlorophen~l)pent-2-enate (19). A solution of triethyl 

~hos~honoacetate 144 ml. 0.22 moll in dry tetrahydrofuran (103 mll was added dropwise to a 

stlrred suspension of sodium hydride (80% dispersmn in oil. 6.44 g. 0.22 mol) under an 

atmosphere Of nitrogen, maintaining the temperature less than 25%. A solution of 

3-(2-benzyloxy-4.6-d~chlorophenyllpropionsldehyde (51) (66.44 g. 0.215 nml) in dry 

tetrahydrofuran (97 mll was added dropwise at room temperature, and the reaction mixture 

was stirred I3 hl at room temperature. Glacial acetic acid (23 ml) was added dropwise, and 

the Solution was concentrated. The 0x1 was partitioned between water and ether, and the 

Organic phase was washed twice wlth saturated sodium bicarbonate solution. water, and 

dried, gluing the ester (19) (74.8 g. 92%) as s pale brown oil. 1~ Nmr (CDC13) 1.26 

(3H, t. 5.7 Hz, OCH~CIIJ). 2.40 (2H, q. J=8 Hi. ArCH2CH2). 2.94 (2H. t. J=8 Hz. ArCH2CH21. 

4.18 (2H. q. J=7 Hz. 0CH2CH3). 5.02 (2H. S ,  OCH~AP). 5.79 (1H, d, 5.15 Hz. CHCOzEt), 6.81 

(1H. d, J=2 Hz. 3- or 5-Ar-H), 7.00(1H. d .  J=2 Hz. 5- or 3-Ar-HI. 7.04 (lH, dt. 3.15 and 8 

Hz. A~CHZCH~CHI, and 7.25-7.40 (5H. m. C6H5). 



~E)-5-~2-Benzyloxy-~,G-dichl0r0pheeyll-2-pentenoic acid (20). A mlxture of ethyl (El- 

5-(2-benzyloxy-il.6-dlchloraphenyl)pent-2-enoate (19) (79 g. 0.21 mol) nnd potasslum 

hydroxide (17.7 g. 0.32 mol) I" acetane (371 ml) and water (557 ml) was heated under reflux 

(6 h). The acetone was removed under diminished pressure, and the aqueous phase was 

extracted with ether, The aqueous phase was acidified to pH 1 (conc. ilC11, and extracted 

with ether. The ethereal extract was concentrated, giving the acld (20) (65.4 g. 90%) as a 

cream solld. mp 112-114OC. lH Nmr (CDC13) 2.46 (2H, q. J=7 H z ,  ArCH2CH2). 2.97 (2H. t, J=7 

Hz. ArCH2CH2). 5.04 (2H. s .  OCHzAr). 5.65 ( I H .  d.  5.15 Hz. CHCO2H). 6.84 IlH. d, J-2 Hz. 3- 

or 5-Ar-H). 7.03 (1H. d ,  J=2Hz. 5- o r  3-Ar-H). 7.10 (lH, dt. 5-14 and 7 Hz), and 7.32-7.54 

(5H, rn. Ar-HI. Found: C ,  61.5; H. 4.6%. C18H16C1203 requires: C. 61.4: H. 4.5%. 

3 - A m i n o - 5 - ( 2 - b e n z y l o x y - 3 . 5 - d i c h l o r o p h ~ i  acid (61). A mixture of (E)- 

5-(2-benzyloxy-ii.6-dlchlorophenyl)-Z-penteno1c acid (20) (8.8 g. 0.025 niol) and :,quid 

ammonia (98 ml) was heated at 120'~ in a bomb (18 h). Evaporation of the emrnonln gave a gum 

which was triturated with ethyl acetate, giving the amino acid (611 (4.87 g, 53%) as a 

white solid, mp 205-20FC (decamp.). IH Nmr (DMSO-d6) 1.50-1.80 (2H. b r  m. ArCH2CHz). 2.02 

(IH. br dd. J=16 and 9 Hz. CHACHBCOZH) , 2.30 (1H. br d. 5-16 Hz. CHAHBC02Hl. 2.78 (2H, br 

t. J=7 Hz. ArCHzCHz). 3.00-3.10 (1H. br m .  CHNH2). 5.20 (ZH, s .  OCH2Ar). 6.20 (2H. s .  3- 

and 5-Ar-H). 7.2-7.40 (5H. m .  C6H5 1 .  Found: C. 58.5: H. 5.1: N. 3.7% C18HlgC12NOj 

requires: C, 58.7: H, 5.1: N. 3.7%. 

Methyl 3-amino-5-(2-ben~~lox~-4.6-dichloraphen~l)~entanoate hydrochloride (71). Thronyl 

chlorlde (3 ml, 0.04 mol) was added dropwise to dry methanol (30 ml) msintalning the 

temperature at less than 100C. 3-Amino-5-(2-benzyloxy-3.5-dlchlorophenyl)pentnnolc acid 

(6i) (10.58 g, 0.029 mol) was added portionwise at 00 to 50'2, and the solution was kept at  

room temperature (72 h). The preclp~tated solid was collected and washed with petroleum 

ether [bp 40-600C), g ~ v l n g  the hydrochloride (7i) (11.36 g. 94%) as a whlte solxd, mp 

172-174OC. 1H Nmr (OMSO-d6). 1 .TO-2.00 (ZH, br m .  ArCH2CH2). 2.70-2.90 (OH, br rn. ArcHz 

and CH2CO2Me). 3.46 (1H. br. qu~ntet. J=6 Hz, CHNH3*). 3.62 (3H. s. ocH3). 5.24 (2H. s .  

0CH2), 6.21 (2H. m .  3- and 5-Ar-H). 7.30-7.50 (5H. m, C6H5), and 8.46 (3H, br, s. NH3'). 

Found: 54.7: H. 5.2: N .  3 . 3 %  ClgH21C12N03,HCl requires: C ,  54.5; H. 5.30; N .  3.4%. 

Methyl 3-(ethoxycarbonylucetylumiio)-5-(2-benryloxy-~,6-dichlorophenyl)pentanoate (81). A 

stirred solution of methyl 3-nm~no-5-~2-beniyl0~y-4,6-dichlor0phhhyl)~ent~noate 
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hydrochlor~de (71) (10.76 g. 0.026 mol) I" d~chloromethane (72 ml) was treated dropwise 

with trlethylamine (3.6 ml. 0.026 mol) . A solution of ethyl hydrogen malonate (3.6 g. 

0.027 mol) in dlchloromethane (43 01) was added dropvise at 0%. N.N1-Dlcyclohexyl- 

carbodiimide (5.74 g. 0.028 moll was added portionwise at O W ,  and the mixture was stlrred 

at O°C (15 minl and room temperature (3.5 h). The mixture was kept (18 h), and then 

filtered from prec~pitated N.N1-dicyclohexylurea. The filtrate was washed wlth w a t e r .  

drzed (MgS04). and concentrated. The resultmg solid was triturated wlth acetone, filtered. 

concentrated, and cetritursted wlth petroleum ether (bp 40-60%). filtered and 

concentrated, giving the dzester (811 (9.52 g. 75%) as a colaurless solld, mp 78-800C. 1~ 

Nmr  (DMSO-d61. 1.08 13H. t, J=6 Hz. OCHZCH~I. 1.60-1.80 (2H. m .  CH2CH2CHl. 2.52 (2H. d. J:6 

Hz. CH2CO2Mel. 2.70-2.90 (2H. m .  ArCH2CH2). 3.20 (2H. s .  COCH2CO), 3.58 (3H. s .  OCH31, 4.08 

(2H. q ,  J=6 Hz. OCH2CH31. 11.16 (IH, m. CHNH), 5.22 (ZH, s .  OCHzAr), 6.18 (2H, m. 3- end 

5-Ar-H). 7.30-7.50 (5H. m .  Ar-H) and 8.16 (1H. d. J=7 Hz. N H ) .  Found: C. 57.7; H, 5.2; N. 

3.2%. C24H27C12N06 requires: C ,  58.1; H. 5.48: N. 2.8%. 

Attempted cycliration of methyl 3-(ethoxycarbonylecerylamino)-5-(2-benryy-4.6- 

dichloropheny1)pentanoate (811 using sodium methoxide in tetrahydrafuran at reflux . sodiuu 
methoxlde in toluene at reflun . sodium methoxide in methanol at reflux . sodium methoxlde 
In methanol at room temperature . 4-dimethylaminopyridine in toluene at reflux . 
4-d~methylaminopyr~ddne in tetrahydrofuran, sodium hydride in tetrahydrofuran at roam 

temperature . trlethylamme i n  tetrahydrofuran at reflux . potassium tert-butoxide in 
tetrahydrofuran at room temperature. sodium 2.4.6-trimethylphenox~dd ~n dmethyl sulphaxlde 

at room temperature, and potassium carbonate in methanol at reflun . gave no materlal 
identifiable as the cyclised product (9i) 

3-(2-8enzyloxy-4,6-dichl0~ophenyl)p~0pi0nldoxie (21). A solution of sodium methoxide 

15.4 g. 0.1 moll m methanol (100 mll was added to hydroxylamine hydrochloride (7.0 g, 0.1 

moll. A solutmn of 3-(2-benzyloxy-4.6-dichloropheny1lp~0pionldeh~de (5i) (31.3 g. 0.1 

moll in methanol (70 ml) was then sdded dropwise to the stlrred suspension. The flask 

contents were stmred at room temperature (30 min). The solvent was then evaporated and the 

wude pmduct W 8 9  partitioned between ether and water .  The ethereal phase was drled (MgSOq) 

and evaporated to dryness. The solid was triturated with petroleum ether (bp 40-600C) 

giving the oxime (as  a 1:l mixture of ( 2 ) -  and (El- isomers) (21) (19.3 g. 59%) os n 



colourless solid, mp 15-79OC IH Nmr (CDC131 2.44 and 2.66 (each IH, q ,  J=6 Hz, 

CH2CHNOHl. 3.01. (2H. t. 3.6 Hz. CHZCHZCHNOHI. 5.05 (2H. s .  CH$l. 6.79 (1H. t. J=6 Hz. 

CYOH). 6.84 (1H. m. Ar-HI. 7.03 (1H. m. Ar-HI. and 7.26-7.56 (5H. m. C6H5 1 .  Found: C. 

59.8: H. 4.8; N. 4.1. Ci6H15ClzNO~ requires: C. 59.3; H. 4.7; N. 4.3%. 

3 - ~ 2 - ( 2 - B e n r y l o x y - 4 , 6 - d i c h l o r o p h e n y l ) e C h i o x z l - 5 - y l ) c e t o i t i l e  (23). 

N-Chlorosuccinimide (2.64 g. 19.7 mmol) wss stirred in a flask containing dry chloroform 

(18 ml) and dry pyridine (0.1 ml). 3-(2-Benryloxy-4.6-dichlorophenyl)propionaldoxime (21) 

(6.4 g. 19.7 mmol) was added st room temperature in one portion. The flask contents were 

stirred (1 hl, and then ally1 cyanide (2.7 ml, 33.5 mmol) was added and the temperature 

raised to 40-50%. A solution of tr~ethylemine (2.75 ml. 19.7 mmol) in chloroform' (3 ml) 

was added dropwise (30 mi"). The mixture wes stirred at 45% (45 mi"), washed with water 

(2x35 ml), dried (MgSO4) and evaporated tb dryness to a colourless 011 which was triturated 

with petroleum ether (bp 40-60%) to yield compound (23) (4.7 g. 61%) as a colourless 

solid. up 60-62oC. IH Nmr (CDC131 2.51 (IH, dd. J=16.8 and 6.8 Hz, CHACHBCN). 2.58 (2H, 

t. J.7.6 Hz. ArCH2CH2). 2.63 (lH, dd. J.16.8 and 5.4 Hz. CHAHBCN). 2.73 (1H. dd. J=17.4 end 

6.4 Hz. CHAHBCH(O)). 3.06 (ZH. t. 5.7.6 Hz. ArCH2CH2). 3.12 (1H. dd. 5.17.4 and 10 Hz. 

CHAXBCH(OI). 4.73 (1H. dddd. J=10, 6.8. 6.4 and 5.4  Hz. CHAHBCH(0)l. 5.06 (2H. s. CH20). 

6.96 (1H. d. J=2 Hz, 3- or 5-Ar-HI. 7.04 (IH, d. J=2 Hz. 5- or 3-AP-H), and 7.28-7.50 (5H. 

m .  Ar-H). Found: C. 61.6: H. 4.7; C1. 18.2: N. 7.0%. C20H18C12N202 requires: C. 61.7: H, 

4.7: C1. 18.2: N. 7.2%. 

Methyl 3-[2-(2-benryloxy-4,6-dichlorophenyl)ethyl]-4,-dihydroioxzol--yl acetate (24). 

Dry hydrogen chloride was bubbled (30 min) through s solution of 3-[2-(2-benzyloxy-4. 

6-d~chlorophenyl)ethyl]-4,5-d~hydi.0is0~~zol-5-yl)cetonitile (23) (2 g. 5.1 mmol) in 

methanol (50 ml) and ether (50 ml) and the mixture was left to stand at roam temperature 

(18 h). Water (120 ml) was then edded carefully and the reaction mixture was stirred (10 

mins). The organic phase was dried (MgSO4) and eveporsted to dryness. The residue was 

purified by flash chromatography [eluant: petroleum ether (bp b600C)-ethyl acetate (3:2 

v/v], yielding the ester (24) (1.5 g. 69%) as e colourless ail. IH Nmr (CDC13) 2.40-2.80 

(5H, m, CHAHBCN. ArCHzCH2, and CHAHBCH(O)). 3.06 (2H, t. J=7 Hz. ArCH2CH2). 3.08 (1H. dd. 

5.16 and 8 Hz. CHAHBCH(O)). 3.68 (3H. s .  OCH3). 4.76-4.96 (1H. m. CH(0)). 5.04 (2H. s .  

CHZOI. 6.83 (lH, d. J=2 Hz. 3- or 5-AP-H). 7.01 (lH, d, J=2 Hz, 5- or 3-AP-HI. 7.26-7.46 

(5H, rn. Ar-HI. Found: C. 59.0: H. 5.0: N. 3.0%. C Z ~ H ~ ~ C ~ Z N O ~  requires: C. 59.7; H. 5.1; 

N. 3.3%. 
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6-[2-(2-Benryloxy-4.6-dich1oropheny1)ethyl]-4-hydroxspiperidine-2-ane and Methyl 

7 - l 2 - b e n z y l o n y - 4 . 6 - d i ~ h l o r o ~ h e n y l ) - 3 - h y d ~ 0 x y - 5 - 0 ~ 0 h e p t ~ t e  (25). A solution of 

methyl 3 - [ 2 - ( 2 - b e n z y 1 o x y - 4 . 6 - d ~ c h 1 o r o p h e n y 1 ) e t h y 1 - 4 , 5 - d i h y d i 1 - 5 - y 1 t t  (24) (2 

g. 4.7 mmol) in methanol (40 ml) was sh&en and hydrogenated at room temperature and 

atmos~herx Pressure in the presence of Raney Nickel (2 g) (5h)..Aftec removal of the 

catalyst by filtration, the filtrate was dried (MgS04) and concentrated. The residue was 

fractionated by flash chromatography (eluant: ethyl acetate, and rhe ethyl acetste/methanol 

(9:l v / v ) ,  giving 1) the hydroxypiperidinone (lli) (0.6 g. 323) as a colourless solid. 

mP 137-139OC. Found: C. 60.5; H. 5.3; N .  3.56%. C~oH21Cl~N03 rewires: C. 60.9: H. 5.37: 

N. 3.55%; and 2) the hydroxy keto ester (25) (1.0 g, 49%) as a colourlees solid. 

mP 53-55W. 1~ N m r  ICDClj). 2.26 (2H, d. J=6 Hz. CHCH2). 2.61 (2H, d. J=6 Hz. CHCH2). 2.62 

IZH, t, J=8 Hz. ArCH2CH2). 3.06 (2H. t, J=8 Hz. ArCH2). 4.44 (1H. quintuplet. J-6 Hz. 

CHzCHCH2). 5.05 (2H. s .  OCH2). 6.82 (1H. d. 5.2 Hz. 3- Or 5-Ar-H). 7.01 (1H. d. J=2 Hz. 5- 

or 3-Ar-H). 7.38 (5H. 5 .  Ar-H). Found: C. 59.2: H. 5.1; C1. 17.1%. C21H~~C1205 rewires: 

C, 59.3; H. 5.2: C1. 16.7%. 



Camp. No. General Yield% mp. Anal. 
Exoerimental OC Calc Found 
~ e i h o d  

6a (Ref. 7 )  A 
6b 
6c 
6d 
6e 
6f 
6g 
78 
7b 
7c 
7d 
7e 
7f 
7g 
8 a  
8b 
8c 
8d 
8e 
8f  
8g 
9a 
9b 
9c 
9d 
9e  
9f 
9g 

108 
l o b  
1oc 
10d 
10e 
10f 
log  
I l a  
l l b  
11c 
I l d  
l l e  
I l f  
I l g  

54 228-230 
33 240-242 61.5 6 .7  7.2 61.9 
26 197-200 70.9 6 . 3  5 .2  70.6 
65 230-232 54.1 5 . 0  7 .0  53.8 
61 235-237 46.2 3 .9  6 .0  45.8 
54 225-227 72.5 6 .1  6 .5  72.1 
62 230 74.7 6 .2  5.8 75 .5  
96 146 55.7 6 . 5  6 .5  55.8 
85 45 53.8 6 .5  5 .7  53.6 
hygmscopic used d i r e c t l y  i n  next  s t a g e  
68 90 48.0 5.2 5.6 45.7 
86 163 n o t  determined 
70 200-202 63.3 6.1 5 .3 
7 5 2 1 5 - 2 1 6  65.9 6 .2  4 .8  
78 52-53 61.4 6 . 5  4 .8  
62 48-101 59.4 6.5 4 . 3  

66.2 6 . 3  3 .5  
55.0 5 . 5  4 .3  
not  determined 
66.5 6 .2  4 . 1  
68.3 6.2 3 .8  
63.2 5 . 3  5.7 
60.7 5 .4  5 . 1  
68.0 5 .4  4 .0  
55.4 4 . 3  5 .0  
9 4  3 .5  4.4 
68.7 5 .1  4.7 
70.6 5 .2  4 .3  
69.8 5 . 8  1 . 4  
65.8 5 . 9  

5 . 8  
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IlH. ddd. J=11.8. 11.8 and 11.4 Hz. Hb axial) 
( l ~ ,  m ,  H, equatorial) 
(1H. dd, J=11,9 and 10.6 Hz. Hf axial) 
(IH, ddd. J.16.9, 5.5 and 2.0 Hz. He equatorial) 
(1H. br m ,  after DzO sh&e: dddd. J=11.8. 10.6. 5.5 and 
3.7 Hz Hd axial) 

(IH, dd, J=11.4 and 4.4 Hz. Ha axial) 
LlH, br d, removed by D2O. OH) 
(5H. m, ehenyl-H) 
(IH, br, s .  NH, removed by D20) 

Table 3 

lH Nmr Assignment For (lit,) - mixture of cis- and trons-campounds (DMSO-d6) 

Chemical shift oPm Assignment 

cis-isome~ 

trans-isomer 

dd. j.12. 12 and 11 Hz. Hb axial) (1H. d 
(ZH, m. PhCH2CHa) 
(IH. dd. 5.17 and 11 Hz. Hf axial) 
(IH, m. HC equatorial) 
(IH. d m .  J = I ~ .  6. and 2 HZ. H, equatorial) 
(ZH, t, J=6 Hz. PhCH2CH2) 
( i n  d n  1=12 and 4 Hz, Ha axial) -.., --, - -- ~ 

1H, br m, after D20 shak;, dddd, J = l 2  11, 
r .  Hd axial1 
)r d. OH, signal removed by D20) 
o .  phenyl-H) 
DP. 5 .  NH. signal removed by D20) 

(1". C6-H equatorial) 
( 1 ~ .  C4-H axial) 
IlH. OH) 
(1H. NH) 

6 and 

Figure 3 



Table 4 

1~ Nmr Assignment for Compounds (1li)-mixture of cfs- and trons-compounds (CDC13) 

Chemical shift p ~ m  Assimment 

(IH, ddd. J=l2. 12 and 11 Hz. Hb -181) 
(ZH, m, PhCHzCH*) 
(IH, m. Hc e&&riel) 
(1H. dd. 5.17 and 11 Hz. Hf axial) 
1lH. ddd. J=17. 6. and 2 Hz. H, eauatoriell . . " .  
(2H, t, J=6 ~ 1 ;  P~CHZCHZ) 
(lH, dd. J=ll and 4 Hz. Ha axial) 
(IH, br m, after D20 shake, dddd. J-12. 11. 6, and 
4 Hz. Hd axial) 

(ZH, s .  CH2O) 
(IH, b r  s. OH) 
(IH, d. J=2 Hz. Ar-H) 
(lH, d. J.2 Hz. Ar-H) 
(5H, br m. Ph-H) 

(IH, m. C6-H axial) 
(lH, m. C4-H equatorial) 
(lH, br s .  OH) 
(IH, d. J=2 Hz. Ar-H) 
(lH, d. J=2 Hz. Ar-H) 

Table 5 

1~ Nmr Assignment for Compounds (1lb)-(llg) (DMSO-d6) 

(Piperidme-ring protons: c.f. Figure 1) 

Chemical Shift ppm 

Compound hb (ddd) HC ( m )  Hf (dd) He (ddd) Hd l m )  Ha (dd) 

Ilb 1.42 2.02-2.16 2.10 2.44 3.9'4 4.36 

11c 1.40 2.18-2.30 2.08 2.46 3.95 4.83 

lld 1.41 2.06-2.18 2.13 2.45 3.95 4.45 

lle 1.45 2.04-2.20 2.16 2.46 3.94 4.48 

llf 1.49 2.15-2.42 2.10 2.55 4.14 5.43 

We thank M.W. Cappi for technical assistance and M. Podmore for IH nmr spectroscopic 
determinations. 
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