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Synthesis, Calcium-Channel-Blocking Activity, and Antihypertensive Activity of 
4-(Diarylmethyl)-1-[3-(aryloxy)propyl ]piperidines and Structurally Related 
Compounds' 

James R. Shanklin, Jr.,**t Christopher P. Johnson, III,+** Anthony G. Proakis>J and Richard J. Barrett*** 

Departments of Chemical Research and Pharmacology, A. H. Robins Company, P.O. Box 26609, 
Richmond, Virginia 23261 -6609. Received May 9, 1991 

A series of 4-(diarylmethyl)-l-[3-(aryloxy)propyl]piperidines and structurally related compounds were synthesized 
as calcium-channel blockers and antihypertensive agents. Compounds were evaluated for calcium-channel-blocking 
activity by determining their ability to antagonize calcium-induced contractions of isolated rabbit aortic strips. The 
most potent compounds were those with fluoro substituents in the 3- and/or 4-positions of both rings of the 
diphenylmethyl group. Bis(4fluorophenyl)ace~nitrile analogue 79 was similar in potency to bis(4fluorophenyl)methyl 
compound 1. The methylene analogue of 1 (78) and derivatives of 1 that contained a hydroxyl (761, carbamoyl (801, 
amino (811, or acetamido (82) substituent on the methyl group were less potent. In most cases, substituents on 
the phenoxy ring, changes in the distance between the aryloxy group and the piperidine nitrogen, and the substitution 
of S, N(CHJ, or CHI for the oxygen atom of the aryloxy group had only a small to moderate effect on the potency. 
The best compounds in this series were more potent than verapamil, diltiazem, flunarizine, and lidoflazine, but 
were lese potent than nifedipine. Compounds were evaluated for antihypertensive activity in spontaneously hypertensive 
rata (SHR) at an oral dose of 30 mg/kg. Of the 55 compounds tested, only nine produced a statistically significant 
(p < 0.05) reduction in blood pressure greater than 20%; all of these compounds had fluoro substituents in both 
rings of the diphenylmethyl group. One of the most active compounds in the SHR at 30 mg/kg was 1-[4-[3-[4- 
[bis(3,4-difluorophenyl)methyl]-l-piperidinyl]propoxy]-3-methoxyphenyl]ethanone (63), which produced a 35% 
reduction in blood pressure and was similar in activity to nifedipine. At lower doses, however, rl-[bis(l-fluoro- 
phenyl)methyl]-l-[3-(4chlorophenoxy)propyl]piperidine (93) was one of the most effective antihypertensive agents, 
producing reductions in blood pressure of 17 and 11% at oral doses of 10 and 3 mg/kg, respectively; 63 was inactive 
at  10 mg/kg. 

Calcium channel blockers are an important class of drugs 
that are widely used in the treatment of cardiovascular 
disease. The most frequently prescribed drugs of this type 
are nifedipine,2 diltiazem? and verapamil;' all are very 
effective in treating angina and hypertension. In addition, 
verapamil is useful in correcting superventricular ar- 
rhythmia~.~ 

Calcium channel blockers are a chemically heterogene- 
ous group of compounds. Many calcium-channel blockers, 
however, can be placed into one of three major structural 
classes: the 1,4-dihydropyridines (nifedipine), the benzo- 
thiazepines (diltiazem), and the phenylalkylamines (ver- 
apamil). Over the past 10 years, these three classes of 
calcium channel blockers have been extensively investi- 
gated and their pharmacology, biochemistry, and electro- 
physiology have been thoroughly reviewed! On the other 
hand, a fourth type of calcium channel blocker, the di- 
phenylalkylamines, has received much less attention. 
Flunarizine' and lidoflazine* (Chart I), which are marketed 
outside of the US. for the treatment of cerebral and pe- 
ripheral cardiovascular disorders, belong to this fourth 
class. 

In 1982 we initiated a program in our laboratories to find 
a calcium channel blocker that would be clinically useful 
in treating hypertension. Early in this program, 1 (Chart 
I) was identified as a potent calcium channel blocker, in 
vitro, and as an effective antihypertensive agent. Com- 
pound 1 had been prepared earlier in our laboratories by 
Duncan and Boswelle and was similar in structure to flu- 
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narizine and lidoflazine. Accordingly, work was under- 
taken to synthesize analogues of 1 and to investigate the 
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Chart I. Calcium Channel Blockere 
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HOAc, 23 OC. 

Scheme IVo 

43-46.115 

R - TS. C6HsCHz 

Ib c.d 

ring 

- -  m n -  

1 2 2 0 4  

3 3 2 0 3  

3 4 2 1 3  

3 5 1 0 3  

1 3  36 1 

20: R = H.X * CONHi ' 6 2 9  R I COKH3, X I CONHi 

3 0  R COgH3, X NHCOlCHl 

'L 31: R I H.X I NH' 

Reagenta and reaction conditions: (a) NaH, MepSO, 55-80 OC, 
16-18 h; (b) 48% HBr, phenol, reflux, 2-4 h; (c) CICOnCeHs, 
KHC08, CHCIa, reflux, 16 h; (d) 86% NHpNHa, reflux, 16 h; (e) for 

Br,, 50% NaOH, MeOH, reflux, 16 h; (h) 50% NaOH, MeOH, re- 
flux, 16 h. 

Chemistry 
The preparation of 2-(2-bromoethoxy)naphthalene (2)'O 

and the (ary1oxy)chloropropane intermediates 3 and 4 is 
described in the Experimental Section. The preparation 
of other (ary1oxy)chloropropanes used in this work was 
described previously by Walsh et al." 

32,9096 H&J04,86 'C, 16 h; ( f )  ClCO&Hs, CH&ls, 23 OC, 16 h; (e) 
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Table I. Piperidine, Pyrrolidine, and Pyridine Intermediatan 
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'Compounds were analyzed for C, H, and N,and the reeulta were within +0.4% of theoretical values. A microanalyeis WM not performed on compoundr 14, 
96,50, and 66. bRecry&allization solvents: k = methanol, 1 = ethanol, m = 2-propanol, n - diethyl ether, o = diisopropyl ether, p = acetonitrile, q = heunw, 
r - methylene chloride, II - ligroin, t - acetone, u - ethyl acetate, v - trituration with diethyl ether, and w - purification by flash chromatography on SiOe 
r b t t e m  refer to the method8 of preparation in the Experimental Section. dReference 9. 'Fumarate. !Crude yield. A rmall portion of the crude material w u  
wed to prepare the analytical sample. T h e  remainder of the crude prguct  WM wed in the next step of the reaction sequence without further purification. 
'Reference 16; lit. mp 158-160 OC. hCH2 bonded to heterocyclic ring. 'Reference 16; lit. mp 259-261 OC. 'Crude yield. A microanal ir WM not obtained for 

ether. "Maleate. OTr = p-toluenwulfonyl group. PReference 19. qReference 20. 'Reference 21; lit. mp 85.5 OC. 'In a subeequent preparation with the m e  
method, a 78% yield WM obtained, mp 87-89 OC. $Reference 22; lit. mp 114-115 OC. NMR indicated that ca. 60% of the crude product WM 66, The 
remainder WM a mixture of isomers. uReference 23; lit. mp 188-190 OC. 
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Four synthetic routes (Schemes I-IV) were used to 
prepare the key piperidine and pyrrolidine intermediates 

6-16,17,26-28, and 31-36 in Table I. In the first route 
as shown Scheme I, ester 47 or ketone 48 was reacted with 
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Soheme V* 

N-(CHZ),Y-Ar C + X(CH2)nY-Ar d 

n = 2-6 

X = Br. CI 

Y = 0, S, $02. CH2 

CNH 
OReagente and reaction conditions: (a) NaHCOa or NapCOa or 

K&Oa, KI(trace), 1-butanol, reflux, 8-30 h. 

an aryl Grignard reagent or with 2-pyridyllithium to give 
alcohols 21-25 and 116 in good yield. Heating a solution 
of 22 or 24 in 48% HBr at reflux12 gave 4-(diaryl- 
methy1ene)piperidines 26 and 27, respectively. These were 
subsequently reduced with HI/phosphorus or 12/phos- 
phorus in boiling acetic acid to give 4-(diarylmethyl)- 
piperidines 6 and 11. The other alcohols 21, 23, and 25 
were converted directly to alkylpiperidines 7,8, and 15, 
respectively, by heating them at reflux with HI/phos- 
phorue in acetic acid. An attempt to convert 116 to alkane 
10 by this latter method failed and gave alkene 117 as the 
only isolated product. Accordingly, another route (Scheme 
11) was employed to prepare tetrafluoro analogues 9 and 
10 and several other intermediates. 

As shown in Scheme 11, reacting 4-pyridinecarbox- 
aldehyde with l,&difluorobenzene, l,3-difluorobenzene, 
anisole, or toluene in concentrated H2S04 at 70 OCIg gave 
the 44diarylmethyl)pyridines 52-55. Reducing these 
catalytically with H2 over Pt/C or Pd/C yielded piperi- 
dines 9, 10, 12, and 13. Oxidizing 53 (R = 3,4-F2) by the 
method of Kress and Moore" gave an 80% yield of 58, 
which was reacted with H2 over Pt/C to furnish alcohol 
113." 

Intermediate 17 was prepared from the 4-pyridine- 
ethanol 114 as shown in Scheme 111. The reaction of 4- 
picolyllithium with 4,4'-difluorobenzophenone produced 
114." Reacting 114 with HI/phosphorus in boiling acetic 
acid afforded ethylpyridine 51, which was readily converted 
to 17 by hydrogenation over Pd/C. 

In a related procedure (Scheme 111), reacting 444- 
fluorobenzoy1)pyridine with cyclohexyhagnegium chloride 
and 4-benzoylpyridine with (4-fluoropheny1)magnesium 
bromide produced pyridinemethanols 56 and 57, respec- 
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Scheme VIo 

19 6 

x nr 
85 0 Z - C H J O - ~ - C O ~ C H ~ C ~ H ~  

87 0 2-CH304-CNC6H) 

102 0 1-naphthyl 

103 0 &naphthyl 

106 NCH3 G H s  

a Reagents and reaction conditione (a) 3-bromc+l-propanol, 
NaHCOa, 1-butanol, reflux, 21 h; (b) SOCl,, reflux, 6 h; (c) X = 0, 

(neat), 100 "C, 30 h. 

tively. These were converted to methylpyridines 49 and 
50; 50 was subjected to a low-pressure (45 psi) catalytic 
hydrogenation over Pd/C to give an 85% yield of me- 
thylpiperidine 5. An attempt to hydrogenate the more 
sterically hindered cyclohexyl analogue 49 under the same 
conditions failed, with only the starting material being 
recovered. Accordingly, a high-pressure (700 psi) catalytic 
hydrogenation over Pt/C was required to convert 49 to 14, 
which was obtained in a 55% yield. 

Nitriles 32-36, amide 28, and amino analogue 31 were 
prepared by the synthetic route depicted in Scheme IV. 
Reacting 43-46 and 115% with the sodium salt of 4- 
fluoro-a-(4-fluorophenyl)benzeneacetonitrile in M e a 0  
gave the N-tosyl compounds 37-40 and N-benzyl com- 
pound 41. Treating 37-40 with 48% HBr at reflux re- 
moved the N-tosyl group to give 32-35. Reacting 41 with 
phenyl chloroformate and treating the resulting carbamate 
42 (Table I) with hydrazine furnished 36. Hydration of 
32 with 90% H#04 afforded amide 28. Finally, converting 
28 to methoxycarbonyl derivative 29, subjecting 29 to a 
Hofmann rearrangement to give 30, and then hydrolyzing 
30 with 50% NaOH in MeOH produced amino analogue 
31. 

Most of the target compounds in Tables 11-IV were 
prepared as shown in Scheme V. In this procedure the 
piperidine or pyrrolidine intermediate was heated with ah 
alkyl halide and an inorganic base in 1-butanol to give the 
desired target compound, usually in good yield. Five 
compounds in Table 111, however, were prepared by an- 
other route as shown in Scheme VI. In this procedure 
piperidine 6 was converted to chloropropyl intermediate 
19. This was then reacted with the appropriate sodium 
phenoxide or naphthoxide in M e a 0  to give ethers 85,87, 
102, and 103. Alternatively, reacting 19 with neat N- 
methylaniline at 100 OC afforded the diamino compound 
106. 
Results and Discussion 

The compounds in Tables 11-IV were evaluated for 
calcium-channel-blocking activity by determining their 
ability to inhibit concentration-dependent, calcium-in- 
duced contractions of isolated rabbit aortic strips. As 
shown in Table 11, the lead compound 1 waa more potent 
(larger pA2 value) than verapamil, diltiazem, flunarizine, 

M H ,  NaH, MefSO, 50-66 OC; 16 h; (d) X = NCHB, C&NHCH, 

(24) 4-Methylphenyl~ulfonic acid ester with 1-[(4-mrthyl- 
benzene)eulfonyl]-4.piperidinol. See ref 11. 
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Table 11. Calcium-Channel-Blocking Activity in Rabbit Aortic Strip and Antihypertensive Activity in Spontaneously Hypertensive Rata (SHR) 
of rl-Suktituted-N-[ (sacety1-2-metho.rphenoxy)alkyllpiperid~es 
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SHR, 46 
method 9% Caz+ 

no. Y R’ X n formula” mp, OC ( ~ 0 1 ~ ) ~  of prepc yield pAzd 0.5-2 h 3-6 h 
1 4-F 4-FCJ44 CH 3 C & ~ F Z N O ~ * ~ . ~ C ~ H ~ O ( ~  163-164.5 (mo) HH 72 8.8 -15* -225 

1Sr H C8HS CH 3 C&SNO&H204 153-155 (9) 64 8.2 -20 -12 
60 4-F C a s  CH 3 C&aFNOg.CzHz04 161-163 (kn) HH 69 8.2 -8 -12 
61 3-F 3-FCJ44 CH 3 C&mFzNO~*C~H40( 181-182 (knp) HH 40 8.5 -112 -95 

62 3,4-F2 4-FCeH4 CH 3 C&=FsNO&H204 170-171 (kn) HH 73 8.9 -27* -305 
63 3,4-Fz 3,4-F2CeHS CH 3 C&alF4NOs.HCl.0.5HzO 171-174 (kn) HH 63 8.6 -28. -35+ 
64 2,4-F2 2,4-F2CeHa CH 3 C&SIF4NOS.C2HZO4 151-153 (kn) HH 58 7.8 -125 -16. 
61 441 4-ClCeH4 CH 3 C&~Cl~NO~*CZHzO4.0.5H20 169171 (kn) HH 30 8.6 -3 -95 
66 4-CH3 4-CHBCJ44 CH 3 CaHdOs.0.25H20 oil HH 30 7.8 +3 -2 
67 4-CH80 4-CHsOCeH4 CH 3 Cg2HJdO&HZO4 163.4-166 (kn) HH 27 8.0 +2 +1 

Oil HH 74 8.3 +3 -6 
oil HH 62 6.8 -3 +3 

68 4-F cyclohexyl CH 3 C&IoFNOs 
69 4-F 2-pyridyl CH 3 C&~FNZO,y0.25HzO 
70 4-F H CH 3 CuHfiNOsC4H4Ot 113-114.5 (kn) HH 67 7.7 -75 -45 

71 47F 4-FCJ44 CHCHfi’ 3 C.qHd2NO&4H4O(f 156-157 (kn) HH 64 8.5 -135 -10‘ 
129-131 (8) HH 27 8.2 -4 0 
oil HH 31 8.6 -16* -21* 

72 4-F 4-FCJ44 CH 2 C&SlFZNOS 
73 4-F 4-FCJ44 CH 4 CalH#ZN0@.5HzO 
74 4-F 4-FCeH4 CH 5 C~H~F2NOs.0.5HzO oil HH 26 8.5 -6 -13* 
71  4-F 4-FCa4 CH 6 CmHsoFzNOs oil HH 54 8.2 -10 -22 
76’ 4-F 4-FCJ44 C(OH) 3 CdSSFZNO4 147-149 (m) 75 8.0 -5 -9 
77‘ 3,4-Fz 3,dF&HS C(0H) 3 C&SIF4NO4 143-146 (m) 48 8.6 -5 -24’ 
78 4-F 4-FCJ44 C- 3 C&s1FzNO&4H4OJ 182-183 (kn) HH 23 8.4 -95 -12d 
79 4-F 4-FCJ44 C(CN) 3 C~~H~~FZN~O~~C~H~O~.O.~SH~O 158-160 (kn) HH 52 8.7 -17* -26*j 
80 4-F 4-FC6H4 C(CONH2) 3 CslH~FzNP04.0.5C4H40J.0.5Hz0 258-260dec (kn) HH 67 7.6 +3 +5 
81 4-F 4-FCeH4 C(NHJ 3 C ~ C ~ F Z N Z O ~ . ~ C ~ H ~ O ~ ’ ~ H ~ O  124-128 (k) HH 61 7.5 +1 -LO* 

7.7 -14* -13* diltiazem 
verapamil 8.0 -19. -22. 
nifedipine 9.8 -30+ -35+ 
lidokine 7.5 -9 -95 
flunarizine 8.3 -1 -1 
a All compounds were analyzed for C, H, and N, and the reaulta were within kO.4W of theoretical values. Recrystallization eolventn: k - methanol, 

1 = ethanol, m = 2-propanol, n = diethyl ether, o = diiiopropyl ether, p = acetonitrile, q = 4-methyl-2-pentanone, r = methylene chloride, and s = 
trituration with diethyl ether. O h  and g k  were puriried by column or tlaah chromatography on SiOz. Letters refer to the method of preparation 
described in the Experimental Section. dAntagonism of concentration-dependent, CaCITinduced contractions of KC1-depolarized rabbit aortic strips. 
See Experimental Section for details. Average percent change from predoae mean arterial blood pressure of conscious SHR, 0.5-2 h and 3-6 h after 
dosing !30 mg/kg, po). Starred values (*) indicate reductions in MABP that were statistically significant (p x0.05) from pretreatment valum an 
deterrmned by a one-tailed. t teat for a observations. Unless otherwise indicated, n = 3-6 rata. See Experimental Section for details. /Fumarate. 

NN 43 7.2 -3 -7 82 4-F 4-FCeH4 C(NHC0CHS) 3 C~ZH&’~N204*0.2SH20 g k s  

‘Reference li. hMaleate. “CH2 boided to piperidine ring. jn = 11 rata. 

and lidoflazine, but less potent than nifedipine in this 
assay. Also, as shown with compounds 59-71 and 76-82 
in Table 11, changes in the diarylmethyl group of 1 had 
a large effect on the calcium-channel-blocking activity. For 
X, the group linking the two aryl substituents to the pi- 
peridine ring, the potency decreased in the following order: 

(CONHJ (80), C(NH2) (81) > C(NHC0CHJ (82). The 
only exception to this order was bis(3,4-difluorophenyl)- 
methanol 77, which was similar in potency to benzhydryl 
compound 63. Finally, 1 was slightly more potent than 
its one-carbon homologue 71. 

Substituents on the benzene rings of the benzhydryl 
group had a large effect on the activity. Compounds with 
fluoro substituents in the 3- and/or 4-positions of both 
benzene rings of the benzhydryl group (1 and 61-63) were 
more potent than the monofluoro (60) and unsubstituted 
(59) analogues. In contrast, 64, the bis(2,4-difluoro- 
pheny1)methyl compound, was less potent than 1,59, and 
63, which indicated that fluoro substituents in the 2- and 
2‘-positions of the benzhydryl group were not well-toler- 
ated. 4,4’-Dichloro analogue 65 was similar in potency to 
1, but the 4,4‘-dimethyl (66) and the 4,4’-dimethoxy (67) 
analogues were less potent. 

Replacing one of the benzene rings of the benzhydryl 
moiety with another group had varying effects on the 
potency. The cyclohexyl analogue 68 was similar in po- 
tency to 60. On the other hand, 2-pyridyl analogue 69 was 

X = CH (l), C(CN) (79) > C= (78) > C(OH) (76) > C- 

considerably less potent than 60, and was one of the least 
active target compounds prepared in this project. Re- 
placing the phenyl group in 60 with hydrogen gave 70, 
which was less potent than 60, but was similar in potency 
to lidoflazine. 

As shown with 1 and 72-75 in Table 11, changing the 
distance between the piperidine nitrogen and the phenoxy 
group affected the potency. The optimum distance ap- 
peared to be that in propyl compound 1. Enyl homologue 
72 was less potent. Also, as the chain length was succes- 
sively increased from propyl (1) to hexyl (73-76), the po- 
tency decreased. 

Compounds 1, 83-99, and 104 in Table I11 show the 
effect that substituents on the phenoxy ring had on cal- 
cium-channel-blocking activity. Compound 104 with an 
unsubstituted phenoxy ring was equipotent to 4-acetyl-2- 
methoxy analogue 1. The following modifications of the 
phenoxy group of 1 had no appreciable effect on the po- 
tency: replacing the 4-acetyl group with an ethyl (84), a 
carbomethoxy (85), a cyano group (87), or with hydrogen 
(99); replacing the 2-methoxy group with hydrogen (89); 
and moving the 2-methoxy group to the 3-position (88). 
However, reducing the 4-acetyl group in I to an alcohol 
(83) led to a 6-fold decrease in the potency, whereas re- 
placing the 4-acetyl group with a carboxy group (86) pro- 
duced a 50-fold reduction in the potency. 

Comparing 104 with 90-98 shows that a fluoro (92), 
chloro (93), bromo (94), tert-butyl (961, or methoxy (98) 
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Table 111. Calcium-Channel-Blocking Activity in Rabbit Aortic Strips and Antihypertensive Activity in Spontaneously Hypertensive 
Rata (SHR) of 4-(Diarylmethyl)-N-substituted-piperidines 

Shanklin et al. 

method % Caz+ AMAkp 
no. X n Y 2 formulaa mp, OC (solv)* of prepc yield pAzd 0.5-2 h 3-6 h 

1 F 3 0 2-OCH3,IbCOCHS 8.8 -152 -225 
83 F 3 0 2-OCHa,CCH(OH)CHg C&Ia2NOS 132-135 (nr) LL 49 8.0 -14* 4' 
84 F 3 0 2-OCHS, 4-CHzChS C&I~FZNOzC2H204 185-186 (kn) HH 73 8.6 -9* -7 
85 F 3 0 2-OCH3,4-COzCHs C&I$ZNO4 oil JJ 72 8.9 -4 -2 

87 F 3 0 2-OCHa94-CN C&goFzN202.0.25HzO oil JJ 46 8.7 -3 -9* 
86 F 3 0 2-OCHS,4-COzH C&,1FzNO4.0.5H20 123-126 (8 )  MM 62 7.1 +9 0 

89 F 3 0 4-COCHs C&SlFZNOZ*CZH204 141-143 (kn) HH 75 8.6 -1 0 

92 F 3 0 4-F CnH2sFSNO 

88 F 3 0 3-OCH3,4-COCHs C&ISSF2NOS'CZH204 190.5-191 (kn) HH 60 8.5 -5 -11. 

90 F 3 0 4-CONHz ClaHgoFzNz0z~1.5C4H404~ 193-194 (kn) HH 58 7.5 -3 -8 
91 F 3 0 4-CN c&282NZo'c4H404g 167-168 (kn) HH 53 8.3 +8 -11 

oil HH 53 8.9 -2 -8 
169-170 (kn) HH 45 8.7 -151 -252 

94 F 3 0 4-Br CnH&rFzN0.C4H404g 185-186 (kn) HH 79 8.8 -3 -17 
93 F 3 0 4-C1 CnH&lFZNO.C4H40( 

95 F 3 0 4-C(CHs)a CslH~FzNO~C4H404~0.5H20 194-196 dec (kn) HH 55 9.0 -15* -10. 
96 F 3 0 4-NHz CnHgoFzNz0~C4H40~0.5Hz0 121.5-124 (kn) 00 72 7.5 -5 -8 
97 F 3 0 4-NHCOCHS C&~FzNZOz-HBr 223-225 (kn) HH 44 7.9 -12 -12 
98 F 3 0 4-OCHs CaHgiF2NOz*C4H404a 172-173 (kn) HH 64 8.6 -2 -3 
99 F 3 0 2-OCHs CleHs1FzNoz oil HH 34 8.6 -4 -1 

100 F 2 0 i3 C&J?2NO.HCl 155-158 (kn) I1 64 7.9 -19* -27* 

101 F 2 0 C&128ZNO*CZH204 168-171 (kn) I1 62 8.4 -16 -30* 

102 F 3 0 ;3 Cs1Hs1FzNO~HBr~0.5Hz0 219-223 dec (kn) JJ 19 8.3 -6 -7* 

103 F 3 0 :3 Cs1HS1FzNO*0.5HzO oil JJ 32 8.1 -7 -4 

104 F 3 0 H C2'7H2ZN@CZHZ04 178-181 (kn) I1 60 8.8 -1 -2 
105 F 3 CHZ H CzaHaiFzN.CzH204 18S190 (kn) HH 51 8.6 -5 -9* 
106 F 3 NCHa H CzaHszFzNz oil KK 44 8.7 -3 -6 
107 F 3 S H CnHgzNS*CdHBO,h 149.5-151 (kn) HH 78 8.5 -5 -3 
108 F 3 SO2 H CnHppFzNO&1.5C4H404a 172-173 (mn) HH 26 7.7 +2 +3 
O* See corresponding footnotee in Table 11. f n = 8 rata. #Fumarate. Citrate. 

Table IV. Calcium-Channel-Blocking Activity in Rabbit Aortic Strips and Antihypertensive Activity in Spontaneously Hypertensive 
Rata (SHR) of 3- and 4 - S u b e t i t u t e d - N - [ 3 - ~ 4 - a c e t y l - 2 - m e t h o . y p h r o l i d i n e s  and -piperidines 

SHR, % 
ring method % Ca*+ AMABF 

no. m n position formulao mp, OC (s01v)~ of prepC yield pAnd 0.5-2 h 3-8 h 
79 0 2 4 8.7 -17. -26'f 

VlABF 
no. m n position formulao mp, OC (s01v)~ of prepC yield pAnd 0.5-2 h 3-8 h 
79 0 2 4 8.7 -17. -26'f 

109 0 2 3 C~1H~~F~NzO~.C~H~O~~HzO 108-109 (kn) HH 17 8.1 +5 +9 
110 1 2 3 C~~H~FzNZ0~*0.25H~O oil HH 60 7.9 +2 -EJ 
111 0 1 3 C&~~'~N~OS.O.~~HZO oil HH 68 8.2 -2 +1 
112 1 1 3 CsiHszFzNzOs oil HH 52 8.0 +3 -7 

O*See corresponding footnotes in Table 11. f n  = 11 rata. gn = 8 rata. 

substituent in the 4-position of the phenoxy ring had little 
effect on the potency. However, the 4-carbamoyl (901, 
Ccyano (91), 4-aminO (96), and 4-acetamido (97) analogues 
were less potent than 104. Also, the naphthoxy compounds 
100-103 were less potent than 104. 

Replacing the oxygen atom of the phenoxy group in 104 
with CHz (lo@, N(CH3) (106), or S (107) (Table 111) had 
little, if any, effect on the calcium-channel-blocking ac- 
tivity. However, replacing the oxygen with SOz (108) 
produced an 13-fold reduction in potency. 

The compounds in Table IV were prepared in order to 
determine if the calcium-channel-blocking activity would 
be affected by moving the diarylmethyl group to the 3- 
position of the piperidine ring or by changing the piper- 
idine to a pyrrolidine ring. As shown in Table IV, 4- 

piperidyl compound 79 waa more potent than 3-isomer 109, 
the one-carbon homologue of 109 (1101, and 3-pyrrolidinyl 
compounds 111 and 112. 

Compounds were evaluated for antihypertensive activity 
in spontaneously hypertensive rata (SHR) at an oral dose 
of 30 mg/kg. Only compounds that produced a statistically 
significant 0, < 0.05) reduction in blood pressure that waa 
greater than 10% at 0.5-2 h or 3-6 h after administration 
were considered to be active. Of the 55 target compounds 
in Tables II-IV that were tested, 17 met these criteria, but 
only nine of these produced a reduction in blood pressure 
greater than 20%. Also, many compounds that were po- 
tent calcium channel blockers in vitro, were inactive in the 
SHR. 

The antihypertensive activity was very sensitive to 



4- (Diarylmethyl) - 1 - [3-(aryloxy)propyl]piperidines 
changes in the diarylmethyl portion of the molecule. As 
shown with 1, 59-71, and 76-82 in Table 11, four struc- 
ture-activity relationships were observed. First, only 
compounds with fluoro substituents in both rings of the 
diphenylmethyl group were active. For the benzhydryl 
compounds 1 and 61-64, the activity decreased in the 
following order: 3,3’,4,4’-tetrafluoro (63) = 3,4,4‘-trifluoro 
(62) > 4,4’-difluoro (1) = 2,2’,4,4’-tetrafluoro (64) > 3,3’- 
difluoro (61). For the benzhydrols, bis(3,Cdifluorophenyl) 
compound 77 was active, whereas bis(4-fluokophenyl) 
analogue 76 was inactive. Second, comparing 1 with 68-70 
shows that replacing one of the Cfluorophenyl groups with 
a cyclohexyl or a 2-pyridyl group or with a hydrogen 
abolished the antihypertensive activity. Third, as shown 
with 1,63,71, and 76-82, the most active compounds were 
those with X = CH (1 and 63) and C(CN) (79). When X 
was another group, the activity was greatly reduced or 
abolished. Fourth, comparing 79 with 109 in Table IV 
illustrates that moving the diarylmethyl group to the 3- 
position of the piperidine ring eliminated the antihyper- 
tensive activity. Also, the one-carbon homologue of 109 
(110) as well as pyrrolidine analogues 111 and 112 were 
inactive (Table IV). 

The antihypertensive activity was also affected by 
changing the distance between the piperidine nitrogen and 
the phenoxy group. The propyl (1) and butyl (73) ho- 
mologues (Table 11) were similar in activity. On the other 
hand, pentyl homologue 74 was less active, and the ethyl 
(72) and hexyl (75) homologues were inactive. 

Changes in the aryloxy group had a large effect on the 
antihypertensive activity. Compound 104 (Table 111) with 
no substituents on the phenoxy group was inactive. Of the 
11 derivatives of 104 that contained only one substituent 
on the phenoxy ring (89-99), only 93 (Z = 4 4 1 )  and 95 (Z 
= 4-C(CH3)3) were effective in lowering blood pressure. 
The most active compound in Table I11 with two sub- 
stituents on the phenoxy ring was 1, which was similar in 
activity to 93. Reducing the 4-acetyl group of 1 to an 
alcohol (83) or moving the 2-methoxy group to the 3- 
position (88) decreased the activity. Replacing the Cacetyl 
group with an ethyl (841, carbomethoxy (85), carboxy (86), 
or cyano (87) group abolished the activity. Finally, 
naphthoxy compounds 100 and 101 (n = 2) were very 
effective in lowering blood pressure in the SHR. However, 
homologues 102 and 103 (n = 3) were inactive. 

At  an oral dose of 30 mg/kg, one of the most effective 
antihypertensive agents in this series was 63, which pro- 
duced a 35% reduction in blood pressure in the SHR. This 
compound was more active than verapamil, diltiazem, 
flunarazine, and lidoflazine, but similar in activity to 
nifedipine. On the other hand, the lead compound, 1, 
produced a 22% reduction in blood pressure and was 
similar in activity to verapamil. 

Seven compounds that showed good activity in the SHR 
at 30 mg/kg were tested at lower dosesem At an oral dose 
of 20 mg/kg, 1,63,73,93,100, and 101 produced reduc- 
tions in blood pressure of 19-28%,3-6 h after dosing; 79 
gave only a 14% reduction. At  an oral dose of 10 mg/kg, 
73, 93, and 101 produced 17-23% reductions in blood 
pressure, but the remaining four compounds were inactive. 
Finally, at an oral dose of 3 mg/kg, only 93 was active, 
producing an 11 % reduction in blood pressure. Although 
63 was one of the most effective antihypertensive agents 
at our screening dose of 30 mg/kg, it was not one of the 
best compounds at lower doses. Compound 93 gave a 
better dose-response profile than 63 and was effective in 

(25) Data not presented. 
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lowering blood pressure at oral doses of 10 (17% reduction 
in blood pressure) and 3 mg/kg;= 63 was inactive at 10 

An examination of the data in Tables 11-IV indicates 
that there was a poor correlation between the calcium- 
channel-blocking activity, in vitro, and the antihyperten- 
sive activity in the SHR with oral administration of the 
compounds. For example, 65,84,87,89,92,94,98,99, and 
104-107 were similar in potency to 63 in the calcium- 
channel-blocking assay, but were inactive in the SHR. 
Also, in several cases small changes in the structure of a 
compound had little effect on the calcium-channel-blocking 
activity, but abolished the antihypertensive activity (1 vs 
65,85,87,89,99, and 104; 93 vs 92 and 94; and 100 and 
101 vs 102 and 103). These data suggest that many com- 
pounds that were inactive in our SHR test were either 
poorly absorbed or rapidly converted to inactive metabo- 
lites. This was supported by the fact that compounds 60, 

which were inactive in our SHR model, produced a 
3040% reduction in blood pressure when administered 
to normotensive, anesthetized dogs at an intravenous dose 
of 1 mg/kg.25 

In additional studies, 1,62,63,93, and 95 were effective 
in inhibiting [3H]nimodipine binding to voltage-sensitive 
calcium channels on rabbit skeletal muscle membranes 
(ICm = 10-30 nM).= Also, compounds 1 (AHR-5360) and 
93 (AHR-12742) were subjected to additional pharmaco- 
logical and biochemical evaluation, and the results of this 
work were reported Finally, benzhydrolgl, 
which was a weaker calcium channel blocker than 1 and 
was inactive in the SHR with oral administration of the 
compound, produced interesting antiallergy activity in our 
passive foot anaphylaxis assay. Accordingly, Walsh et al. 
synthesized a series of benzhydrols for testing for antial- 
lergy activity, and this work was published earlier.” 

In summary, 4- (diarylmethyll- 1 - [ 3- (ary1oxy)propyll- 
piperidines and related compounds are a potent group of 
calcium channel blockers and may be useful for the 
treatment of hypertension and other cardiovascular dis- 
eases.29 Accordingly, we are continuing to investigate this 
class of compounds and will present some of this work in 
future publications. 
Experimental Section 

General Procedures. Melting points were determined in open 
capillary tubea on a Thomas-Hoover melting point apparatus and 
are uncorrected. ‘H NMR spectra were recorded on a Varian A-60 
or Varian EM-360L spectrometer with CDCI, or Me+30-ds being 
used as solvent and with Me,Si as an internal standard; I%! NMR 
spectra were recorded on a Varian FT-80A spectrometer with the 
same solvents. Chemical-ionization mass spectra were determined 
on a Varian MAT4 mass spectrometer with isobutane b e i i  used 
as the reagent gas; electron-impact mass spectra were determined 
on a Hitachi Perkin-Elmer RMU-6H mass spectrometer. IR 
spectra were recorded as KBr pellets on a Beckman IR8 or a 
Perkin-Elmer 297 IR spectrophotometer. The spectral data for 
all compounds were consistent with the assigned structures. 
Low-pressure catalytic hydrogenations were carried out on a Parr 

mg/kg* 

65,68-70,72,75,76,81,85,87,91,94, 103, and 110-112, 

(26) Proakis, A. G.; Shanklin, J. R., Jr.; Wright, K. F.; Strand, J. C.; 
Appell, K. C.; Sancilio, L. F. Cardiouasc. Drug Ther. 1987,1, 
277. 

(27) Barrett, R. J.; Proakis, A. G.; Berger, B. E.; Taylor, D. R.; 
Sancilio, L. F. Cardiouasc. Drug Ther. 1987, 1, 214. 

(28) Appell, K. C.; Barrett, R. J.; Proakis, A. G.; Shanklin, J. R., Jr. 
FASEB J .  1989,3, A6Ol; abstract 2177. 

(29) (a) Fleckensbin, A,; Fleckensbin-Grun, G.; Frey, M.; Zorn, J. 
Am. J .  Cardiol. l987,59,177B-187Ba (b) Boddeke, E.; Hug- 
tenburg, J.; Jap, W.; Heynis, J.; van Zwieten, P. Trends 
Pharmacol. Sci. 1989, 10, 397-400. 
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hydrogenation apparatus. High-preaeure catalytic hydrogenations 
were carried out on a Parr 4563M high-pressure hydrogenation 
Mini Reactor. Chromatographic purification of compounds was 
done with column chromatography on Florid or silica gel and 
with flash chromatography on silica gel. Elemental analyses were 
determined on a Perkin-Elmer Model 240 or a Control Equipment 
Corp. 240-XHA CHN analyzer; all compounds were analyzed for 
C, H, and N and gave results withiin 10.4% of theoretical values. 

The preparation of the following intermediates was described 
previously" 1-[4(3-chloropropoxy~-3-methoxyphenyl)ee, 
l-[4-(2-chloroethoxy)-3-methoxyphenyl]ethanone, 1-[4-(4- 
chlorobutoxy)-3-methoxyphenyl]ethanone, 1-[4-(5-chloropent- 
oxy)-3-methoxyphenyl]ethanone, 1-[4-[(6-chlorohexyl)oxy]-3- 
methoxyphenyllethanone, 1-[4-(3-chloropropoxy)-2-methoxy- 
phenyllethanone, 1- [4-(3-chloropropoxy)phenyl]ethanone, 443- 
chloropropoxy)benzamide, 4-(3-~hloropropoxy)benzonitrile, 1- 
(3-chloropropoxy)-4-fluorobenzene, l-chloro-4-(3-chloroprop- 
oxy)benzene, l-tert-butyl-4-(chloropropoxy)benzene, N-[4-(3- 
chloropropoxy)phenyl]acetamide, l-I3-chloropropoxy)-4-meth- 
oxybenzene, 1-(3-chloropropoxy)-2-methoxybenzene, a,a-bis(4- 
fluorophenyl)-4-piperidinemethanol, 4-(diphenylmethy1)- 
piperidine, and 444-fluorobenzoy1)pyridine. [ (3-Chloropropy1)- 
thiolbenzene, and [(3-chloropropyl)sulfonyl]benzene were syn- 
thesized by published procedures.go The synthesis of compounds 
59,76,77, and 113-115 was described previously.ll 4-Benzoyl- 
pyridine, l-chloro-4phenylbutane, and 3-phenoxypropyl bromide 
were commercially available. Diltiazem, verapamil, nifedipine, 
l idokine,  and flunarizine were obtained from Sigma Chemical 
co. 

Chemistry. Method A. 24  2-Bromoet hoxy )nap hthnlene 
(2).'O A mixture of 144.0 g (1.0 mol) of 2-naphthol and 56.1 g (1.0 
mol) of potassium hydroxide in 1 L of 95% ethanol was stirred 
at room temperature for 0.5 h. To this was added 935 g (5.0 mol) 
of 1,2-dibromoethane, and the mixture was heated at reflux ov- 
ernight. The solvent was removed in vacuo, and the residue was 
partitioned between CHCls and 10% NaOH. The organic phase 
was dried (NaaO,), and the solvent was removed in vacuo to give 
106.6 g (43%) of 2 as a brown solid. A small portion of this was 
recrystallized from diethyl ether to give an analytically pure 
sample of 2 as a light brown solid, mp 91.5-93 "C. Anal. (C12- 
Hl1BrO) C, H. 
1-(2-Bromoetho~y)naphthalene~~ was prepared by the same 

method. 
Method B. l-Bromo-4-(3-chloropropoxy)benzene (3). A 

mixture of 69.2 g (0.40 mol) of 4-bromophenol, 67.7 g (0.43 mol) 
of l-bromo-3-chloropropane, and 55.3 g (0.40 mol) of potassium 
carbonate in 500 mL of acetone was heated for 16 h at reflux. The 
solvent was removed in vacuo, and the residue was partitioned 
between CH2Clz and dilute NaOH. The organic layer was dried 
(NaaO,), and the solvent was removed in vacuo to give an oil. 
This was recrystallized from diisopmpyl ether to give 79.9 g (80%) 
of 3 as a white solid mp 47-48 OC. Anal. (C&IlarC1O) C, H. 

l-(3-Chloropropoxy)-4-ethyl-2-methoxybenzene (4) was also 
prepared by this method to give 4 as an oil (52%) after being 
purified by column chromatography on SiO* Anal. (C12H1,C103 
C, H. 

Method C. 1-(Phenylsulfonyl)-4-piperidinecarbolylic 
Acid Ethyl Ester (47). To a solution of 10.1 g (0.064 mol) of 
ethyl isonipecotate in 300 mL of pyridine and cooled in an ice 
bath was added 13.2 g (0.075 mol) of benzenesulfonyl chloride. 
The mixture was stirred for 2 h at room temperature, and the 
solvent was removed in vacuo. The residue was partitioned 
between CH2C12 and dilute NaOH. The CH2CI, solution was dried 
(MgSOJ, and the solvent was removed in vacuo to give a solid. 
This was recrystallized from ethanol-diethyl ether to give 4.59 
g (24%) of 47 as a crystalline solid, mp 85-86.5 OC. Anal. 
(CIIH~DNOIS) C, H, N. 

In another preparation of 47,100.0 g (0.63 mol) of ethyl iso- 
nipecotate and 130.2 g (0.74 mol) of benzenesulfonyl chloride in 
800 mL of pyridine were reacted by the above procedure for 4.5 
h haysblka t ion  from ethanol-diethyl ether gave 148.0 g (78%) 
of 47, mp 87-89 OC. 

Shanklin et al. 

Method D. ap-Bi8(3-fluoropheny~)-l-(phenyls~fonyl)- 
dpiperidinemethanol(21). To a mechanically stirred wy+on 
of 7.78 g (0.33 mol) of magnesium avningS and a crystal of i h e  
in 800 mL of anhydrous diethyl ether and under an atmosphere 
of nitrogen was slowly added a solution of 51.98 g (0.30 mol) of 
1-brome3-fluorobenzene in 200 mL of diethyl ether. The mirture 
was stirred for 1.5 h, and 30.6 g (0.10 mol) of 47 was added as 
a solid. Anhydrous THF (300 mL) was added, and the mixture 
was stirred at room temperature for 12 h The mirturewas poured 
into an icy solution of NH,CL The aqueous mirture was extmctd 
with CH2C12, and the CH2C12 solution was dried (MgSO,). The 
solvent was removed in vacuo, and the resulting residue was 
recrystallized from diethyl ether to give 24.14 g (53%) of 21 as 
a white, crystalline solid, mp 183-185 OC. Anal. (C,Hd&IO#) 
C, H, N. 

Method E. (4-Fluorophenyl)[l-(phenylsulfonyl)-4- 
piperidinyl]methanone (48). A mixture of 53.3 g (0.22 mol) 
of 4-(4fluorobenzoyl)piperidine hydrochlorides1 and 44.0 g (0.25 
mol) of benzenesulfonyl chloride in 500 mL of pyridine was stirred 
at room temperature overnight. The solvent was removed in 
vacuo, and the residue was partitioned between CH2CI, and dilute 
NaOH. The CH2C12 solution was extracted with dilute HaO, 
and was dried (MgSO,). The volume was reduced in vacuo to 
400 mL, hexane was added, and 39.2 g (51%) of 48 was collected 
as a white, crystalline solid, mp 156.5-158 OC. Anal. ( C 1 & F -  

Method F. a-(3,4-Difluorophenyl)-a-(4-fluorophenyl)- 
l-(phenybulfonyl)-dpi~ri~nemetbanol(23). A three-neck, 
round-bottom flask, equipped with a mechanical stirrer, flushed 
with nitrogen, and containing 3.74 g (0.154 mol) of magnesium 
turnings, was dried with a Bunsen burner. After the flask had 
cooled, 600 mL of THF (dried over molecular sieves 5A) was 
added. To this mechanically stirred mixture waa slowly added 
a solution of 29.4 g (0.152 mol) of 4-bromo-l,2-difluorobenzene 
in 50 mL of THF. The mixture was stirred for 1 h, and 45.11 
g (0.130 mol) of 48 was added as a solid. The solution was stirred 
at ambient temperature for 3 h and was poured into an icy, 
aqueous solution of NH4Cl. The aqueous mixture was extracted 
with CHzC12, the CH2Clz solution was dried (MgSO,), and the 
solvent was removed in vacuo. The residue was recryetalliped from 
CH&4-hexanea to give 58.89 g (83 9% ) of 23. A small sample was 
recrystallized from a mixture of CH2Clz-diethyl ethel-hexanes 
to give an analytically pure sample of 23, mp 97-99 OC. Anal. 

Met hod G. a- (4-Fluorophenyl)-a-[ 1- (phenylsulfonyl)-4- 
piperidinyl]-2-pyridinemethnnol(25). To a solution of 9.26 
g (0.059 mol) of 2-bromopyridine in 260 mL of THF (dried over 
molecular sieves SA), cooled to 4 5  OC and under an atmosphere 
of nitrogen, was slowly added 5.6 mL (0.059 mol) of a 10.5 M 
solution of n-butyllithium in hexanes. The mixture waa stirred 
at 4 5  OC for 1 h, and 18.2 g (0.053 mol) of 48 was added as a d i d .  
The solution was warmed to room temperature and then was 
stirred for 72 h. The solvent was removed in vacuo, and the 
residue was partitioned between CHCla and water. The organic 
phase was dried (N@O$, and the solvent was removed in vacuo 
to give a brown oil. This was subjected to flash chromatography 
on SiOl with 3040% ethyl acetate in hexanes being uaed as the 
eluent. The resulting white solid was tritureted with diethyl ether 
to give 12.12 g (54%) of 25, mp 1-163 OC. Anal. (ce9HPJFN408s) 
C, H, N. 

Method H. a-Cyclohe.yl-a-(4-flu0rophenyl)-4-pyridine- 
methanol (56). To a magnetically stirred solution of 23.4 g (0.117 
mol) of 4-(4-fl~orobenzoyl)pyridine~~ in 400 mL of THF (dried 
over molecular sieves 4A), cooled in an ice bath and under an 
atmosphere of nitrogen, was slowly added 70 mL (0.140 mol) of 
a 2 M solution of cyclohexylmagnesium chloride in diethyl ether. 
The solution waa Stirred at room temperature for 0.5 h and then 
was heated at reflux for 4 h. An aqueous solution of NH,Cl waa 
added, and the solvent was removed in vacuo. The residue was 
partitioned between CHCg and water, and the organic phase was 
dried ( N a O J .  The solvent waa removed in vacuo to give a brown 

NOsS) C, H, N. 

(CuHaFsNOSS) C, H, N. 

(30) Zimmerman, H. E.; ThyagarGan, B. S. J.  Am. Chem. SOC. 
1960,82, 2505-2511. 

(31) Duncan, R. L., Jr.; Heleley, C. C.; Weletead, W. J., Jr.; Da- 
Vanzo, J. P.; Funderburk, w. H.; Lunsford, C. D. J. Med. 
Chem. 1970, 13, 1-6. 
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oil. Trituration with diethyl ether gave 17.67 g (53%) of 56 as 
a white, crystalline solid, mp 165-167 "C. Anal. (C18H&NO) 
C, H, N. 

Compound 57 waa prepared by the same procedure except that 
(4-fluoropheny1)magnesium bromide was reacted with 4- 
benzoylpyridine. 

Method I. 4-[Bis(2,4-difluorophenyl)methyl]pyridine 
Hydrochloride (52). To a mechanically stirred solution of 45.6 
g (0.40 mol) of 1,3-difluorobenzene in 40 mL of concentrated 
HzS04 at 0 "C was slowly added 21.4 g (0.20 mol) of 4- 
pyridinecarbo~aldehyde.~~ The mixture was warmed to room 
temperature, was heated at 70 "C overnight, and then was poured 
over ice. The icy mixture was made basic with 50% NaOH and 
then was extracted with CHC1,. The organic phase was extracted 
with 5% NaOH and dried (NafiOJ. The solvent was removed 
in vacuo to give 28.3 g (45%) of the nonsalt form of 52 aa a colorless 
oil. A 1.0-g sample of this was converted to the HCl salt, and the 
ealt was recrystallized from 2-propanol-diethyl ether to give 0.97 
g of 52 as a white, crystalline solid, mp 218-222 "C. Anal. 

Method J. l-[(4-Methylphenyl)sulfonyl]-3-piperidinol 
dMethylbenzenesulfonate Ester (43). A solution of 73.5 g (0.73 
mol) of 3-hydroxypiperidine and 350.0 g (1.84 mol) of p- 

(C&11F,N*HCl) C, H, N. 

toluenesulfonyl chloride in 1 L of pyridine was stirred at room 
temperature for 17.5 h. The solution waa diluted with 1 L of water, 
and the aqueous mixture was extracted with several portions of 
CH2C11. The CHIClz solution was extracted with dilute HzSO4 
and was dried (MgS04). The solvent was removed in vacuo to 
give an oil. This was recrystallized from CHzCll-diethyl ether 
to give 301.4 g (101%) of a yellow solid, mp 131-133 "C. A 12.7-g 
sample of this was recrystallized from CH2Clz-diethyl ether to 
give 9.31 g of an analytically pure sample of 43, mp 132-133 "C. 
Anal. (Cl8HzsNO6Sz) C, H, N. 

Method K. a,a-Bis(4-fluorophenyl)-1-[(4-methyl- 
phenyl)aulfonyl]-4-piperidineac8tonitrile (37). A suspension 
of 4.90 g (0.123 mol) of a 60% dispersion of NaH in mineral oil 
(washed with hexanes) and 28.0 g (0.122 mol) of 4-fluoro-a-(4- 
fluorophenyl)benzeneacetonitrileaz in 400 mL of MeSO (dried 
over molecular sieves 4A) and under an atmosphere of nitrogen 
was stirred for 1 h at room temperature. Then, 50.0 g (0.122 mol) 
of 4-methylphenylsulfonic acid ester with 1-[ (4-methyl- 
benzene)~ulfonyl]-4-piperidinol~~ (115) was added as a solid, and 
the mixture was stirred for 15 h at 60 "C. The solvent was 
removed in vacuo, and the residue was partitioned between CHCla 
and 5% NaOH. The organic phase was dried (NaaO,), and the 
solvent was removed in vacuo to give a solid. This was triturated 
with diiipropyl ether to give 55.41 g (97%) of 37 as a white solid. 
A 3-g portion of this was recrystallized from 2-propanol-Me0H 
to give 2.28 g of an analytical sample of 37, mp 190-191 "C. Anal. 
(C&JzNzOzS) C, H, N. 

Method L. l-(Phenylmethyl)-3-pyrrolidinemethanol 4- 
Methylbenzenesulfonate Eater Ethanedioate (1:l) (46). A 
solution of 113.8 g (0.60 mol) of l-(phenylmethyl)-3- 
pyrrolidinemethanol," 125.9 g (0.66 mol) of p-toluenesulfonyl 
chloride, and 66.6 g (0.66 mol) of triethylamine in 900 mL of 
acetonitrile was stirred at room temperature overnight. The 
reaction mixture was filtered, and the solvent was removed in 
vacuo. The residue was partitioned between CHCla and 5% 
NaOH, and the organic phase wai dried (NazS04). The solvent 
waa removed in vacuo to give a brown oil. A methanolic solution 
of this oil was treated with oxalic acid, diethyl ether was added, 
and 181.6 g (70%) of 46 was collected aa a white, crystalline solid. 
A small portion of this was recrystallized from MeOH-diethyl 
ether to give an analytically pure sample of 46, mp 147-149 OC. 
Anal. (C1QH13N03SC2H204) C, H, N. 

Method M. a~-Bis(4-fluorophenyl)-l-(phenylmethyl)-3- 
pyrrolidinepropanenitrile (41). A suspension of 7.32 g (0.183 
mol) of a 60% dispersion of NaH in mineral oil (washed with 
hexanes) and 41.9 g (0.183 mol) of 4-fluoro-a-(4-fluorophenyl)- 
benzeneacetonitrile% in 600 mL of Me2S0 (dried over molecular 
sieves 4A) and under an atmosphere of nitrogen was stirred for 

(32) Jannren, P. A. J.; Niemegeere, C. J. E. J.; Stokbrockx, R. A,; 

(33) Wu, Y. H.; Feldkamp, R F. J. Org. Chem. 1961, %, 1519-1624. 
Vandenberk, J. U. 5. Patent 3 884 916, 1975. 
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3 h at room temperature. Then, 63.18 g (0.183 mol) of 46 was 
added as a solid, and the solution was stirred at 60 OC overnight. 
The solvent was removed in vacuo, and the resulting oil was 
partitioned between CHC18 and 5% NaOH. The organic phase 
waa dried (Na#04), and the solvent was removed in vacuo to give 
59.0 g (81%) of an oil. A 10.0-g portion of this was subjected to 
flash chromatography on SiOz with ethyl acetate-hexanes (1:l) 
and ethyl acetate being used as the eluent. This gave 4.13 g of 
41 as a brown oil. Anal. (CzeHuFzNz-0.5Hz0) C, H, N. 

Method N. a,a-Bis(3,4-difluorophenyl)-4-pyridine- 
methanol (58). A solution of 5.66 g (0.018 mol) of 53 and 12 drop 
of 50% NaOH in 50 mL of M e a 0  and with air bubbling through 
the reaction mixture was stirred at room temperature for 4.5 h 
and then was dduted with water." A tan precipitate was collected 
and recrystallized from CHIClz-hexanes to give 4.75 g (80%) of 
58 as a white, crystalline solid, mp 147-147 "C. Anal. (C18Hll- 
FINO) C, H, N. 

As described previously,ll 58 was converted to a,a-bis(3,4- 
difluorophenyl)-4-piperidinemethanol(ll3) by catalytic hydro- 
genation over 5% Pt/C. 

Method 0. a-(4-Fluorophenyl)-4-piperidinemethanol 
Hydrochloride (20). To a magnetically stirred solution of 9.95 
g (0.25 mol) of sodium borohydride in 200 mL of absolute ethanol 
was slowly added a solution of 10.2 g (0.042 mol) of 4-(4-fluoro- 
benzoy1)piperidine hydrochloride in 200 mL of absolute ethanol. 
The mixture was stirred at room temperature for 0.5 h, and the 
solvent was removed in vacuo. The residue was partitioned 
between ethyl acetate and 2 M NH40H, and the solvent was 
removed in vacuo from the organic phase. The resulting solid 
was diasolved in 60 mL of absolute ethanol, 3.5 mL of concentrated 
HC1 was added, and a white solid precipitated to give 7.32 g (71%) 
of 20, mp 254 "C dec. Anal. (ClzHl8FNO-HCl) C, H, N. 

Method P. 4-[Bis(3-fluorophenyl)methyl]piperidine By- 
drochloride (7). A mixture of 15.25 g (0.034 mol) of 21,50 mL 
of 57% hydrogen iodide, and 3.4 g (0.11 mol) of phosphorus in 
300 mL of glacial acetic acid was heated at reflux for 40 h. The 
reaction mixture was filtered, and the solvent was removed in 
vacuo from the filtrate. The residue was partitioned between 
CHzClz and dilute NaOH. The CHzCl2 solution was dried (Mg- 
SO,), and the solvent was removed in vacuo. The residue waa 
dissolved in MeOH, ex- e t h e d  HCl was added, and anhydrous 
diethyl ether was added. A precipitate was collected to give 7.04 
g (63%) of 7 as a white, Crystalline solid, mp 260-262 OC. Anal. 

Method Q. 4-[Bis(4-~hlorophenyl)methyl]piperidine 
Ethanedioate (1:l) (11). A mixture of 13.05 g (0.041 mol) of the 
nonealt form of 27 and 45.0 g (1.45 mol) of phosphorus in 300 mL 
of glacial acetic acid and 230 mL of 57% hydrogen iodide was 
heated at reflux for 72 h. The mixture waa cooled to room tem- 
perature and was filtered through Celite, and the fdtrate was made 
basic with 50% NaOH. The basic mixture was extracted with 
CHCla, and the organic solution was dried (Na,,SOJ. The solvent 
was removed in vacuo to give 12.12 g (93%) of the nonsalt form 
of 11 as a brown oil. A 0.65-g portion of this was converted to 
the oxalic acid salt, and the salt was recrystallized from MeOH- 
diethyl ether to give 0.46 g of 11 as a white, crystalline solid, 

Method R. 4-[Bis(4-fluorophenyl)methyl]piperidine 
(E)-2-Butenedioate (21) (6). A mixture of 30.6 g (0.99 mol) 
of phosphorus and 15.1 g (0.059 mol) of iodine in 90 mL of glacial 
acetic acid waa stirred at room temperature for 20 min. A solution 
of 56.2 g (0.197 mol) of the nonsalt form of 26 in a mixture of 70 
mL of methanesulfonic acid, 6 mL of HzO, and 110 mL of glacial 
acetic acid was added, and the mixture waa heated at reflux for 
7 h. The solvent waa removed in vacuo, and the resulting viscous 
liquid was poured over ice. The icy mixture was made basic with 
50% NaOH and waa extracted with CH2C1* The CHzClz solution 
waa extracted with an aqueous solution of sodium thiosulfate and 
was dried (NazS04). The solvent was removed in vacuo to give 
a gum. A methanolic solution of the gum was treated with fumaric 
acid, and diethyl ether was added. A white solid was collected 
to give 22.6 g (32%) of 6, mp 208-209 OC. Anal. (C18HlpFzN. 

Method 8. 4 4  (4-Fluorophenyl)methyl]piperidine Hy- 
drochloride (16). A mixture of 12.0 g (0.057 mol) of the n o d t  
form of 20,2.2 g (0.071 mol) of phosphorus, and 50 mL of 57% 

(Cl8H1&'zN.HCl) C, H, N. 

219-220 "C. Anal. (CleHlQC12N.CzH204.0.5H20) C, H, N. 

0.5C4H404.0.5H20) C, H, N. 
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hydrogen iodide in 200 mL of glacial acetic acid was heated at 
reflux for 10 h. The mixture was fired through Celite, and the 
solvent was removed in vacuo. The residue was partitioned 
between CHzClz and dilute NaOH. The CHzClz phase was ex- 
tracted with several portions of dilute HaO,,  The acidic extract 
was made basic with NaOH, and the basic solution was extracted 
with CHZCl1. The CHzClz solution was dried (MgS04), and the 
solvent was removed in vacuo to give an oil. This was dissolved 
in MeOH, excess ethereal HCl was added, and diethyl ether was 
added. A precipitate was collected to give 9.80 g (75%) of 16 as 
a white, crystalline solid, mp 163.5-165.5 "C. Anal. (C12H18F- 
N.HC1) C, H, N. 

Method T. 4-[Bis(2,4-difluorophenyl)methyl]piperidine 
Hydrochloride (9). A solution of 23.8 g (0.075 mol) of 52 in 400 
mL of glacial acetic acid and in the presence of 2.0 g of 5% Pt/C 
was subjected to catalytic hydrogenation on a Parr apparatus at 
60 "C for 3 days and at an initial pressure of 45 psi. The reaction 
mixture was filtered through Celite, and the solvent was removed 
in vacuo. The residue was partitioned between CHC1, and 5% 
NaOH, and the organic phase was dried (NazS04). The solvent 
was removed in vacuo to give 24.4 g (100%) of the nonsalt form 
of 9 as an oil. A 1.0-g sample was converted to the HCl salt, and 
the salt was recrystallized from MeOH-diethyl ether to give 1.06 
g of 9 as a white, crystalline solid, mp 215-217 "C. Anal. (C18- 

Method U. 4-[Cyclohexyl(4-fluorophenyl)methyl]- 
piperidine (14). A solution of 10.42 g (0.039 mol) of 49 and 10 
drops of concentrated HCl in 200 mL of glacial acetic acid and 
in the presence 1.5 g of 5% Pt/C was subjected to catalytic 
hydrogenation on a Parr high-pressure hydrogenator at 60 "C for 
16 h and at an initial pressure of 700 psi. The mixture was filtered 
through Celite, and the solvent was removed in vacuo. The residue 
was partitioned between CHC13 and 5% NaOH, the organic phase 
was dried (Na#04), and the solvent was removed in vacuo. The 
resulting oil was subjected to flash chromatography on SiOz with 
1-5% NH40H in MeOH beiig used as the eluent. Thia gave 5.86 
g (55%) of 14 as a colorless oil. Anal. (Cl6H=FN) C, H, N. 

Method V. 4-[2,2-Bis(4-fluorophenyl)ethyl]pyridine Hy- 
drochloride (51). A mixture of 15.05 g (0.048 mol) of a,a-bis- 
(4-fluorophenyl)-4-ppidineethanol (114),11 3.2 g (0.10 mol) of 
phosphorus, and 50 mL of 57% hydrogen iodide in 150 mL of 
glacial acetic was heated at reflux for 11 h. The solvent was 
removed in vacuo, and the residue waa partitioned between CHzC& 
and dilute NaOH. The organic phase was dried (MgS04), and 
the solvent was removed in vacuo to give the nonsalt form of 51 
as an oil. This was converted to the HCl salt, and the salt was 
recrystallized from acetonitrilediethy1 ether to give 13.89 g (87%) 
of 51 as a white, crystalline solid, mp 197-199 "C. Anal. (CIB- 

Method W. 4-[2f-Bis(4-fluorophenyl)ethyl]piperidine 
Hydrochloride (17). A solution of 10.0 g (0.030 mol) of 61 in 
200 mL of glacial acetic acid and in the presence of 1.2 g of 5% 
Pd/C was subjected to catalytic hydrogenation on a Parr appa- 
ratus at room temperature for 16 h and at an initial pressure of 
49 psi. The solution was filtered through Celite, and the solvent 
was removed in vacuo. The residue was partitioned between 
CH&& and dilute NaOH, and the organic phase was concentrated 
to give an oil. This was dissolved in MeOH, an excess of ethereal 
HCl was added, and a precipitate was collected to give 7.58 g 
(72%) of 17 as a white, crystalline solid, mp 171-173 OC. Anal. 

Method X. 4-[Bis(4-fluorophenyl)methylene]piperidine 
Hydrobromide (26). A mixture of 164 g (0.34 mol) of 22 and 
80 g (0.85 mol) of phenol in 700 mL of 48% HBr was heated at 
reflux for 7 h and then was stirred at room temperature for 9 h. 
The HBr solution was decanted from a gum in the bottom of the 
reaction flask. The gum was triturated with several portions of 
diethyl ether to give 91.3 g (73%) of 26 as a tan solid, mp 211-215 
"C. A small portion of this was recrystallized from MeOH-diethyl 
ether to give an analytical sample, mp 216-218 "C. Anal. 
(ClsH1,FzN*HBr) C, H, N. 

Method Y. ap-Bi~(4-fluorophenyl)-4-piperidineaceto- 
nitrile Ethanedioate (1:l) (32). A solution of 52.41 g (0.11 mol) 
of 37 and 50.0 g (0.53 mol) of phenol in 200 mL of 48% HBr was 
heated at reflux for 3.5 h and then was poured over ice. The 
mixture was made basic with 50% NaOH and was extracted with 

HlTF4N.HCl) C, H, N. 

HIdi'FpN.HC1) C, H, N. 

(CloH21F2N.HCl.O.5HIO) C, H, N. 

Shanklin et al. 

CHC1,. The organic phase was dried (N%SO,), and the solvent 
was removed in vacuo to give a brown oil. This was dissolved 
in a methanolic solution of oxalic acid, diethyl ether was added, 
and 34.24 g (69%) of 32 was collected as a white crystalline solid, 
mp 124-127 OC. 'H NMR indicated that 0.5 mol of diethyl ether 
was present. Anal. (Cl~H~6FzNz~CzHz04~0.5C4Hl~~0.25H~0) C, 
H, N. 

Method Z. a~-BM(4fluorophenyl)-4pi~~din~~de 
Hydrochloride (28). A solution of 9.31 g (0.030 mol) of 32 in 
100 mL of 90% sulfuric acid was heated at 85 "C overnight. The 
solution was cooled to room temperature and was poured over 
ice. The mixture was made basic with 50% NaOH, and was 
extracted with CHCls. The organic phase was dried (NazS04), 
and the solvent was removed in vacuo to give 9.19 g (93%) of a 
white solid. A 2.25-g portion of this was converted to the HCl 
salt, and the salt was recrystahed from 2-propanol-diethyl ether 
to give 0.54 g of 28 as a white, crystalline solid, mp 328 "C dec. 
Anal. (C19H~zNz0~HCl )  C, H, N. 

Method AA. 4-[2-Amino-l,l-bis(4-fluorophenyl)-2-oxo- 
ethyl]-l-piperidinecarboxylic Acid Methyl Ester (29). A 
mixture of 7.65 g (0.023 mol) of 28,2.17 g (0.023 mol) of methyl 
chloroformate, and 3.36 g (0.023 mol) of sodium bicarbonate in 
350 mL of CHzClz was stirred at room temperature overnight. 
The mixture was successively extracted with water, 5% NaOH, 
and water. The organic phase was dried (NMOS, and the solvent 
was removed in vacuo to give 5.59 g (67%) of a white solid. A 
0.50-g sample was recrystallized from CHzC&-hexanea to give 0.30 
g of 29 as a white, crystalline solid, mp 126-129 OC. Anal. 
(CziHzaFzNz03) C, H, N. 

Met hod BB. 4 4  Bis( 4-1 luorophenyl) [ (met hoxy- 
carbonyl)amino]methyl]-l-piperidinecarboxylic Acid 
Methyl Ester (30). To a magnetically stirred solution of 3.88 
g (0.010 mol) of 29 and 4.0 g (0.050 mol) of 50% NaOH in 40 mL 
of MeOH was added dropwise a solution of 4.04 g (0.025 mol) of 
bromine in 25 mL of MeOH, and the mixture was heated at reflux 
for 16 h. The solvent was removed in vacuo, and the residue was 
partitioned between CHC13 and water. The organic phase was 
dried (NMOS, and the solvent waa removed in vacuo to give 3.60 
g (86%) of a white solid. A 0.26-g sample was subjected to flash 
chromatography on SiOz with ethyl acetate-hexanes (1:l) being 
used as the eluent. This afforded 0.13 g of 30 as a white solid, 
mp 213 "C. Anal. (CzzHarFzNz04~0.25Hz0) C, H, N. 

Method CC. a,a-Bis(4-fluorophenyI)-4-piperidine- 
methanamine Ethanedioate (1:2) (31). A mixture of 2.98 g 
(0.007 mol) of 30 and 20 g (0.25 mol) of 50% NaOH in 40 mL of 
MeOH was heated at reflux for 16 h. The solvent was removed 
in vacuo, and the residue was partitioned between CHC13 and 
water. The organic phase was dried (NazS04), and the solvent 
was removed in vacuo to give 1.90 g (88%) of an oil. A small 
sample of this was converted to the oxalic acid salt, and the salt 
was recrystallized from MeOH-diethyl ether to give an analytical 
sample of 31 as a light yellow solid, mp 151-154 "C. Anal. 

Method DD. 3-[2-Cyano-2f-bis( 4-fluoropheny1)et hyll- 1- 
pyrrolidinecarboxylic Acid Phenyl Ester (42). A mixture of 
13.48 g (0.034 mol) of 41,46.7 g (0.30 mol) of phenyl chloroformate, 
and 50.0 g (0.50 mol) of KHC03 in 300 mL of CHC& was heated 
at reflux overnight. The mixture was extracted with 5% NaOH 
and with water. The organic solution was dried (Nafi04), and 
the solvent was removed in vacuo to give a brown oil. The oil 
was subjected to flash chromatography on SiOl with 25% ethyl 
acetate in hexanes being used as the eluent. This gave 10.12 g 
(70%) of 42 as a yellow oil. Anal. (CSH~ZNZOZ) C, H, N. 

Method EE. a,u-Bis(4-fluorophenyl)-3-pyrrolidine- 
propanenitrile (36). A suspension of 19.12 g (0.044 mol) of 42 
in 150 mL of 85% hydrazine was heated at reflux overnight and 
was then poured into 3.5 L of water. The aqueous mixture was 
extracted with CHCIS, and the organic phase was dried (MgS04). 
The solvent was removed in vacuo to give a brown oil. This was 
subjected to flash chromatography on SiOz with MeOH and 2% 
NH40H in MeOH being used as the eluent. This gave 5.20 g 
(38%) of 36 as a red oil. Compound 36 was used in the next step 
without further purification. 

Method FF. 4-[Bir(4-fluorophenyl)methyl]-l- 
piperidinepropanol Ethanedioate (1:l) (18). A mixture of 10.67 
g (0.037 mol) of the nonsalt form of 6, 5.42 g (0.039 mol) of 

(CleH~zNz.2CzHz04.0.5HzO) C, H, N. 
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3-bromo-1-propanol, and 8.0 g (0.095 mol) of sodium bicarbonate 
in 400 mL of 1-butanol was heated at reflux for 21 h. The solvent 
was removed in vacuo, and the residue was partitioned between 
CH2C12 and dilute NaOH. The CH2C12 solution was dried (Mg- 
SO4), and the solvent was removed in vacuo to give 8.88 g (67%) 
of the nonsalt form of 18 as an oil. A 1.14-g sample of this oil 
was converted to the oxalic acid salt, and the salt was recrystallized 
from MeOH-diethyl ether to give 1.09 g of 18 as a white solid, 
mp 89-94 OC. Anal. (C21H2aFzNOC2H204~0.75H20) C, H, N. 

Method GG. 4 4  Bie( 4-fluorophenyl)methyl]- 1-( 3-chloro- 
propy1)piperidine (19). A solution of 40.3 g (0.12 mol) of the 
nonsalt form of 18 and 17.9 g (0.15 mol) of thionyl chloride in 
300 mL of CHCIS was heated at reflux for 6 h, and the solvent 
was removed in vacuo. The residue was partitioned between 
CHC13 and a saturated solution of NaHCOS. The organic phase 
was dried (Na#04), and the solvent was removed in vacuo to give 
42.1 g (99%) of 19 as an oil. An 8.0-g sample of this was subjected 
to flash chromatography on Si02 (elution with 5050 ethyl ace- 
tate-hexanes) to give 6.84 g of an analytically pure sample of 19 
as a brown oil. Anal. (C2,HuClF2N) C, H, N. 

Method HE. 1-[ 4 4  3 4  4-[Bis(2,4-difluorophenyl)- 
methyl]-l-piperidinyl]propoxy]-3-methoxyphenyl]ethanone 
Ethanedioate (1:l) (64). A mixture of 7.30 g (0.023 mol) of the 
nonsalt form of 9, 5.57 g (0.023 mol) of 1-[4-(3-chloroprop- 
oxy)-3-methoxyphenyl]ethanone, 5.54 g (0.040 mol) of KzCO3, and 
0.2 g of KI in 350 mL of 1-butanol was heated at reflux overnight. 
The solvent was removed in vacuo, and the residue was partitioned 
between CHCla and 5% NaOH. The organic phase was dried 
(Nafi04), and the solvent was removed in vacuo to give an oil. 
This was dissolved in a methanolic solution of oxalic acid, diethyl 
ether wm added, and a white solid crystallized to give 8.23 g (58%) 
of 64, mp 151-153 "C. Anal. (C&SiF4N0S.C2H204) C, H, N. 

Method 11. 4-[Bis(4-fluorophenyl)methyl]-l-[2-(l- 
naphthalenyloxy)ethyl]piperidine Hydrochloride (100). A 
mixture of 2.84 g (0.010 mol) of 6, 3.01 g (0.012 mol) of 142- 
bromoethoxy)naphthalene, and 5.0 g (0.060 mol) of NaHCOS in 
400 mL of 1-butanol was heated at reflux for 16 h. The solvent 
was removed in vacuo, and the reeidue was partitioned between 
CH2C12 and 5% NaOH. The organic solution was dried (MgSO,), 
and the solvent was removed in vacuo to give an oil. This was 
dissolved in MeOH, an excess of ethereal HC1 was added, and 
3.13 g (64%) of 100 crystallized as a white solid, mp 155-158 "C. 
Anal. (CgoH&2N0.HCl) C, H, N. 

Method J J. 4434 4-[Bir(4-fluorophenyl)methyl]-l- 
piperidinyl]propoxy]-3-methoxybenzoic Acid Methyl Ester 
(85). To a magnetically stirred suspension of 2.47 g (0.062 mol) 
of a 60% dispersion of NaH in mineral oil (washed with hexanes) 
in 300 mL of M e 8 0  (dried over molecular sieves 4A) and under 
an atmosphere of nitrogen was slowly added 11.26 g (0.062 mol) 
of methyl vanillate as a solid. The mixture was stirred at room 
temperature for 0.5 h, and a solution of 21.32 g (0.062 mol) of 19 
in 100 mL of Me2S0 was added. The mixture was heated at 60 
"C overnight, and the solvent was removed in vacuo. The residue 
was partitioned between CHCla and water, the organic phase was 
dried (Na2S04), and the solvent was removed in vacuo to give a 
brown oil. The oil was subjected to flash chromatography on Si02 
with ethyl acetate being used as the eluent. This gave 22.70 g 
(72%) of 85 as a brown oil. Anal. (C&S3F2N04) C, H, N. 

Method KK. N-[ 34  4-[Bis( 4-fluorophenyl)methyl]-l- 
piperidinyllpropyll-N-methylbenzenamine (106). A mixture 
of 8.43 g (0.023 mol) of 19 in 100 mL of N-methylaniline was 
stirred at 100 "C for 30 h. The N-methylaniline was removed 
in vacuo, and the residue was partitioned between CHC13 and 1 
M HfiO1. The organic phase was extracted with 5% NaOH and 
was dried (NafiO,). The solvent was removed in vacuo, and the 
resulting oil was subjected to flash chromatography on SiOz with 
ethyl acetate being used as the eluent. This gave 4.41 g (44%) 
of 106 as a light brown oil. Anal. (CaHs2F2N2) C, H, N. 

4 4  3 4  44  Birr( 4-fluoropheny1)met hyll- 1 - 
piperi~nyl]propoxy]-3-methoxy-a-met hylbenzenemethanol 
(83). A mixture of 4.40 g (8.85 mol) of the nonsalt form of 1 and 
3.0 g (79.3 m o l )  of NaBH, in 350 mL of 95% ethanol was stirred 
at mom temperature for 2.5 h. The solvent was removed in vacuo, 
and the residue was partitioned between CHC13 and water. The 
solvent was removed in vacuo from the organic phase, and the 
residue was recrystallized from CH2C12-diethyl ether to give 2.16 

Met hod LL. 
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g (49%) of 83 as a white solid, mp 132-135 "C. Anal. (Cd, -  
FzN03) C, H, N. 

Method MM. 4-[3-[4-[Bis(4-fluorophenyl)methyl]-l- 
piperidinyl]propoxy]-3-methoxybenzoic Acid (86). A mixture 
of 18.58 g (0.037 mol) of 85 and 16.80 g (0.30 mol) of KOH in 50 
mL of water and 400 mL of ethanol was heated at reflux for 6 
h. The solvent was removed in vacuo, and the residue was dis- 
solved in 200 mL of 1 M H2S01. A solution of 5% NaOH was 
added until a pH of 7 was reached, and the mixture was extracted 
with CHCIS. The extract was dried (Na2S04), and the solvent 
was removed in vacuo to give a solid. This was triturated with 
several portions of diethyl ether to give 11.38 g (62%) of 86 as 
a white, crystalline solid, mp 123-126 "C. Anal. (C&IS1F2N- 

Method NN. N-[ [ 1434 4-Acetyl-2-methoxyphenoxy)- 
propyl]-4-piperidinyl]bis(4-fluorophenyl)methyl]aceta.mide 
(82). A mixture of 3.53 g (6.95 mmol) of the nonsalt form of 81, 
1.10 g (14.4 mmol) of acetyl chloride, and 0.96 g (6.95 mmol) of 
K2C03 in 100 mL of acetonitrile was stirred at room temperature 
overnight. The solvent was removed in vacuo, the residue was 
dissolved in CHC13, and water was added slowly. The phases were 
separated, and the organic phase was extracted with several 
portions of 5% NaOH and was dried (NaaOJ. The solvent was 
removed in vacuo, and the residue was subjected to flash chro- 
matography on Si02 with 20% MeOH in ethyl acetate being used 
as the eluent. This gave 1.63 g (43%) of 82 as a glass. Anal. 

Method 00. 4-[3-[4-[Bis(4-fluorophenyl)methyl]-l- 
piperidinyllpropoxylbenzen~ne (E)-2-Butenedioate (1:l) 
(96). A solution of 11.80 g (0.027 mol) of 97 in a mixture of 500 
mL of 6 M HCl and 500 mL of MeOH was heated at reflux 
overnight. The volume was reduced in vacuo, water was added, 
and the mixture was made basic with 5% NaOH. The mixture 
was extracted with CHCIS, and the extract was dried (Na2S04). 
The solvent was removed in vacuo, and the resulting oil was 
converted to the fumaric acid salt. The salt was recrystallized 
from MeOH-diethyl ether to give 8.49 g (72%) of 96 as a white 
solid, mp 121.5-124 OC. Anal. (CnHfi2N20C4H4O4.0.5H20) C, 
H, N. 
a,a-Bis(3,4-difluorophenyl)- 1-( phenylsulfonyl)-4-  

piperidinemethanol (116). To a mechanically stirred mixture 
of 2.70 g (0.22 mol) of magnesium turnings and a crystal of iodine 
in 100 mL of dry THF and under an atmosphere of nitrogen was 
slowly added a solution of 19.6 g (0.10 mol) of 1,2-difluoro-4- 
bromobenzene in 50 mL of THF. The mixture was stirred at room 
temperature for 1 h, and 11.88 g (0.040 mol) of 47 was added as 
a solid. The resulting solution was stirred at room temperature 
for 23 h and was poured into an icy solution of NH4C1. The 
aqueous mixture was extracted with CH2C12, and the organic phase 
was dried (MgS04). The solvent was removed in vacuo, and the 
residue was recrystallized from CH2C12-hexanes to give 17.43 g 
(90%) of 116 as a white solid, mp 152-154 OC. Anal. (C,H21- 

04.0.5HzO) C, H, N. 

(CS2HMF2N204*0.25H20) C, H, N. 

-. _. 

FINOSS) C, H, N. 
4-[Bis(3,4-difluorophenyl)methylene]piperidine Ethene- 

dioate (1:l) (117). A mixture of 30.50 g (0.065 mol) of 116,100 
mL of 57% HI, and 3.0 g (0.097 mol) of phosphorus in 400 mL 
of glacial acetic acid was heated at reflux for 65 h. The solvent 
was removed in vacuo, and the residue was partitioned between 
CHzClz and dilute NaOH. The organic phase was dried (MgSOJ, 
and the solvent was removed in vacuo to give an oil. A mass 
spectrum of the oil indicated that it was largely 117 and that only 
a trace of 10 was present. A methanolic solution of the oil was 
treated with oxalic acid, diethyl ether was added, and 12.55 g 
(48%) of 117 crystallized as a white solid, mp 192-195 "C dec. 
Anal. (Cl8Hl5F4NC2H2O4) C, H, N. 

Pharmacology. Antagonism of CaC12:Induced Contrac- 
tions of Rabbit Aortic Strips. Spiral strips of thoracic aorta 
were obtained from nonfasted New Zealand white rabbits. After 
gently removing the endothelium, the strips were suspended in 
a modified Krebs solution aerated with 95/5% Oz/C02 at 37 OC, 
pH 7.4. Experiments were conducted according to the method 
of Godfraind and KabaSM Briefly, the strips were sequentially 
bathed in a buffer containing CaC12, a CaClz-free buffer, and then 

(34) Godfraind, T.; Kaba, A. Br. J. Pharmacol. 1969,36,549-660. 
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in a depolarizing, CaClrfree buffer. Cumulative addition of CaCh 
to the last buffer induced contractions of the tissue, which were 
monitored by Gram force-displacement transducers. Contractile 
responses induced by CaClz in the absence and presence of 1-100 
nM of teat Compounds were compared. Regponees of at least thrw 
tiasuea were used to calculate pAz values according to the method 
of Van R ~ s e u m . ~  

In this experiment, the test compound was ale0 evaluated for 
a-adrenergic-blocking activity in the isolated rabbit aortic strips 
by the method of Broekaert and W a i n d m  with norepinephrine 
(1-106 M) being used as the agonist. In this procedure none 
of the compounds in Tables 11-IV showed any significant in- 
hibition of the contractions produced by norepinephrine. This 
indicated an absence of a-adrenergic-blocking activity. 

Antihypertensive Activity. At least 24 h prior to compound 
administration, adult male spontaneously hypertensive rats (SHR) 
were anesthetized and a polyethylene catheter was implanted in 
a m t i d  artery or the abdominal aorta for measurement of arterial 
blood pressure. The catheter was exteriorized at the nape of the 
neck and connected through a swivel to a Statham pressure 
transducer; blood preeeure was displayed on a Grase polygraph 
and simultaneously digitized and collected with a Buco Elec- 
tronics Datalogger. Data were collected from conscious, freely 
moving rata allowed free accese to food and water. After obtaining 
baseline blood pressure data for 1-1.5 h, compounds were ad- 
ministered orally as solutions or uniform suspensions (30 mg/kg 
in 5 mL/kg of 0.5% Tween 8O/distilled HzO, v/v, or other vehicle 
as necessary). Blood pressure was measured at 0.5,1,1.5,2,3, 
4, 5, and 6 h after dosing. The mean arterial blood pressure 
(MABP) values obtained at theae intervale were used to calculate 
an average percent change from predose MABP for the 0.5-2-h 
and the 3-6-h periode. Raw MABP measurements were analyzed 
by a paired, one-tailed t teet; d e "  in MABP were considered 
statistically Significant when p < 0.05. 
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