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Abstract--Amides of some substituted 1,2-diarylethylamines have been shown to exhibit potent acylCoA:cholesterol acyltransferase 
(ACAT, EC 2.3.1.26) inhibitory activity in vitro in microsomal ACAT assays but show poor in vivo activity in a cholesterol-fed 
hamster model. In an effort to design ACAT inhibitors that are potent in both our in vitro and in vivo assays a series of amides of 
piperidine, morpholine and piperazine substituted 1-phenylethylamines were synthesized. Compounds of this series were found to be 
very potent inhibitors of ACAT in a microsomal ACAT assay and also exhibited potent activity in a cholesterol-fed hamster model. 

Introduction systemic bioavailability will lack the desired effect on 
hepatic and macrophage ACAT activity and not have 

AcylCoA:cholesterol acyltransferase (ACAT, EC antiatheroscleroticactivity. 4 
2.3.1.26) is a microsomal enzyme responsible for 
conversion of free cholesterol into fatty acid cholesteryl Others have struggled with this issue as well and have 
esters, m Prior to packaging into chylomicrons and secretion come to the conclusion that the lipophilicity plays an ira- 
into the lymph, intestinally derived free cholesterol is portant part in ACAT inhibitory activity and have attemp- 
esterified via ACAT. Hence, inhibition of intestinal ACAT ted to correlate bioavailability and lipophilicity, s As part 
activity may significantly inhibit intestinal cholesterol of our efforts directed at designing potent ACAT 
absorption and help reduce serum lipid levels in humans, inhibitors, both in vitro and in vivo, we have previously 
This has been demonstrated in animal models of hyper- investigated the structure-activity relationships in deriv- 
cholesterolemia. Inhibition of hepatic ACAT activity may atives of 2 and a related series of diphenylacetamides 3 
also reduce the secretion of cholesteryl esters in using both a rat intestinal microsomal ACAT assay and a 
lipoproteins by the liver. Furthermore, since ACAT- cholesterol-fed hamster model. It was observed that in 
derived cholesterol esters have been implicated in the general, introduction of a polar group on the phenyl ring 
formation of atherosclerotic plaques, ACAT inhibition of the diphenylethylamine moiety attenuated the in vitro, 
may arrest progression and promote regression of plaques, rat intestinal microsomal, assay ACAT activity, with the 
This would then address a possible solution to a major extent of this attenuation roughly following the polarity of 
determinant of risk in the occurrence of coronary artery the group.6 However, this attenuation of in vitro activity 
disease (CAD). 2 due to the introduction of the polar group was associated 

with a concomitant improvement in the in vivo activity of 
Various classes of compounds have been shown to inhibit these compounds. 6 This effect of a polar moiety in in- 
ACAT activity. 3 However most of these compounds, creasing the in vivo activity has been reported recently.7 
including amides 1 and 2 (Fig. 1)3f~are lipophilic and have 
poor bioavailability which translates into poor in vivo Previous SAR studies of the 1,2-diphenylethyl amides had 
activity. It has been reported that compounds with low indicated that replacement of either of the phenyl rings in 

NHCO(CH 2)2Si(CH3)2CloH21 d 

CH3 1 2 3 
~q;mre ]. 
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2 with a cyclohexyl ring yielded compounds such as 4 and X ~ J ~  ~~NHCO~R [ 
$ (Fig. 2) that were still very potent inhibitors of ACAT in 
vitro but compound 5 had no in vivo activity. With this 
information in hand we decided to investigate the activity 
of a series of ethyl amides of type 6 (Fig. 3) that had one 
of  the phenyl groups replaced by a 'polar cyclohexyl' moi- e 
ety such as piperidines, piperazines and morpholines. The ngere 3. 
results of this study are reported here. 

° - -  

Various amides of 1,2-disubstituted ethylamines, listed in 
Table 1, were synthesized following the general procedure 
shown in Scheme 1. 

4 5 The amines for compounds 10-13  and 15 are com- 
IOso ffi 0.18mM ICs0 = 0.17raM mercially available. Compound 14 was obtained by depro- 

Figure Z. tection of  the carbamate group in 13 under standard 

Table 1. Oleic acid amides of piperidine, morpholine and piperazine substituted phenylethylamines 

NHOleoyl ..% 
# A ]c.(~M)" %AL/CE ~ mp(°C) MS Ar~ o 

iqr"~ 1.2 -12 wax Calcd: 468 CHN 10 
L . . . /  Found: 469 

I1 N 0 03 -21 oil Calcd: 470 CHIN 
~ J  Found: 471 

12 N NMo 03 -55 wax CalcA: 483 CHN 
Found: 484 

13 N N-tBOC 0.06 -22 oil Calcd: 569 CHN 
Found: 570 

14 N NH 64%@I0pM -54 o~ Calcd: 469 CHN 
Found: 470 

IS 0.01 -35 wax Calcd: 526 CHIN 
Found: 527 

N ~ F  = O 0.18 I ~  ¢ii Calcd: 482 CHN 16 
Found: 483 

N / ~  '= NOH 0.03 -21 c~ Calcd: 49"/ CHN 17 
Found: 498 

N r ' ~  OH 0.34 -25 51-53 Calcd: 484 CHN 18 
Found: 485 

N / ~  "- OMe 0.15 -24 ¢il C.alcd: 498 CHN 19 
Found: 499 

N ~ " -  NHCOCF 3 0.8 0 wax Calcd: 579 CHIN 
Found: 580 

i r - ~ O M e  21 N X O M  e ~  0.5 -18 cil Calc, d: 528 CHN 
Found: 529 

N ~  59%@ 101~M 0 oil Calcd: 522 CHN 22 
Found: 523 

=Rat intestinal microsomal assay. 
bHepatic cholesterol ester in cholesterol-fed hamster. 
=All elements shown were within :L-0.4% of the calculated percentage. 
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- ~ NHCOR 

9 6 

Reagents: (a)Xt..a ~ , THF, 00(3; (b) NH2OH.HCI, pyridine; 
(c) EtOH, 10%Pd/C, H2; ~d~ RCO2H, DMAP, DCC, CH2C~; 
(e) RCOCl, Et3N, THF, 0 C 

Scheme 1. 

conditions. Compounds 16-18 were synthesized by func- for all of the analogs are summarized in Tables 1-3. 
tional group transformations starting with compound 15. 
The ketal in 15 proved to be unusually stable to standard 
deketalization conditions. The hydrolysis was accomp- Discussion 
lished by using 3 N HC104 in tetrahydrofuran at 70 °C. 
The heterocyclic amines for compounds 19-22 were Compounds were evaluated for in vitro ACAT inhibitory 
readily synthesized following known literature procedures, activity using a rat liver microsomal ACAT assay and for 
The melting points, mass spectral and elemental analyses in vivo activity using a 7-day cholesterol-fed hamster. 

Table 2. Diphenylacetic acid amides of piperidine, morpholine and piperazine substituted phenylethylamines 

NHCOCHPh 2 

# A ]C~" (raM) %a t.a3E ~ mp (°C3 MS Anal ~ 

23 N ~  64%@10pM 0 134- Calcd: 398 
137 Found: 399 

24 N O 3.0 -15 165- Calcd: 400 HRMS ~ 
169 Found: 401 

25 N NMe 4.5 -39 142- Calcd: 413 (J-IN 
k. .J  143 Found: 414 

25 Nr"~'~ 0.3 -26 131- Calcd: 456 CHN 
"-~.._/'O ~ 133 Found: 457 

27 N r " ~  O 0.5 0 130- Calcd: 412 CHN 
~ _ J  131 Found: 413 

• t N/- '~"  OH 3.0 -25 94-97 Calcd: 414 CHN 
Found: 415 

29 N r ' - ~  NOH 0.4 0 ND Calcd: 427 CHN 
Found: 428 

38 Nr-'~ OAc 59%@I0pM -25 113-- Calcd: 456 (J-IN 
115 Found: 457 

31 Nr-~ OMe 1.0 -30 120- CalcA: 428 CHIN 
122 Found: 429 

=Rat intestinal microsomal assay. 
bl-Iepati¢ cholesterol ester in cholesterol-fed hamster. 
=All elements shown were within I0.4% of the calculated percentages. 
dCalcd [C~-I=~q2Oz(M + I)]: 401.2229; found: 401.2224. 
biD = Not determined. 
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Table 3. Amides of various long chain fatty acids 

NHCOR 

# A R IC s~=(gM) ~ ) A ~  b mp (°C) hCS Anal. c 

32 N NMe CiTH3s 0.5 -25 77-78 Calcd: 485 CHN 
k_../ Found: 486 

33 N NMe C,5H3, Ii -60 74-75 Calcd: 457 CHN 
k..../ Found: 458 

34 N NMe C,3H27 7.0 0 wax Calcd: 429 CHN 
k..../ Found: 430 

35 N NMo C,,I-I~ 58%@ 10~M 0 64--67 Calcd: 401 HRMS d 
k__J Found: 402 

36 N NMo C(Me) 2C,4II~ 1.1 -40 (~ Calcd: 485 CHN 
k..../ Found: 486 

37 N NMo C~e)  2CI2H,25 0.29 -44 dl Calc.d: 457 CHN 
k._../ Found: 458 

38 N NMo C(Me) ~C,oH2, 0.39 0 oil Calcd: 429 CHN 
X.._/ Found: 430 

39 N NMo palmitoleoyl 0.16 -37 (~ Calcd: 455 CHN 
k.__./ Found: 456 

40 N r - ~ ' 3 " ~  C,5H3t 0.16 -19 wax Caled: 500 CHN 
~...../ O ~" Found: 501 

"Rat intestinal microsomal assay. 
bHepatic c h o l ~ m l  ester in cholesterol-fed hamster. 
CAll elements shown were within :£0.4% of the calculated percentages. 
dCalcd [C 2sl-I4~130(M + 1)]: 402.3484; Found: 402.3475. 

Details of  both models are given in the Experimental. As vitro are not the most active in vivo and compounds 12 
reported previously, s the change in hepatic cholesteryl and 14, clearly not the most active in vitro, exhibit the best 
ester content proved to be the most sensitive and in vivo activity. Although the overall in vivo activity for 
reproducible measure of  in rive efficacy, and hence the oleamides was not high, we were encouraged by the 
changes in serum cholesterol were not used to ascertain observation that the introduction of 'polar cyclohexyl'  
activity/potency. This endpoint has also been shown to moiety such as piperidines, piperazines and morpholines 
correlate well with the degree of inhibition of cholesterol did induce in vivo activity. We then hoped, based on our 
absorption in this model, previous studies on substituted 1,2-diarylethylamines such 

as 2 arid 3, 6 that replacing the oleic acid moiety with di- 
Contrary to our previous results, 6 where we observed an phenylacetic acid moiety may result in even better in rive 
attenuation in in vitro activity by the introduction of a activity. Unfortunately, we did not observe the expected 
polar moiety, comparison of the activity of  4 with 13, 15, increase in in rive potency, as is indicated from the 
or 17 indicates for these compounds there is a substantial activity of compounds 23-26, Table 2. For these amides of 
increase of  in vitro activity due to presence of the polar piperidine, morpholiIle and piperazine substituted 1- 
amine moieties. As is evident from Table 1 most of  these phenylethylamines, though the oleic acid amides axe more 
compounds are potent inhibitors of  ACAT in vitro with active in vitro than the diphenylacetamides, there does not 
compounds 13, 15 and 17 being the most potent ACAT seem to be much difference in their in vivo activity. 
inhibitors of  all of  the diphenylethyl amide series that we 
have investigated. Besides the increased in vitro activity, 
most of  these compounds were also active in our in vivo We next decided to investigate the activity of long chain 
assay as we had hoped based on our previous results. 6 The fatty acid amides, with varying chain lengths, with the in- 
activity of  oleic acid amides 10-15 indicates that this tent to optimize on the activity of  the oleic acid amides. 
activity is retained with a varying degree with variety of For this study we chose the N-methylpiperazine as our 
heterocyclic rings. However, there seems to be no direct 'polar cyclohexyl moiety'  as it was one of the preferred 
correlation between in vitro and in vivo activity. For amines for the oleic acid an'fide. Once again the structure- 
example, compounds 13, 15 and 17, the most active /n activity relationship (Table 3) shows that we do not have a 
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correlation between in vivo and in vitro activity with re- a Unimelt capillary melting point apparatus from Thomas 
spect to chain length, the presence or absence of unsat- Scientific and are reported uncorrected. Mass spectral data 
uration and substitution in the acid chain. The in vitro were collected on either a VG-ZAB-SE (Fisons 
activity decreases with decreasing chain length however, Instruments) double focusing mass spectrometer or HP 
the in vivo activity is maximized with the hexadecanamide 5989A MS Engine and Extrel ELQ-400-1 mass spectro- 
33. The presence of the double bond in the side-chain of meters. Chromatography was performed over Universal 
these long chain amides also does not seem to have a Scientific or Seleeto Scientific flash silica gel 32-63 mesh. 
consistent effect on activity, for although the oetadecan- When available chemicals were obtained from commercial 
amide 32 and the oleic acid amide 12 are equipotent in sources. 
vitro, 32 is less active than 12 in vivo. In compounds 33 
and 39, the presence of the double bond in the acid moiety General procedure for the alkylation of a-bromo- 
of 39 now results in improved in vitro and somewhat acetophenone 
diminished in vivo activity. The presence of ~a-dimethyl 
substitution does not have any effect in the in vitro or in ot-Bromoacetophenone (20 g) was slowly added to a 
vivo activity for the longer chain hexadecanamides 33 and solution of piperidine (25.6 g) in tetralaydrofuran (300 mL) 
36, but increases both the in vitro and in vivo activity of 34 at 0 °C and the reaction mixture stirred overnight as it 
(c.f 37). Comparing the dodecanamides 35 and 38 one warmed to ambient temperature. Most of the solvent was 
finds that the influence is on the in vitro activity with both removed under vacuum and the crude product mixture 
compounds inactive in vivo. diluted with half saturated sodium bicarbonate solution 

and extracted with EtOAe. The organic layer was washed 
In synthesizing these compounds we have generated a with brine, dried and concentrated to give 1-phenyl-2- 
novel class of very potent ACAT inhibitors in vitro that piperidinylethan-l-one (19.55 g). 
a/so exhibit moderate to good in vivo potency. In our pre- 
vious study we had found that the introduction of polar General procedure for the synthesis of 1,2-disubstituted 
substituents was influencing in vitro and in vivo activity in ethylamines 
opposing ways and we needed to address this divergence.6 
Inthis series of amides we have addressed this issue and it Hydroxyl amine hydroehloride (10 g) was added to a 
seems that the introduction of 'polar groups' does help the solution of 1-phenyl-2-piperidinylethan-l-one (19.55 g) in 
in vivo profile of this class of compounds as it has for pyridine (70 mL) at 0 °C. The reaction mixture was stirred 
other investigators. 7 However, in our case the extent of overnight as it warmed to ambient temperature. It was 
this potentiation of in vivo activity seems to be limited and then poured into excess water and thoroughly extracted 
there is a lack of correlation between the in vivo and in with ethyl acetate. The combined organic layers were 
vitro activity, washed with brine, dried and concentrated. The crude 

product mixture was purified on a silica gel column 
As we, and others, have endeavored to design potent eluting with EtOAc:hexane (7:3)to give the corresponding 
ACAT inhibitors the major issue has always been their in oxime (12.56 g). A solution of the oxime (10 g) in EtOH 
vivo activity. The introduction of 'polar cyclohexyl' moi- (200 mL) was reduced over 10% Pd/C (1 g) under I-~ (47 
eties has a positive effect on the in vivo activity, however psi) overnight. The catalyst was filtered and the filtrate 
the extent of this potentiation and the lack of a correlation concentrated to give 1-phenyl-2-piperidinylethylamine 
in in vivo and in vitro activity suggests that the factors that (8.74 g). 
influence the in vivo activity of these compounds is 
probably not just due to physicoehemical effects such as General procedure for the synthesis of 1,2-disubstituted 
solubility or lipophilicity. For this series of amides further ethylamides 
insight into issues such as their mechanism of delivery to 
the site of ACAT activity and metabolism will be required Method A. Oleoyl chloride (810 nag) was slowly added to 
to design a more potent ACAT inhibitor in vivo. a solution of 1-phenyl-2-piperidinylethylamine (500 nag) 

and triethylamine (545 nag) in tetrahydrofuran (20 mL) at 
Acknowledgements 0 °C. After 2 h the ice-water bath was removed and the 

reaction mixture stirred for an additional 1 h. It was then 
We wish to thank Dr D. Bumett, Dr J. W. Clader, Dr T. poured into half saturated sodium bicarbonate solution and 
Fevig, Ms L. Hoos, Mr D. McGregor, Ms A. Smith, Dr W. the product extracted with EtOAc. The combined extracts 
Vaccaro and Mr B. Weig for their helpful discussions and were washed with brine, dried and concentrated. The 
assistance during this study and Dr P. Das for the high crude product mixture was purified on a silica gel column 
resolution mass spectral data. eluting with EtOAc:hexane (7:3) containing 1% v/v 

triethylamine to give N-[1-phenyl-2-(1-piperidinyl)ethyl]- 
9-z-octadecenamide (960 mg). 

Experimental 
Method B. Diphenylacetic acid (162 nag) was added to a 

NMR were recorded on a Varian VXR 200 or Varian mixture of 1-hydroxybenzotriazole (113 nag), N-methyl- 
Gemini 300 MHz spectrometer. The chemical shifts are morpholine (85 mg) and 1-ethyl-3-[3-(dimethylamino)- 
reported in ppm down field from an internal tetra- propyl]-carbodiimidehydrochloride(160mg) in dimethyl- 
methylsilane standard. Melting points were determined on formamide (3 mL). To this mixture was then added 1- 
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phenyl-2-piperidinylethylamine (155 nag) and the reaction content versus control animals receiving the high chol- 
mixture stirred for 22 h at ambient temperature. The esterol diet (oral garaged in 0.2 mL corn oil day -t) without 
reaction mixture was poured into water and the product drug. 
extracted with EtOAc. The organic layer was separated, 
washed with brine, dried and concentrated. The crude 
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