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Summary daunomycin efflux from multidrug resistant CEM vcr1000
cells and overall lipophilicity of the compounds was ob-
) ) . served [8]. Additionally we could demonstrate that modifica-
A series of 48 propafenone-type modulators of multidrug resisggns on the phenone moiety influence pharmacological
tance was synthes_ized and their P-gl_ycoprotein inhibitory aCtiVit)éctivity independently of hydrophobicity of the molectiks
e Rl TR G ENII CuITS sz Sl Fref_b obtain additional information on structural requirements

Wilson and a combined Hansch/Free-Wilson analysis were pe for hiah oh loaical T ;
formed using logP, partial logP and molar refraction values as necessary for high pharmacological activity, we performed

Hansch descriptors. The results of the Free-Wilson analysis shd¥th a Free-Wilson and a combined Hansch/Free-Wilson

that modifications on the central aromatic ring generally influenc@&nalysis on a set of 48 compounds. The data set includes
pharmacological activity, whereby almost all cases a decrease substances with variations on the nitrogen atom, on position 1
in MDR-modulating potency is observe@’y = 0.66). The com-  of the acyl side chain, and on the substitution pattern of the

bined approach results in equations with remarkably higher presentral aromatic ring.

dictive power chv = 0.83), specifically molar refractivity shows

high significance in all equations derived. This indicates that polar

interactions also contribute to protein binding. Results and Discussion

Introduction Chemistry

Inhibition of the multidrug transporter P-glycoprol@ln Compounds were prepared in analogy to previously de-
(PGP) represents a promising approach at least for the tresmiribed procedures (for references see Table 2). Briefly, an
ment of multiresistant haematological malignané?eé]. appropriate phenol was reacted with epichlorohydrin to give
Although numerous compounds which are able to blodke corresponding aryl ether. Subsequent reaction with an
PGP-mediated toxin transport are described in the literatueamine yielded the desired target compouddd8 The
only little information is given on quantitative structure-acehemical structure of compountis48and the descriptor set
tivity relationships within the class of MDR modulatéfs  for the Free-Wilson analysis is given in Table 1 and Figure 1.
Pajeva and Wiese performed a detailed study on 17 thioxan-
thenes and 17 phenothiazines using the Free-Wilson MDR-Modulating Activity
proach[5]. In both cases, the type of the nitrogen substituent,
the distance between the aromatic ring system and the nitrofhe daunomycin efflux assay is a direct and accurate func-
gen atom, and the stereochemistry contribute to high MDRonal method to measure inhibition of PGP-mediated trans-
reversal activity. Recently, Klopman et al. published a stugyemprane transport, The resistant human T-lymphoblast cell
using the MULTICASE software package for structure-actij,e cemM ver1006! was used in our studies. The time

ity relationship studies on ?{%9 structurally and functionallye o gent decrease in mean cellular fluorescence was deter-
?:l\ée_rie_zchlﬂ_'DEI:evec)r%?rlnzgﬁ oXV1 ﬁgr\:elral k;|0§r?é) rgiso' (r%;) e Smined in the presence of various concentrations of modifier
2 22 ypheny., ... P nd the first order rate constannmbxKm) were calculated

(-COOH, aniline, quaternary ammonium, phenol, ...) we f ) vsis. A on T ol
identified and 10 out of 14 test set compounds were correclly, nonlinear regression analysis. A correction for simple
usion was achieved by subtracting the efflux rates ob-

predicted. This indicates that a QSAR approach mainly ba ! | "
on indicator variables for substructural features might b¥erved in the parental line. B§values of modifiers were
successful in the field of MDR modulators. calculated from dose response curveéefiKmvs modifier

We recently described a series of propafenone analogscascentration. Values are given in Table 2 and represent the
highly active PGP inhibitor€]. Within series of analogous mean of at least three independently performed experiments.
derivatives an excellent correlation between inhibition dBenerally, interexperimental variation was below 20%.

Arch. Pharm. Pharm. Med. Chem. © WILEY-VCH Verlag GmbH, D-69451 Weinheim, 1998 0365-6233/98/0708/0233 $17.50 +.50/0



234 Ecker and co-workers

Table 1: Chemical structure and X-descriptor characteristics of com- agreement with those obtained experimentally using two

poundsl—48 different HPLC methodE3! The molecules were generated

Descr® — X % X X s X6 X using the builder function and were energetically minimized
i with the optimization tool. Conformationally independent

_ P 2 3 4 5 6 7 8 log P and MR values were calculated. For the determination

Xs 9 10 11 12 of the logP contribution of substituents on the nitrogen atom

X9 13 14 15 16 17 (log Py) the difference of the corresponding phenylpropio-

X10 18 19 ; ;

” 20 ” 2 23 ” phenone derivative and propafenone was calculated. The

XE o5 26 27 log Pincrement of the acyl substituent on the central aromatic

X13 28 29 moiety (log Pac) was obtainedia subtraction of the lo§

X14 30 31 32 33 value of the corresponding phenyloxypropanolamine. All

X15 34 35 36 values are given in Table 2. Furthermore, in this table the

Xie 37 38 39 40 columnsly andlp indicate whether the acyl moiety is shifted

X17 41 42 43 P

Xis a4 45 from theortho- to themeta(ly,) or para-position (p) to the

X19 46 47 48 propoxy group. As can be seen in Table 3, a high level of

intercorrelation between MR and the lipophilicity parameters
@The descriptor¥i to X7in the first row indicate substituents in R1 positionlog P, log Py, and logPac is observed. Additionally, loBy
of Figure 1, whereas the descriptofsto X1g in the first column indicate gnd |09PAC are intercorrelated with |d§_
substituents in R2 position;
numbers in the table are compound numbgiis: the parent molecule
propafenone with no structural modification; ana®gcontains theXa o . . .
substituent in R1 position (NH-Pr replaced by 1-piperidyl) as well as the Quantitative Structure Activity Relationships
Xg substituent in R2 positionoftho-COGH4Ph replaced byortho-
CH(OH)CH4Ph), etc.

The Fuijita-Ban modification of the Free-Wilson meth8l
was used in the present study. Multiple linear regression
analyses were performed using an in-house software package
The log P values were calculated according to the methddveloped by K.-J. Schaper and M. Wiese. Generally, the
of Ghose and Crippé]rjr] using the MOLGEN software pack- 95% confidence intervals are given for each regression coef-
age ['?]. As previously demonstrated on a series dficient. Activity predictions were obtained by the leave-one-
propafenone analogs, the calculated values are in excellent method.

Physicochemical Parameters

CH
N (ortho) H
X A Xs CH(OH)C,H,Ph o \)\/ N ~ch
3
F (ortho) O O
X . X CH(OCH3)C.H,Ph
- N \/\\I
) (ortho)
He cn, X1 |cocH,
X3 /\Nr CH, X (ortho) ‘
L 11 COC,H,Naphth Propafenone (1)
X (ortho)
N 12 |COC.Hs;
X4 - \i\\o

(ortho)
X2
Xs /N%N 13 COPh O\)\/R1
: XM

(ortho — para)

COC,H,Ph
R2
X5 |5OH
Xe | _»
X6 5-OCH,Ph R1: X1-X
OH % (ortho — para) R2: Xs-X1o
17 COCH;
H O (ortho — meta)
X5 AN Xi3 | COCHPR
(ortho — meta)
Xio | cocH,

Figure 1: All X-descriptors state the differences to the lead compound propafefigrXig indicate a shift of the acyl group to thara- or metaposition,
whereas<is andXie indicate the presence of OH or O&h inp-position to the propoxy group (i.e. no changemfioc-COCH4Ph).

Arch. Pharm. Pharm. Med. Chem. 331, 233-240 (1998)



Propafenone-Type Modulators of Multidrug Resistance

Table 2 Physicochemical parameters and MDR-modulating activity of compduid@s

No Anal? log P log Pac Im Ip log Pn MR ECso (UM)
1 Ref. [23] 3.36 1.57 0 0 0.00 101.20 1.08
2 Ref. [6] 3.67 1.57 0 0 0.31 108.80 0.68
3 Ref. [6] 4.93 1.57 0 0 1.57 147.20 0.14
4 Ref. [6] 4.25 1.57 0 0 0.89 115.90 0.31
5 Ref. [6] 2.54 1.57 0 0 -0.82 115.10 3.75
6 Ref. [14] 4.43 1.57 0 0 1.07 146.00 0.38
7 Ref.[18]  3.98 1.57 0 0 0.62 134.50 0.07
8 Ref.[18] 6.51 1.57 0 0 2.15 150.00 0.72
9 Ref. [8] 3.94 2.48 0 0 0.31 109.40 1.34

10 Ref. [8] 5.20 2.48 0 0 1.57 147.70 0.67

11 CHN,Cl 452 2.48 0 0 0.89 121.00 1.74

12 CHN,Cl 281 2.48 0 0 -0.82 115.70 9.54

13 Ref. [8] 4.30 2.84 0 0 0.31 114.10 0.77

14 Ref. [8] 5.56 2.84 0 0 1.57 152.50 0.23

15 C,HN,Cl 488 2.84 0 0 0.89 125.80 0.66

16 CHN,Cl 3.17 2.84 0 0 -0.82 120.50 1.80

17 CHN,Cl 7.14 2.84 0 0 2.15 155.30 0.75

18 Ref. [18] 2.67 -0.69 0 0 1.57 105.00 3.84

19 Ref. [8] 1.73 -0.69 0 0 0.62 105.50 2.83

20 CHN,Cl 467 3.21 0 0 0.31 126.00 0.17

21 CHN,Cl 525 3.21 0 0 0.89 133.00 0.54

22 Ref.[19] 3.54 3.21 0 0 -0.82 123.10 0.68

23 CHN,CP 4.98 3.21 0 0 0.62 151.70 0.07

24 CHN,Cl 751 3.21 0 0 2.15 167.00 0.72

25 Ref.[18]  2.07 -0.69 0 0 0.31 84.56 6.84

26 Ref. [7] 0.94 0.61 0 0 -0.82 81.68 207.20

27 Ref. [18] 2.38 0.61 0 0 0.62 110.20 0.30

28 Ref. [18]  4.57 1.85 0 0 1.57 125.60 0.42

29 Ref.[18]  3.62 1.85 0 0 0.62 125.10 0.19

30 Ref. [8] 3.67 1.67 0 1 0.31 108.80 1.36

31 Ref. [8] 4.93 1.57 0 1 1.57 147.20 2,53

32 CHN,Cl 4.25 1.57 0 1 0.89 115.90 0.92

33 CHN,Cl 254 1.57 0 1 -0.82 115.10 6.86

34 Ref. [14]  3.00 1.57 0 1 0.00 101.80 3.02

35 Ref. [14]  3.29 1.57 0 1 0.31 110.60 2.30

36 Ref. [14]  4.04 1.57 0 1 1.07 148.60 0.53

37 Ref.[14]  5.00 1.57 0 1 0.00 133.00 0.11

38 Ref.[14] 5.28 1.57 0 1 0.31 140.60 0.17

39 Ref. [14] 5.86 1.57 0 1 0.89 147.60 0.08

40 Ref.[14] 6.04 1.57 0 1 1.07 178.50 0.12

41 CHN,Cl 1.42 -0.69 0 1 0.31 79.81 75.90

42 CH,N,CF 267 -0.69 0 1 1.57 105.00 11.89

43 Ref. [20] 0.28 -0.69 0 1 -0.82 76.94 302.05

44 Ref. [8] 3.67 1.57 1 0 0.31 108.80 0.39

45 Ref. [8] 4.93 1.57 1 0 1.57 147.20 1.12

46 Ref. [20] 1.42 -0.69 1 0 0.31 79.81 9.07

47 CHN.CF 267 -0.69 1 0 1.57 105.00 11.36

48 Ref.[20] 0.28 -0.69 1 0 -0.82 76.94 117.69

& gatisfactory C, H, N, and Cl elemental analys€s4%) were obtained;Cl: calcd 6.49, found 5.96;

€ C: calcd 59.05, found 58.38CI: caled 15.92, found 15.35.

Arch. Pharm. Pharm. Med. Chem. 331, 233-240 (1998)
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236 Ecker and co-workers

Free-Wilson Analysis out procedure. Only thertho acetyl derivative4d8 and19

and two propionyl analog®2¢ and 27) are not properly

As shown in Table 1, 19 indicator variables were used E?edicted by the model, which might be due to the fact, that

describe the chemical structure of 48 propafenone analo Sthx
andXj» are represented by only two compounds.
Propafenone 1) was used as the reference molecule. A 10 12 P y ony P

cpmppunds exhipit an aryloxypropanolamine paqkbone apfnsch Analysis
differ in the substituents on the central aromatic ring system
and on the nitrogen atom. Multiple linear regression analyse®reviously performed QSAR studies showed, that lipo-
followed byX-descriptor reduction using the t-test resulted iphilicity is a major predictive parameter for MDR-modulat-
equation (1). The final equation shows that among the R1g activity of propafenone-type compounds. Recently
substituents morpholineXg) leads to a statistically signifi- performed studies demonstrated that this is also the fact for
cant decrease of activity, whereas 4-hydroxy-4-phenyMDR-modulating] dihydropyridines, pyrazoles and
piperidyl (Xg) remarkably enhances the MDR-moduIatinghienothiazine&1L . Within the series of propafenone analogs
potency. Among the descriptors describing variations on titieere is also evidence, that the substituent on the nitrogen
central aromatic ring syste{g=Xyg), 8 out of 12 proved to atom influences activity mainly via its contribution to overall
significantly influence pharmacological activity. With thelipophilicity of the compounds. Thus, we extended our Free-
exception of a 5-benzyloxy substitued ) all modifica- Wilson analysis using both overall lipophilicity (169 and
tions gave rise to a decrease of activity. Thus, reduction of tpartial lipophilicity values of the substituents on the nitrogen
carbonyl group in the propiophenone moiety, exchange lyom (logPy) and on the central aromatic ring system
acetyl or propionyl, and a shift of the substituentrietaor  (log Pac) as descriptors. In case of IBgc also the indicator
para position of the ether oxygen negatively influence PGFariablesly, (substitutionmetato the ether oxygen) arg
inhibitory activity. Also hydroxylation in position 5 of the (Substitutiorparato the ether oxygen) were used to describe
central aromatic ring system, which is expected to be the male substitution pattern on the central aromatic ring. Addition-
metabolic pathway of propafenone-type compounds, daly, the molar refraction (MR) of the compounds, which also
creases activity. This is in accordance to results obtainedtékes into account polar interactions, was included in our

QSAR studies using Hansch analy£ig®! studies. Using these physicochemical parameters alone or in
various combinations, generally lower predictivity was ob-
log(1/EGs0) = — 0.74(0.28%4 + 0.69(0.38%s — tained when compared to the Free-Wilson approach (Table
0.45(0.39Xg — 0.84(0.56%10— 1.21(0.45%12— 3). The best cross validat€@f was obtained with lo§ac
0.51(0.39X14 — 0.53(0.44X15 + 0.59(0.3% 16 — and MR. However, the contribution of Id@nc was not
1.91(0.44X17— 1.46(0.44%19 + 0.34(0.17) (1)  significant on the 95% level. Thus, using MR alone as de-
r=0.94,s=0.35F= 25.87,Q2CV: 0.66,n=48 scriptor, the following equation [eq. (2)] was obtained:

The final Free-Wilson equation obtained describes tHeg(1/EGsg) = 0.027(0.007)MR — 3.36(0.87);
pharmacological activity of the compounds in a good wascaled: log(1/E€p) = 0.75(0.29)MR 2
(Figure 2;r = 0.935) and exhibits good predictive powerr =0.75,s=0.59,F = 58.60,Q°%=0.51,n=48
Given the fact that the ratio of cases to adjustable coefficients
is 4.4, this is a quite good result. Additionally, no intercorre-
lation is observed between the variables used (highagie: 109(1/EGy) = 0.41(0.11)lod® —1.71(0.47);

Xg/X12 = 0.194). Figure 3 shows the plot of predicted scaled: log(1/E€p) = 0.74(0.20)lod? (3)
observed activity obtained for equation (1) using a leave-onie= 0.74,s = 0.59,F = 55.38,Q%y = 0.49,n = 48

Iog(1/EC5o) calcd
log(1/EC,,) pred.

T3 -2 -1 0 1 -3 2 -1 ‘ 0 ‘ 1
log(1/EC ) obs. log(1/ECg) Obs.

Figure 3: Plot of predictedvs observed MDR-modulating activity (ex-
Figure 2: Plot of calculatedss observed MDR-modutating activity (ex- pressed as log (1/&6) values) for compounds-48 according to equation
pressed as log (1/E6) values) for compounds-48 according to equation (1). The predicted values were obtained using a leave one out procesure;
(1);r =0.94,5=0.35n = 48. 0.94,s= 0.35,Q%v = 0.66,n = 48.

Arch. Pharm. Pharm. Med. Chem. 331, 233-240 (1998)
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Table 3 Intercorrelation matrix of physicochemical parameters and statistical parameters of Hansch equations.

log Pn log Pac MR logP log (L/EGso) s F chv
log Pn 1.000 0.409 0.81 9.23 0.08
log Pac 0.091 1.000 0.618 0.69 28.49 0.33
MR 0.592 0.637 1.000 0.748 0.59 58.60 0.51
logP 0.628 0.717 0.870 1.000 0.739 0.59 55.38 0.49

Generally, the values are given. Column log (1/6gEshows the value of the correlation between the corresponding
physicochemical parameter and the MDR-modulating activity (expressed as logof1l4& €, and chv are the

statistical parameters for these correlations.

Nevertheless, using l0g as descriptor, nearly the sameregression analysis to reduce the numbét déscriptors by

predictiveness was obtained [eq. (3)].
The slightly higher significance of MRs I(ég
indicate that also polar interactions take pl

P might
b This is

elimination of non-significant variables.
Generally, the results obtained showed higher crossvali-
datedQ? values than those from the Free-Wilson and Hansch

supported by recent results from Konings et al., who showadalysis alone. When Id@y was used together witky—X7,
that the dipole moment seems to be an indicator for substratdy Xg andX; showed statistically significant contributions.
and inhibitor properties of compounds interacting with P-glyFhis indicates that 4-hydroxy-4-phenylpiperiding)( and

coprotein8l,

Combined Approach

Combined Free-Wilson/Hansch analysis is a versatile to
in medicinal chemistry using both physicochemical parame:
ters and substructure related indicator variables to descr
the biological activity of series of compounds. Thus, we us

the Free-Wilson descriptoXg—X19 and combined them with
the Hansch descriptors |6y log Py, log Pac and MR in all

possible combinations. When I1Bgc was used as descriptor,

the Free-Wilson descriptod§ o—X13 were omitted aniy4
andX17-X1g9 were replaced by the indicator variablgdlm
=1 forXigor Xi9=1, else = 0) ant} (Ip = 1 forXi14 or X17
=1, else = 0). Thus, in this case all acyl substituents on
central aromatic ring are described by their contribution

the lipophilicity of the molecule and their relative position t
the ether oxygen. In analogy to the Free-Wilson analysis;

§%§Ied: log(1/E€p) = 0.98(0.15)MR - 0.21(0.1B)—

diphenylpropylamineXz) influence MDR-modulating activ-
ity independently of their contribution to lipophilicity of the
molecules, which is in accordance with previously obtained
results!®l. Due to the high intercorrelation of MR and RBg
and the slightly higher significance of MR in the Hansch
Ealysis [eq. (2)], lo® was omitted from the descriptor set.
e best equation was obtained when starting either with
—Xg, X15, X16, MR, logPac, Im, Ip) or (X1—Xo, X15, X16,
, logPac, Im, Ip) or with (X1—Xg, X15, X16, MR, logPac,
m: Ip, l0ogPN). In all three cases, the following equation [eq.
(4), Figure 4] was obtained:

log(1/ECsg) = 0.035(0.005)MR — 0.40(0.22)-

0.87(0.29%, — 0.82(0.27%4 — 0.95(0.47¥s5 —

1.62(0.47X7 — 0.43(0.36Xg — 3.76(0.64);

(4)
8(0.12X> — 0.37(0.12%4 — 0.27(0.13Ys5 —

145(0.13)X7 — 0.14(0.11%g

0.94,5= 0.33F = 41.98Q%, = 0.83,n = 48

several subsequent runs were performed in the multiple linear

2

.23

Iog(1/EC§O) pred.

'
w

-1 0
log(1/ECg) Obs.

Figure 4: Plot of predictedvs observed MDR-modulating activity (ex-
pressed as log (1/&€) values for compounds-48 according to equation

MR clearly shows the highest statistical significance, fol-
lowed byX7, X4, andXy. Interestingly|p, (but notl ) remains
in the descriptor set, although I8¢ is not present in the
final equation. This indicates that the informatipara-acyl
instead ofortho-acyl” seems to be important for describing
the PGP-inhibitory activity of the molecules. Additionally,
reduction of the carbonyl group (iXg=1) also significantly
decreases activity, which is a further hintloé importance
of a phenone moiety.

Conclusions

Both Free-Wilson and combined Free-Wilson/Hansch
analyses were performed on a set of 48 MDR modulators
structurally related to propafenone. Using Free-Wilson
analysis alone (19 descriptors), a QSAR equation with mod-
erate, but nevertheless significant predictiveness was ob-
tained. From the descriptors indicating various substructures

(4). The predicted values were obtained using a leave-one-out proced@8; the nitrogen atom only those for morpholine and 4-hy-

r=0.94,5=0.33,Q%v = 0.83,n= 48.

Arch. Pharm. Pharm. Med. Chem. 331, 233-240 (1998)
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Table 4: Statistical parameters of combined Free-Wilson/Hansch approaches.

Descriptors r S F chv Descriptors in final equation
FW,logP 0.88 0.43 29.56 0.70 108, X2,X4,X6,X7
FW,logPac,Im,Ip 0.92 0.41 13.00 0.72 loBAc,X4—Xs,X8,X9,X15
FW,logPn 0.96 0.35 27.22 0.81 |0BIN, X6—X8,X10,X12-X17,X19
FW,MR 0.94 0.39 34.63 0.81 MBR2,X4,X5,X7,X8,X14,X17
FW,logP,log Pac,Imlp, 0.90 0.41 28.80 0.74 loBAc,P,X4,X6,X8,X16
FW,logP,log Pn 0.96 0.34 27.40 0.78 l0B,l0g Pn,Xe—X8,X10-X17,X19
FW,logPac,log Pn,Im,lp 0.92 0.44 29.60 0.78 loBac,log Pn,X6—X8,X16
FW,logPac,MR,Im,lp 0.94 0.33 41.98 0.83 MRy, X2,X4,X5,X7,X8
FW,logPn,MR 0.96 0.34 26.20 0.80 loBN, MR, X6—Xg,X10-X17,X19
FW,logP,log Pac,log Pn,Im,Ip 0.91 0.45 31.99 0.77 loBac,log Pn,Xe—Xg,X16
FW,logPac,log Pn,MR,Im,Ip 0.94 0.33 41.98 0.83 MRy, X2,X4,X5,X7,X8

statistically significant. With the exception of 5-benzyloxy 3-(N.N-Diisopropylamino)-1-(2-(1-hydroxy-3-phenyl-propyl)phenoxy)-
variations on the central aromatic ring generally negativeRProranol ¢1)
influence MDR-modulating activity, as indicated by the fact Mixture of diasterecisomers; yield: 60.4%; colorless &i#; NMR
that 8 out of 12 descriptors are statistically significant an@DCls): 31.01 (d, 6HJ = 6.4 Hz, 2 CH), 1.08 (d, 6H,) = 6.4 Hz, 2 CH),
show negative regression coefficients. This demonstrates tA&p-2-30 (m, 2H, ar-CH(O)#&), 2.46-2.92 (m, 4H, Chph, CH-N), 3.07
the o-alkoxyphenone moiety seems to be crucial for higffPt 2H» = 6:4 Hz, N-(CH)), 3.49-3.58 (m, 1H, OH), 3.86-3.94 (m, 1H,
PGP-inhibitory potency. The combined approach using su H(0)), 4.02 (ad, 1H) = 4.7/10.3 Hz, O-CH, 4.09 (dd, 1H) = 3.8/10.3
yp y app ISING SUR; "'0-CHy), 3.85-4.25 (br, 1H, OH), 4.77—4.90 (m, 1H, ar-CH(O)), 6.90 (d,
structural logP values and molar refraction as additioXal 1H, j = 8.1 Hz, aromatic 3-H), 6.95 (t, 1H,= 7.5 Hz, aromatic 5-H),
variables, generally resulted in equations with higher predig14-7.28 (m, 7H, aromatic H)°C NMR (CDCk): & 19.26 (CH), 22.37
tive power. MR showed high significance in all equationgCHs), 32.43 (CH), 38.00, 38.47 (Ch), 46.68 (CH), 48.07 (CH), 65.42

indicating that polar interactions also contribute favoratbly (1C2:|;)i67%2572’411.13288 (2?-?'2 87%591i2781é,291( (OH 11-2%?4)13'213&; (15)5?‘512 .
PprH _ ; .16, 44, .26, .35, .39 (aromatic , . , 17,
binding to P-glycoprotein. 142.24 (C), 156.43, 156.52 (C).
11-hydrochloride yield: 60.5%; mp 117-119 °C (diethyl ether); Anal.
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. Mixture of diastereoisomers; yield: 77.9%; yellowish dif NMR
Experimental (CDCh): & 2.05-2.27 (m, 2H, CH(O)482), 2.39-2.89 (m, 8H, CHN-
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Melting points were determined on a Reichert-Kofler hot-stage micr 0 3§§?C(§)H)703§92303§14(%&%5705276‘%%?(5&?; (3%&)11254?[41(24 %’3

scope and are uncorrected. Elemental analyses were performed by M 562, 127.22, 127.30, 128.20, 128.23, 128.30, 128.36, 128.37 (aromatic
roanalytisches Laboratorium, Institute of Physical Chemistry, University H). 1é2 88'(C5 142' 11’ ©) '15(’5 07 156 09 (C) ’ o ’

Vienna. NMR spectra were recorded on a Varian UnityPlus spectrometen 5 . drochloride vield: 71.9%: mp 148-158 °C (ethyl acetate): Anal
(300 MHz for'H, 75 MHz for C) using CDC solutions at 28 °C. The 5 SEVENEL R Fe TP (ethy )i Anal
center of the solvent signal was used as an internal standard which was relgltecj—| I
to TMS withd7.26 ppmJ(H) andd 77.0 ppm J(3(:). Column chromatographic

separations were performed on Merck Kieselgel 60 (70 — 230 mesh). YiefiéN:N-Diisopropylamino)-1-(2-(1-methoxy)-3-phenyl-propyl)phenoxy)-

given below are not optimized and refer to analytically pure material. ~ 2-Propanol ¢5)
Mixture of diastereoisomers; yield: 65.7%; yellowish dif NMR
General Procedure for Preparation of Amines (CDCl3): 51.02 (d, 6H,) = 6.4 Hz, 2 CH), 1.07 (d, 6H,) = 6.4 Hz, 2 CH),

To a solution of 5.0 mmol of the corresgonding epoxidel(fot2, 15-17, 1.96-2.07 (m, 2H, CH(0)8), 2.43-2.83 (m, 4H, CHN, Ch-ph), 3.06
32,33 see refl”), for20, 21, 23, 24 see ref??), and ford1, 42, 47 see ref?l]) (sept, 2H,J = 6.4 Hz, N-(CH)), 3.25, 3.27 (2 s, 3H, OGH{ 3.81-4.06 (m,
in 20 mL methanol 5.1 mmol of the desired amine was added. The reactftfi O'_CHZ'CH(O)’ OH), 4.64, 4.67 (21, 1 = 6_'2 Hz, ar-CH(0)), 6.88 (d,
mixture was heated at 50 °C till the reaction was completed (tlc control). ThEL J = 8.1 Hz, aromatlc_S-H), 6.99 (t, 1R,= 7.5 Hz, aromatlc i%'H)’
solvent was evaporated and the resulting oil was purified via column chrp12-7.27 (m, 6H, aromatic H), 7.37 (d, IH; 7.5 Hz, aromatic 6-H)"C

matography (silica gel, Gi&lz/methanol/NH conc 200/10/1 — 400/10/1). NMR (CDCk): 8 19.57, 22.12 (CH), 31.96, 32.10 (Cb), 38.09, 38.37
(CHy), 47.25 (CH), 48.20 (CH), 56.77 (CH, 65.60 (CH), 70.82, 70.96

(CHy), 76.77 (CH), 111.36, 111.50, 120.85, 120.89, 125.50, 126.45, 126.59,

128.02, 128.06, 128.10, 128.14, 128.34, 128.41 (aromatic CH), 130.45 (C),
1.0 mmol of the amine was dissolved in ethyl acetate and 1.2 mL of a 1M2.24 (C), 156.26, 156.35 (C).

solution of HCI in diethyl ether was added. The resulting precipitate was15-hydrochloride yield: 70.4%; mp 94-96 °C (diethyl ether); Anal.

filtered off and recrystallized. (C25H37NO3* HCI): C, H, N, CI.

General Procedure for Formation of the Hydrochlorides
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1-(2-(1-Methoxy-3-phenyl-propyl)phenyloxy)-3-(4-morpholinyl)-2-pro-  1-(2-(2-Hydroxy-3-(4-hydroxy-4-phenyl-1-piperidyl)propoxy)phenyl)-3-(1-
panol (16) naphthyl)-1-propanone2)

Mixture of diastereoisomers; yield: 64.5%; colorless GH; NMR Yield: 91.5%; yellow oil, which solidifies slowly'H NMR (CDCk): &
(CDCly): & 1.94-2.10 (m, 2H, CH(O)4d), 2.39-2.84 (m, 8H, CHph,  1.57-1.72 (m, 2H, -OH), 1.92-2.15 (m, 4H, piperidine 3-H, 5-H), 2.25-2.58
CH2-N-(CHg)2), 3.24, 3.26 (2 s, 3H, -G 3.15-3.35 (br, 1H, -OH), (m, 6H, CH-N-(CHy)2), 3.42-3.58 (m, 4H, CO-CHCH), 3.88-4.13 (m,
3.66-3.79 (m, 4H, CHO-CHp), 3.91-4.07 (m, 3H, O-CHCH), 4.53, 4.55 3H, O-CH-CH(0)), 6.95 (d, 1HJ = 8.4 Hz, aromatic 3-H), 7.03 (t, 1Bl
(2t,1H,J=6.8/7.1 Hz, CH(OCH)), 6.86 (d, 1HJ = 8.3 Hz, aromatic 3-H), 7.5 Hz, aromatic 5-H), 7.14-7.54 (m, 10H, aromatic H), 7.70 (ddJ¥H,

6.99 (t, 1HJ = 7.5 Hz, aromatic 5-H), 7.13-7.38 (m, 7H, aromaticllgfj; 3.3/6.0 Hz, aromatic H), 7.82 (m, 2H, aromatic H), 8.08 (d,JI#7.5 Hz,
NMR (CDCh): & 32.03 (CH), 37.94, 38.10 (Cb), 53.81 (CH), 56.76  aromatic H-6)"C NMR (CDCh): 527.79 (CH), 38.90 (CH), 45.37 (CH),
(CHa), 61.20 (CH), 65.64 (CH), 66.87 (Ch), 70.48, 70.67 (Ch), 76.99, 48.23 (CH), 51.27 (CH), 61.20 (C), 65.58 (C#), 71.23 (CH), 113.02,
77.36 (CH), 111.68,111.81,121.09, 125.59, 125.61, 126.77, 126.98, 128.12]1.40, 124.13, 124.90, 125.91, 126.03, 126.32, 127.10, 127.47, 128.76,
128.42, 128.44, 130.34, 130.43 (aromatic CH), 142.13, 142.19, 156.029.15, 130.96, 134.05 (aromatic CH), 128.38 (C), 132.23 (C), 134.22 (C),

156.23 (aromatic C). 138.17 (C), 148.50 (C), 158.35 (C), 201.56 (CO).
16-hydrochloride yield: 91.2%; mp 84-86 °C (ethyl acetate); Anal. 23-hydrochloride yield: 78.6%; mp 147-149 °C (diethyl ether/acetone);
(C23H31NO4* HCI): C, H, N, Cl. Anal. (C33H3sNO4* HCI): C, H, N; Cl: calcd 6.49, found 5.96.

3-(3,3-Diphenylpropylamino)-1-(2-(1-methoxy-3-phenyl-propyl)phenoxy)-L-(2-(3-(3,3-Diphenylpropylamino)-2-hydroxy-propoxy)phenyl)-3-(1-naph
2-propanol (7) thyl)-1-propanone24)

: . . : ol . _

Mixture of diastereiosomers; yield: 55.0%; yellow o NMR (CDCh): Yield: 26.6%; yellowish oil,H NMR (CDCh): 52.21 (qu, 2H) = 7.5 Hz,
51.5-2.3 (br, 2H, OH. NH). 1.63-2.00 (m. 2H. CH(GHG, 2.25 (qu, 2+, CH(PNE-CHz), 2.37-2.66 (m, 4H, CHN-CHy), 2.80-3.20 (br, 2H, OH,
J= 7.5 Hz, CH(ph}CH2), 2.58-2.74 (m, 6H, CHN-CHp, CHp-ph), 3.21, NH). 3.38-3.51 (m, 4H, CO-GHCHy), 3.81-3.98 (m, 4H, O-CHCH(O),
3.22 (2's, 3H, OCH), 3.81-3.92 (m, 3H, O-CHCH(O)), 4.02 (t, 1H] = CH(ph)), 6.91 (d, 1HJ = 8.4 Hz, aromatic 3-H), 7.00 (t, 18l= 7.5 Hz,
75 Hz C’H(p’hé) 2 4’1_4 48 (m 1H’ CH’(OQj)b 6.82 (c’i 1H] =’8 1 Hz aromatic 5-H), 7.12-7.52 (m, 15 H, aromatic H), 7.66—7.72 (m, 2H, aromatic
aromatic 3-H), 6.98 (t, 1H] = 7.3 Hz, aromatic 5-H), 7.127.34 (m, 17H, ) 7:81 (d. 1HJ = 6.9 Hz, aromatic H), 8.02 (d, 18= 7.8 Hz, aromatic
aromatic H)°C NMR (CDCh): 5 31.99 (CH), 35.89 (CH), 37.76, 37.97 0-1); "C NMR (CDC): 3 27.23 (CH), 35.14 (CH), 44.25 (CH), 47.93
(o), 48,24 (CH), 48.95 (CH). 51.62. 5179 (G 56.71 (CH), 6630 (CH2), 48.80 (CH), 51.62 (CH}, 67.20 (CH), 71.07 (CH, 112.98, 120.96,
(CHy, 70,62, 70.96 (CB), 7714, 7772 (CH), 111.86, 112,00, 121.05.123:57, 12548, 125.60, 12590, 126.23, 126.73, 127.65, 127.88, 128.46,
12559, 125.62, 126.18, 126.97, 127.30, 127.69, 128.20, 128.29, 128 425- 76 130.31, 133.60 (aromatic CH), 127.67 (C), 131.65 (C), 133.77 (C),

. 7.49 (C), 144.36 (C), 157.61 (C), 201.40 (CO).
128.51 (aromatic CH), 130.12, 130.30 (C), 142.10 (C), 144.60 (C), 156.1T,) | ochioride yield: 65.6%: mp 76-80 °C (ethyl acetate); Anal.
156.35 (C). Ca7Ha7NOse HCle H20): C, H, N, Cl
17-hydrochloride yield: 64.1%; mp 120-126 °C (ethyl acetate); Anal.(C37H37NOs 20): C, H, N, Cl.
(C34H39NO3z*HCI): C, H, N, Cl.
1-(4-(3-(N,N-Diisopropylamino)-2-hydroxy-propoxy)phenyl)-3-phenyl-1-
o propanone 32)
1-(2-(2-Hydroxy-3-(1-piperidyl)-propoxy)phenyl)-3-(1-naphthyl)-1-pro-
panone 20) Yield: 26.8%; yellowish oil'H NMR (CDCh): 61.02 (d, 6H,J = 6.6 Hz,
) 1 2 CHg), 1.06 (d, 6HJ = 6.6 Hz, 2 CH), 1.20-1.40 (br, 1H, OH), 2.48 (dd,
Yield: 72.5%; yellow oil;"H NMR (CDCk): 4 1.30-1.55 (m, 6H, CHH  1H, J = 10.2/13.5 Hz, CHN), 2.71 (dd, 1HJ = 4.2/13.5 Hz, CHN),
CHp-CHp), 1.82-1.98 (m, 2H, CHN), 2.15-2.37 (m, 4H, N~(Ch), 3.43—  3.03-3.15 (m, 4H, Ctiph, N-(CHY), 3.25 (t, 2H,J = 7.5 Hz, CO-CH),
3.55 (m, 4H, CO-CRtCHy), 3.20-3.80 (br, 1H, OH), 3.86-3.98 (m, 2H, 3.90-4.05 (m, 3H, O-CHCH(O)), 6.96 (d, 2HJ = 8.7 Hz, aromatic 3-H,
0-CHp), 4.00-4.11 (m, 1H, CH(O)), 6.94 (d, 1H= 8.4 Hz, aromatic 3-H), 5-H), 7.20-7.33 (m, 5H, aromatic H), 7.94 (d, 2i,8.7 Hz, aromatic 2-H,
7.05 (t, 1HJ = 7.5 Hz, aromatic 5-H), 7.35-7.57 (m, 5H, aromatic H), 7.75-Hy; 3¢ NMR (CDCbh): 6 19.49 (CH), 22.12 (CH), 30.22 (CH), 40.00
(dd, 1H,J = 4.5/4.8 Hz, aromatic H), 7.78-7.86 (m, 2H, aromatic H), 8-0@CH2), 46.80 (CH), 48.32 (CH), 65.26 (CH), 70.91 (GH114.19, 125.96,
(d, 1H,J = 8.1 Hz, aromatic 6-H}°C NMR (CDCh): §23.85 (CH), 25.76  128.32, 128.39, 130.16 (aromatic CH), 129.95 (C), 141.36 (C), 162.72 (C),
(CHp), 27.34 (CH), 45.08 (CH), 54.17 (CH), 61.53 (CH), 64.73 (CH),  197.08 (CO).
70.78 (CH), 112.45, 120.87, 123.62, 125.41, 125.52, 125.83, 125.87,32-hydrochloride yield: 87.7%; mp 132-134 °C (diethyl ether); Anal.
126.64, 128.71, 130.49, 133.58 (aromatic CH), 127.84 (C), 131.77 (QE,4H33NOs+ HCI): C, H, N, CI.
133.80 (C), 137.71 (C), 157.89 (C), 200.10 (CO).
20-hydrochloride yield: 75.6%; mp 171-174 °C (ethyl acetate); Anal.

(C27H31NOz HCI): C, H, N, Cl. 1-(4-(2-Hydroxy-3-(4-morpholinyl)-propoxy)phenyl)-3-phenyl-1-pro-

panone 83)

Yield: 51.1%; yellow oil™H NMR (CDCh): 8 2.23-2.75 (m, 6H, CkN-
(CH2)2), 3.05 (t, 2H,) = 8.1 Hz, CH-ph), 3.25 (t, 2HJ = 8.1 Hz, CO-CH),
3.35-3.55 (br, 1H, OH), 3.67—3.80 (M, 4H, £0-CHp), 4.02—4.18 (m, 3H,

Yield: 63.7%; yellow needles, mp 74-75 °C (diethyl ether/petroleurR-CH>-CH(Q)), 6.95 (d, 2H] = 8.7 Hz, aromatic 3-H, 5-H), 7.18-7.34 (m,
ether);lH NMR (CDCh): 5 0.85 (d, 6H,J = 6.6 Hz, 2 CH), 0.92 (d, 6H,] 5H, aromatic H), 7.94 (d, 2H, = 8.7 Hz, aromatic 2-H, 6-H)1] C NMR
= 6.6 Hz, 2 CH), 2.33 (dd, 1H,) = 7.5/9.9 Hz, CR#N), 2.53 (dd, 1H) =  (CDCh):330.21 (CH), 40.05 (CH), 53.66 (CH), 60.80 (CH), 65.17 (CH),
3.9/9.9 Hz, CH-N), 2.90 (sept, 2H,) = 6.6 Hz, N(CH)), 3.51 (s, 4H, 66.89(CH), 70.24 (CH), 114.18, 126.01, 128.33, 128.42, 130.21 (aromatic
CHp-CHp), 3.80 (m, 1H, CH(Q)), 3.93 (dd, 18i= 5.1/9.3 Hz, 0-Ch), 4.10  CH), 130.15 (C), 141.33 (C), 162.44 (C), 197.71 (CO).

(dd, 1H,J = 5.4/9.3 Hz, O-Ch), 3.85-4.25 (br, 1H, -OH), 6.98 (d, 18= 33-hydrochloride yield: 62.8%; mp 94-97 °C (ethyl acetate); Anal.
8.7 Hz, aromatic H-3), 7.02 (t, 18= 7.2 Hz, aromatic H-5), 7.36-7.52 (m, (C22H27NO4sHCI): C, H, N, CI.

5H, aromatic H), 7.68-7.85 (m, 3H, aromatic H), 8.89 (d,1H,7.8 Hz,

aromatic H-6)1°C NMR (CDC): 519.31 (CH), 22.08 (CH), 27.35 (CH),  1-(4-(2-Hydroxy-3-(1-piperidyl)-propoxy)phenyl-1-ethanos)

44.57 (CH), 47.41 (CH), 48.22 (CH), 65.21 (CH), 71.23 (G} 112.56,

120.85, 123.65, 125.39, 125.51, 125.77, 125.79, 126.65, 128.70, 130.3¢/ield: 72.0%; colorless needles, mp 60-61 °C (dichloromethane/metha-
133.39 (aromatic CH), 128.39 (C), 131.83 (C), 133.87 (C), 137.58 (Q)0)); 'H NMR (CDCh): 51.44-1.65 (M, 6H, CHCHp-CHp), 2.38-2.63 (m,

1-(2-(3-(N,N-Diisopropylamino)-2-hydroxy-propoxy)phenyl)-3-(1-naph-
thyl)-1-propanoneZl)

157.89 (C), 201.56 (CO). 6H, CH>-N(CHy)2), 2.54 (s, 3H, Ch), 3.5-3.9 (br, 1H, -OH), 4.03-4.12 (m,
21-hydrochloride yield: 72.5%; mp 148-150 °C (ethyl acetate); Anal.3H, O-CH-CH(O)), 6.96 (d, 2H, = 9.0 Hz, aromatic H-3, H-5), 7.93 (d,
(CagH3sNOz HCI): C, H, N, Cl. 2H,J = 9 Hz, aromatic H-2, H-6J°C NMR (CDCE): 5 24.05 (CH), 25.93
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(CHy), 26.17 (CH), 54.60 (CH), 60.87 (CH), 65.11 (CH), 70.52 (Ch), respective time points were kept in an ice water bath and measured within
114.11, 130.38 (aromatic CH), 130.33 (C), 162.60 (C), 196.54 (CO). one hour on a Becton Dickinson FACSCALIBUR flow cytometer (Becton
41-hydrochloride yield: 65.8%; mp 167-169 °C (ethyl acetate); Anal.Dickinson, Vienna, Austria). Viable cells were gated on the basis of forward
Ci16H23NO3z*HCI): C, H, N, Cl. and side scatter. The excitation wavelength was 488 nm and the emission
was measured in the FL3 channel (650-780 nm). 5000 gated events were
accumulated for the determination of mean fluorescence values. Time points

1-(4-(3-(4-(4-Fluorphenyl)-1-piperazinyl)-2-hydroxy-propoxy) phenyl)-
1-ethanone42)

Yield: 47.1%; yellowish needles, mp 105-106 °C (methaﬁH)NMR
(CDCl): 6 2.56 (s, 3H, Ch), 2.58-2.70 (m, 4H, N(Chk), 2.83-2.89 (m,
2H, CH>-N), 3.08-3.20 (m, 4H, (Ci2N), 3.45-3.65 (br, 1H, -OH), 4.07—
4.19 (m, 3H, O-CHCH(0O)), 6.86—7.00 (m, 6H, aromatic H), 7.94 (d, 2H,
= 9.0 Hz, aromatic H-2, H-6)°C NMR (CDCh): & 26.26 (CH), 50.17  [1]
(CHy), 53.26 (CH), 60.27 (CH), 65.45 (CH), 70.33 (C#J, 114.17, 130.55
(aromatic CH), 115.46 (d, CHcr=22.5Hz), 117.81 (d, CHcr=7.6 Hz), 2]
147.71 (C), 157.01 (d, QcF = 215 Hz), 162.53 (C), 196.03 (CO).

42-hydrochloride yield: 76.6%; mp 188-189 °C (ethyl acetate); Anal.[3]
(C21H25FN203¢ 1.5 HCI): H, N, CI; C: calcd 59.05, found 58.38. [4]

1-(3-(3-(4-(4-Fluorphenyl)-1-piperazinyl)-2-hydroxy-propoxy)phenyl)- 5]
1-ethanone47) [6]

Yield: 40.2%; colorless needles, mp 133-135 °C (dichloromethane/metija;
nol); 'H NMR (CDCH): & 2.53 (s, 3H, Ck), 2.49-2.64 (m, 4H, N(Cth),
2.75-2.82 (m, 2H, C#IN), 2.98-3.16 (M, 4H, (ChiN), 3.25-3.62 (br, 1H, 8]
-OH), 3.98-4.12 (m, 3H, O-GHCH(O)), 6.79-6.93 (m, 4H, pF-phenyl H),
7.09 (dd, 1HJ = 2.1/8.1 Hz, aromatic H-4), 7.31 (dd, 1H+ 7.5/8.1 Hz,
aromatic H-5), 7.45 (d, 1H, = 2.1 Hz, aromatic H-2), 7.48 (d, 1BI= 7.5
Hz, aromatic H-6)*3C NMR (CDCB): 5 26.63 (CH), 50.18 (CH), 53.25  [9]
(CHg), 60.27 (CH), 65.53 (CH), 70.39 (Ch), 113.12, 119.97, 121.36,
129.54 (aromatic CH), 115.45 (d, ChtF = 22.2 Hz), 117.81 (d, CHcF =
7.7 Hz), 138.42 (C), 147.72 (C), 157.30 (d,JE; = 215 Hz), 158.90 (C),
197.05 (CO).

47-hydrochloride yield: 93.6%; mp 100-102 °C (ethyl acetate); Anal.
(C21H25FN203+ 2HCI): C, H, N; Cl: calcd 15.92, found 15.35.

Cell Lines

The CCRF-CEM T lymphoblast cell line, as well as the resistant line were

were fitted by an exponential curve and the first order rate congtamti{m)
was determined as the slope of the curve at the zero time point.
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