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Summary
o N
. . . 2

The synthesis of the 3-cyanopropionami®asand 3b, of the RlMper
2,2-dimethyl-3-cyanopropionamidds—4c and of the 4-iminor- R
butyrolactamsa and5b (cyclic functional isomers of 3-cyano- . @ s
propionamides) is described. The amigaand3b were obtained - R

R 3 A f F g a Ph H 3,4-(Me0),C¢H;CH,CH
by aminolysis of the corresponding acid chlorides, which are b 4ONCH, Me 3,4—§M:O)§C:H§CH§CH§
accessible via hydrolysis of the ethyl esters to the acids. This le  4-O,NCgH, H PhCH(OH)CHMe
methodology was not used for the synthesis of the amalex ld  34.MeO)CeH;  Me  3.4-(MeO)CeH,CH,CH,

A q R 4q o 1 -
owing to steric hindrance to hydrolysis in the corresponding ethyl ¢ 34MeORGH;  H - PRCH(OH)CHMe

esters. These nonreactive esters, accesible by alkylation of 1-cyano
carbanions with ethyl bromodimethylacetate, could be directly
converted into the amidela—4c by aminolysis with the lithium

amide of 3,4-dimethoxy+-methylphenethylamine. Instead of N Me
open-chain amides, the lactaBesand5b are obtained when the iP‘>k/\/111
lithium amide of 3,4-dimethoxyphenethylamine (i.e., of a primary 3,4-(MeO),H;Cs 7 CHa(OMe);- 34
rather than secondary amine) is used for the aminolysis. The 2
synthesized compounds were tested for their ability to decrease the
resistance to vincristine in a multidrug-resistant subline of murine N O
leukemic lymphoblasts that are 300-fold resistant to the antiprolif- Ri Me
erative drug. The amide&a and4c, and lactanba, all of which R 1123
have a highly branched carbon backbone, were ati@astam5a
reduced the vincristine resistance by 90% apiZoncentration. R R R’
3a Ph  4-0,NCgH, PhCH,CH,
3b  iPr 3,4-(MeO),CeH, 3,4-(Me0),CsH3CH,CH,
Introduction 3¢ Ph  2-Pyridyl 3,4-(Me0),CgH,CH,CH,

Multidrug resistance (MDR) is a major obstacle for an
effective tumor chemotheraﬁjyz]. This type of cross-resis-

CN O
tance to a variety of antitumor drugs can be induced by a ilﬂ})LN/\/CsHa@Me)z-sA
single antitumor drug during patient treatment. We have MM Me
reported the synthesis of the 3-cyanopropionamigede ) ,
together with an evaluation of their function as modulators of kKR
MDR 34 These amides possess certain structural features - ;’f;_(Meo)zcﬁHg

of the coronary vasodilator verapant) (vhose ability to de b 340Gl
modulate MDR is well-knowf!. Thus, both the amides and e
verapamilbear a cyano group on a quaternary carbon atom
and a phenethyl group on a nitrogen atom. We found t
amidelb diminished the resistance of an MDR murine ce
subline to the antitumor dru? vincristine to an extent Sim”adroup in activelb by the unsubstituteti-phenethyl group
to that effected by veraparHil. In order to enlarge the SCOP€,lowing structurda, to evaluate the role of the former group

of that work, we now synthesized the new 3-Cyangy aciivity. Amide3bis the closest analogue of verapamil in
propionamidesa, 3b, and4a-4c and evaluated their MDR- o \whole series. The amidds—4c feature an additional

The new amides share with the previously prepared amides
d with verapamil the above-mentioned structural features.
owever, we now varied thH-(3,4-dimethoxyphenethyl)

modulating function. quaternary carbon atom, which bears two newly introduced
methyl groups and is adjacent to the pre-existing quaternary
Y Branched-Chain Carbon Compounds, 6. Part 5"Ref. carbon. These amides are branched-chain counterparts of the
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amidesla, 1d, and3a, and are more lipophilic than the latterhaving arN-hydrogen. We have recently reported the synthe-
ones. In addition, steric constraints arising from the densedis of5b [10]. The lactam&aand5b were biologically tested
branched carbon backbone may restrict the conformatiomdbng with the amide3a, 3b, and4a-4c.

flexibility of 4a-4c[®l. We herein present NMR support for

such a view. Aq i.n.creased Iippphilicity and a restricted COlhaqits and Discussion

formational flexibility may facilitate an interferenceds-4c
with MDR-mediator P-glycoprotein. This plasma-membrang nthesis
glycoprotein, which is overexpressed in MDR cells, mediated

the exgulsion of lipophilic antitumor drugs out of the The 3-cyanopropionamidea and 3b were obtained by
cells[>2]. This detrimental function is modulated by verapaminolysis of the acid chloridéa and8b (Scheme 1?. We
amil by means of its bindin? to the glycoprotéih Verap-  previously used this procedure for the amitiesie 34l At

amil is a flexible moleculé®l and studies on less flexible that time, we prepareghin a stepwise manner, and we now
verapamil analogues seeking an improved therapeutic effrepared8b by the same methodology (Scheme 1). Com-
cacy have been carried ddk The synthesis ddc and4d, pared with the previous alkylations of 1-cyano carbanions
which are a simple heterocyclic analogue of activand a with ethyl bromoacetat@"‘], that for the carbanion of isopro-
branched-chain counterpart b, respectively, was unsuc- Pyl(3,4-dimethoxyphenyl)acetonitrife! gave a low yield of

cessful. the alkylation produc@), probably as a result of a nonquan-
, titative generation of the strongly basic carbaniotebybut-
R2 R ledc oxide ion, since a large amount of unreacted nitrile was
HN o recovered. Alkaline hydrolysis dfa to acid 7a and sub-
N sequent treatment of the acid with thionyl chloride proceeded
without difficulties. Aiming at obtaining 3-(2-pyridyl)-
CgH3(OMe),-3,4 propionamid&c, we prepared estéb and acid’b. However,
treatment o¥ b with thionyl chloride gave a crude black solid
Rl R from which we did not succeed in isolating the corresponding
acid chloride.

5a Ph  34-(MeO)CeH,

s 1 34(MeONCH. With the idea of synthesizing the 2,2-dimethyl-3-cyano-

propionamidesda—4d by the usual methodology, we first
undertook the preparation of the pertinent 2,2-dimethyl-3-cy-

In the course of the synthetic work on branched-chabmopropionatesgj by alkylation of 1-cyano carbanions with
amides, we obtained the heavily substituted 4-inyiboty-  ethyl bromodimethylacetate (Scheme 2). The alkylation of
rolactam$baand5b in an unplanned way. These lactams mag-cyano carbanions with 2-bromo-2,2-dialkyl esters (a sort of
be regarded as cyclic tautomers of 3-cyanopropionamideterically retarded nucleophilic substitutions at a tertiary

1. BuOK
RL__CN 2. B _COzEt RL CN NaOH
e S __coE
R® DMSO R H,0/EtOH
- 80-100 °C
6a iPr  3,4-(MeO),CeHs
6b Ph  2-Pyridyl
RGN $SOCl,
R2 COZH E——
60-80 °C
R! R?
7a  Pr 34-(MeO),CeH;
7b  Ph  2-Pyridyl
N Lt R
cocl R}
2 2
R ELO  (8a) R Tﬁ/\/
Rl R? CH,Cl, (8b) Me
8a Ph 4-O,NC¢H, R! R? R?
8b iPr 3,4-(MeQ),CeH, 38 Ph 4-O,NCH, ™

Scheme 1Synthesis of the 3-cyanopropionami@asand3b. 3b iPr 34-(MeO),CeHly  3,4-(MeO),CeHs
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RGN s0%ag.NaOH  RI_GTN
e 2 CO,Et R? CO.H
R 90-100 °C M
€ Me Me
R! R? R! R?
1. Base 9a Ph Ph 10 Ph 3,4-(MeO),CeH;
2 Bre .CO.Et 9b Ph 3,4-(MeO),CgH;
Me>|/ 2 9¢ iPr 34-(MeO),CgH;
Rl\(CN Me
R? Solvent
R! R? Base/Solvent
Ph Ph BuOK/HMPA
Ph 3,4-(Me0),C¢H; BuOK/DMSO
Pr 3,4-(Me0),C¢H; LDA/THF 0
Ph 4-O,NCgH, BuOK/DMSO L
L = P “C4H,NO,- 4
11
CN 1.LDA CN
Ph Ph
CO,Et 2. Mel 1-ONCH CO,Et
4-0,NC¢H T T
2 INL ity THF Me
Me 0°C Me
12 9d
NHMe/nBuLi
3,4-(MeO),H,C” - NHMe/nBuLi RGN O
9a-9¢ R N/\/C6H3(0Me)2—3,4
M )
TIO{F N Me Me
0 °C-room temp.
R' R?
4a Ph Ph

4b Ph  34-(Me0),CeHs
4c iPr  34-(Mc0),CeHs

Scheme 2Synthesis of the 2,2-dimethyl-3-cyanopropionamigiesdc

carbon atom) is feasible on literature grou[ﬁa]s It has been remained unaffected. We ascribe this resistance to hydrolysis
reported that alkylation of diphenylacetonitrile by ethyl broto a high steric hindrance arising from the very bulky tertiary
modimethylacetate using sodium amide as base in benzeatie/l group adjacentto the carbonyl group. Prolonged heating
gives a moderate yield 9&(50—50%)[13]. We could signifi- of the ester in 50% aqueous sodium hydroxide gave only a
cantly increase the yield of this reaction (87%) using instedalv yield of the acid 10) and the glass reaction flask was
potassiuntert-butoxide as base in HMPA. We found potasseriously attacked under these conditions. In the light of these
siumtert-butoxide to be satisfactory f@b as well. For9c, difficulties, we stopped trying the synthesis of the amides
we used the stronger base lithium diisopropylamide in ordéa—4d by the usual methodology.
to ensure a quantitative generation of the above-mentione&ollowing a literature procedure for aminolysis of nonreac-
carbanion of isopropyl-(3,4-dimethoxyphenyl)acetonitriletive 2,2,2-trialkyl esters employing lithium amidédl, we
nevertheless, the yield was Id®. The strongly stabilized obtained the 2,2,2-trialkyl amideta-4c from the esters
and weakly nucleophilic carbanion of phenyl-(4-nitro9a-9cwith the lithium amide generated from 3,4-dimethoxy-
phenyl)acetonitrile failed to be alkylated by ethyl bromodiN-methylphenethylamine (Scheme 2). The yields were low
methylacetate; instead of the alkylation product, we obtainé29—42%). In striking constrast to the est@as9c, 3-(4-ni-
4-nitrobenzophenonel{) from a sluggish oxidation of the trophenyl) estel9d was totally unaffected by the lithium
carbanion in the reaction medium. In an alternative mannaride, an event that prevented the preparation of branched-
we could obtain a small sample of the desired 3-(4-nitr@hain 3-(4-nitrophenyl) amidéd. We interpret this surpris-
phenyl) esterqd) by a-alkylation of 3-(4-nitrophenyl) ester ing result by the formation of a charge-transfer complex
12 by methyl iodide. between the reactants, involving the electron-deficient nitro
The saponification of 2,2,2-trialkyl est®a has been re- aromatic ring of the ester as electron acceptor and the anion
ported[13. However, we found it very difficult to saponify as electron donor. Actually, a reddish-brown coloration de-
the closely analogous es&y. Under the conditions used toveloped on mixing the ester with the lithium amide. The
saponify the 2,2-unsubstituted estées and 6b, ester9b  stability of such proposed complex in the mediuni/LHF)

Arch. Pharm. Pharm. Med. Chem. 333, 329-336 (2000)
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NH,/nBuLi
RN 34-(MeO),H,Ce” > 2
2 CO,Et
RMe THE
Me 0 °C-room temp.
R! R?
9 Ph  34(Me0),CeH,
9¢  iPr  3,4-(Me0),CsHs
R! Me
0 CsH3(OMe)y-3.4 N Me
. C’\ N/\/ 6113 273, HN (0]
R - N
R? 0
M
© Me

CgH3(OMe),-3,4

R! R?

52 Ph  3,4-(MeO),CeH,
. - Sb iPr 3,4-(MeO),CeHs
Scheme 3Synthesis of the 4-imingbutyrolactam$a and5b.

should be high enough to preclude the aminolysis reactiaanformers. Binding of these amides to P-glycoprotein may
Charge-transfer complexes of aromatic nitro compounds withus be facilitated if they contain the suitable conformers.
bases are know#>.

When we carried out the reaction of the es@drs&ind9c
with the lithium amide of 3,4-dimethoxyphenethylamindBiological Test
(i.e., of a primary rather than secondary amine), we obtained
the 4-iminoy-butyrolactam$ba and5b (Scheme 3), in place The compounds synthesized were tested for the ability to
of the desired branched-chain 3-cyanopropionamides bearitegrease the resistance of MDR P400 cell subtfht’l to
only a singleN-alkyl group. TheN-alkyl amides probably are vincristine. This MDR subline of the L5178Y murine
reaction intermediates, which would isomerize to the lactantgikemic lymphoblasts is very resistant to vincristine: the
by ring closure of the amide ions resulting from loss of theell-growth inhibition by the antiproliferative drug on the
acidicN-proton under the basic reaction conditions. Such d@sistantand the parental cells is (expressed asghed(De)
isomerization process is not possible for td-dialkyl 2.5 UM and 8.3x 107 uM, respectively, thus the relative
amidesta-4c lacking anN-proton. Again, 3-(4-nitrophenyl) resistance of the resistant cells to thg dryg_ amounts to 300.
esterad failed to react with a lithium amide. We measured the enhancement of vincristine antiprolifera-

Both e andz amide rotamers of the amida@sand3b exist Ve activity on the resistant cells, as brought about by the
in solution in significant amounts, as shown bytHeNMR ~ Compounds, by determining the vincristinesd® in the
spectra. FoN,N-dialkyl amides, such & anda3b, it may be presence of the compounds and comparing the values with
expected on steric grounds that both rotamers will exist, whﬁlfs“"lt in the apsen_CQ of compounds. The effect of thg com-
N-alkyl amides may have a strong steric preference faz th oundsI on”vmcrlstme activity was also measured in the
rotamer34] It was thus interesting that thel NMR spectra  Parental cells. .
of the N.N-dialkyl amides4a—4c showed only a single ro- Prior to the test, the.ceII-g-rovvth-lnh|b|tory effect of thg
tamer. We ascribe this result to the exclusive existen& mpounds was established in order to seleqt concentrations
(within experimental NMR sensitivity) of the less stericaII)P the compounds that would not '”terfefe with cell growth
demandingz rotamer [seeZj-4a-4c], rather than to a fast n thg f[est. E.m_ploylng such concentratlons,. the effect on
interconversion between the rotamers giving rise to averagc'istine activity, measured as above described, neatly re-
NMR spectra. In the amidea—4c, the very bulky tertiary flects the enhancing activity (_)f the compounds. The' 8bf
alkyl group attached to the amide carbonyl carbon stericaﬂ?e compounds were determined to be pi80n all the cases
prevents the rotamer from existing. Hence these branched!able 1). Considering this §g threshold, we tested the
chain amides have a restricted conformational flexibilicOmpounds at lower 0.7-, 2-, andilVk concentrations in a

regarding this property as a diminished number of existingliform manner; aboveiM, the cell-growth inhibitions are
important. It is worth noting that the compounds inhibit cell

Q  SH—CHy—Ar growth of the MDR cells to a lesser extent than the MDR-

FN modulator verapamil in the same fashion as the previous
HC—Q O compoundd.a-1e!®#, which is an interesting characteristic

R, of the whole series of compounds. In particular, the inhibition

by the closest verapamil analogleis 40-fold weaker than

ey da-de that by verapamil.

Arch. Pharm. Pharm. Med. Chem. 333, 329-336 (2000)
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Table 1.Inhibition of cell growth by compounds (§6) on MDR P400 cells  group, which thus seems to be a structural factor for the
and on parental L5178Y cells. activity in this series of compounds. On the other hand, the
closest verapamil analog®® was ineffective, even at the

ICsd® [uM] hi ) L . .
ghest test concentration. This inactivity3if parallels its
Compound MDR P400 cells Parental L5178Y CeIISIow cell-growth-inhibitory effect as above mentioned. An
3a > 3gh! > 3! activity arose, however, on branching out the carbon back-
3h 840 730 bone in structur@b allowing structuredc. Considering the
4a > 3d™ > 3! whole series, activity is more frequently a property of the
4b 65 71 compounds having a highly branched carbon backbone, such
4c 120 160 asda, 4c, and5a, which seems to indicate that this structural
5a > 30" > 30" feature is beneficial for the activity. As indicated early in this
5b 190 200 paper, MDR modulation may be favored by an increased
verapamil R) 199 > 7°

lipophilicity and restricted conformational flexibility as con-
[ values shown are the average of at least two experiments performed vsi?rred ona mOdUIat-or-by a- highly b-ranChed carbon backbone.
. o . o et 30 UM A property that distinguishes 4-|m||webutyro]actgm5a '

replicate concentrations; relative standard deviation < [4C%h30 iM, the most active tested compound, from the amides is its higher

inhibition of cell growth was < 30%; the compound was insoluble ébasicit resulting from the amidi N-C=NH) in th

> 30uM~ [ Refl]. y g from idino group ( ) in the

structure. The lactam is soluble in aqueous hydrogen chloride

The vincristine IGg's in the presence of the compounds fofit pH < 5, in contrast to the amides. It has been reported that

the MDR and the parental cells are gathered in Table 2; ti presence of a basic nitrogen atom is an important struc-

values for the compoundsa-1e, previously determined in tural feature for MDR modulatol, which is consistent with

the same systent$?], have been included in the table toour results.

survey the whole series of compounds. We express the enn the parental cells, some of the tested compounds were

hancing effect of the compounds on vincristine activity as ttagtive. However, the activity of these compounds was lower

ratio of the vincristine 16y value in the absence of compoundhan that for lactanda in the MDR cells. Furthermore, the

to the value in the presence of compound,; the ratios are shav@inpounds active in the MDR cells were consistently inac-

in parentheses in the table. We classify a compound as inti¢e or less active in the parental cells, in agreement with a

tive if it manifested no enhancing effect (corresponding to@@mmon behavior of MDR modulatdi€:19]

value of 1) at the lowest test concentration, even if theAs a final conclusion of this work, we presentin Table 3 the

compound was effective at a higher test concentration.  values of relative resistance of MDR P400 cell subline to
Among the compounds that were tested now, the branche&ificristine in the presence of the active compounds. A full

chain amideda and4c, and lactanbaare active in the MDR circumvention of the high vincristine resistance of this sub-

cells according to our criterion. The activity4d and4cis line (an event corresponding to a relative resistance of 1) was

similar to that of the previously testddh and verapamil, not observed with these compounds. Nevertheless, the most

while that of5a is higher. The structural variation 8& active compound, lactafa, achieved a 67 to 97% reduction

resulted in loss of the activity: all the active compoundsf the resistance at moderate 0.7- toMf-pharmacological

including verapamil, bear aN-(3,4-dimethoxyphenethyl) concentrations.

Table 2.Vincristine IGo's in the presence of compounds in MDR P400 cells and in parental L5178Y cells.

Vincristine 1Gd® [uM] [1073 uMm]

MDR P400 cells Parental L5178Y cells

Concentration of compoungdii]:
Compound 0 0.7 2 7 0 0.7 2 7
la 3.0 (1) ¥ @ 187 (2 5.7 (1) 38 2 147 (3
1b 25 (1) 1.9 @2 o7 (3) 6.3 (1) 78 1) a8
1c 2.8 (1) 28 1y 149 (2 5.4 (1) 32 2492
1d 2.3 (1) 1.8 q 139 2 45 1) 38 @ 14992
1le 2.7 (1) 209 @y 189 (2 6.4 (1) 61 1) 449 (1)
3a 3.0 (1) 2.4 (1) 15 (2) 0.77 (4) 82 (1) 97() 901 43 (2
3b 1.2 (1) 1.1 (1) 092 (1) 082 (1) 84 (1) 66 (1) 78 (1) 64 (1)
4a 2.0 (1) 0.83 (2) 038 (5 0.21 (9) 13 (1) 8.5 (1) 78 (2 52 (2
ab 2.4 (1) 2.1 (1) 1.3 (2) 0.19 (10) 16 (1) 8.0 (2) 72 (2 35 (4)
4c 3.6 (1) 19 (2) 072 (5) 0.21 (20) 10 (1) 53 (2 3.0 (3 1.6 (6)
5a 2.9 (1) 1.0 (3)  0.26 (10) 0.10 (30) 95 (1) 44 (2) 41 () 2.8 (3)
5b 1.7 (1) 1.5 (1) 1.1 (1) 0.29 (6) 87 (1) 72(1) 39@ 204
Verapamil @) 2.8 (1) 1.9 2 099 (3) 6.2 (1) 8¥ (1) 247 (2

& For the compound3a, 3b, 4a-4c, 5a, and5b, the values are the average of at least two experiments performed with replicate concentrations; relative
standard deviation < |40%]|; the accompanying number in parentheses is the ratio of the correspondingse¢onti@ Ebsence of the compound to the
ICs0in the presence of the compoun@l—Ref.[a].—[C] Refl4.

Arch. Pharm. Pharm. Med. Chem. 333, 329-336 (2000)
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Table 3.Relative resistance of MDR P400 cells to vincristine in the presenegp 87-88 °C.-*H NMR (90 MHz, CDC#): & = 1.08 (t,J = 7 Hz, 3 H,

of compounds modulating the resistance. OCHCH3), 3.31 (dJ =17 Hz, 1 H, 2-H), 3.85 (d,= 17 Hz, 1 H, 2-H), 4.02
(9,3 =7 Hz, 2 H, OGI2CH3), 7.2-7.8 (m, 8 H, aromatic H), 8.5 (m, 1 H,
Relative resistanéd aromatic H).— Anal. (&/H16N202) C, H, N.

Concentration of compoun@¥]: ) ) o )
Compound 0 0.7 5 7 3-Cyano-3-isopropyl-3-(3,4-dimethoxyphenyl)propionic AZa) (
A stirred mixture of 1.04 g (3.41 mmol) 6& 0.50 g (12 mmol) of NaOH,
none 300 and 15 ml of water/EtOH (3:2) was heated at 80—100 °C for 1 h. The mixture

was then diluted with water, washed with@to remove unreactéth, and

1b 100 80 acidified (pH = 1) with concd. aqueous HCI. The formed suspension sepa-
4a 100 60 30 rated out in the form of a crystalline precipitate upon addition of NaCl, and
4c 200 60 20 the crystals were filtered out and washed with water to give 0.8607@ of

5a 100 30 10 (91%), mp 103-104 °C3H NMR (200 MHz, CDC4): 5= 0.81[d,J= 7 Hz,
Verapamil @) 100 100 3 H, CH(M3)2], 1.15 [d,J = 7 Hz, 3 H, CH(E13)2], 2.12 [sept) =7 Hz, 1

H, CH(CHa)2], 2.88 (d,J = 16 Hz, 1 H, 2-H), 3.16 (d,= 16 Hz, 1 H, 2-H),

[al ] ] ] ] o ] 3.85 (s, 3 H, OC#h), 3.87 (s, 3 H, OCBk}, 6.8-7.0 (m, 3 H, aromatic H).—
Relative resistance is expressed as the ratio of vincristioedllie inthe  apg|. (C1sH10NOg) C, H, N.

presence of compound in MDR P400 cells to the average value in the absence
of compounds in parental L5178Y cells (&30 uM); the former values 3-Cyano-3-phenyl-3-(2-pyridyl)propionic Acidk)
as given in Table 2 have been corrected to anchor them all to the same aver

age . .
control 1Gso (2.5UM). gstlrred mixture of 9.61 g (34.3 mmol) @b, 4.80 g (120 mmol) of NaOH

and 140 ml of water/EtOH (3:2) was heated at 100 °C for 0.5 h. The mixture
Ack led ¢ was then diluted with water and brought to pH = 7 with concd. aqueous HCI.
cknowleagments The precipitate formed was filtered out and washed with water to give 7.19 g

We thank Dr. Carmen Ochoa, CSIC, for helpful discussions. This wof 7b (83%), mp 95-105 °C (dec.) *H NMR (200 MHz, CDCY): 5 = 3.38

was supported by CICYT grant No. SAF96/356. (d,J =17 Hz, 1 H, 2-H), 3.88 (dl = 17 Hz, 1 H, 2-H), 7.2-7.8 (m, 8 H,
aromatic H), 8.6 (m, 1 H, aromatic H), 10.4 (br., 1 H,28D- Anal.

. (C15H12N202) C, H, N.
Experimental
3-Cyano-3-isopropyl-3-(3,4-dimethoxyphenyl)propionyl Chlorkig) (

General A mixture of 400 mg (1.44 mmol) Gaand 1.0 ml (13 mmol) of redistilled

Isoproggll-(3,4-dimethoxyphenyl)acetonitrﬁ‘é,] phenyl-(2-pyridyl)ace- SOCkh was heate_d at 60-80 °C for_ 1 h. Then, unreacted S@&3 evapo-
tonitrile,[ ] 8a[3] N-methylphenethylamin@,l] phenyl-83,4-dimethoxy- rated. Recrystallization of the residue from petroleum ethexdCHyave
phenyl)acetonitrild?? phenyl-(4-nitrophenyl)acetonitrffé! andod® were 319 mg ofgb (75%), mp 115-117 °C2H NMR (200 MHz, CDCY): § =
prepared according to literature procedures. DepE#vas prepared with 0.83 [d,.J=7 Hz, 3H, CH(€l3)z], 1.19 [d,.J=7 Hz, 3 H, CH(E13)2], 2.16
sodium wire. HMPA and THF were dried by distillation from Gaahd  [sept,J=7 Hz, 1 H, Gi(CHg)z], 3.51 (d,J = 18 Hz, 1 H, 2-H), 3.73 (d=
LiAIH 4, respectively, and were stored over 3-A molecular sieves; dry DMSE8 Hz, 1 H, 2-H), 3.88 (s, 3 H, OGH 3.91 (s, 3 H, OCB), 6.8-7.0 (m, 3
(distilled from CaH) was occasionally used. A commercial solution ofH, aromatic H).— Anal. (€H1sCINOs) C, H, N.
nBuLi in n-CeH14 was titrated with MeOH at 0 °C under nitrogen, using dry
THF as co-solvent and 2;8ipyridyl as indicator; it was found to be 2.0 M. 3-Cyano-3-phenyl-3-(4-nitrophenyl)-N-methyl-N-phenethylpropionamide
For the reactions involving the use tuOK or nBuLi, transfers were (3a)

effected by means of syringe.— Column chromatography: MN Silica Gel 60.— . L
TLC: Merck Silica Gel 60 Fsa— Mp: Reichert-Jung Thermovar.— IR: To a solution of 157 mg (1.16 mmol) Kfmethylphenethylamine in 1 mi

Perkin-Elmer 681.— NMR: Perkin-Elmer EM 390, Varian Gemini, Brukermc dry EO, a solution of 183 mg (0.582 mmol) & in 5 mi of dry E2O

AM 200, Varian Inova, Varian Unity 500. F8H NMR, TMIS as internal 0%, > S98C KR SCHnG BLER0r Snp A0 B8 B WECer e B900
standard: for3C NMR, CDCE &¢ = 77.0. g precip : :

washed with water and then with a littleo@t Recrystallization from

. . . Et2O/CHCl2 gave 87 mg 08a (36%), mp 127-129 °C.— IR (KBn:= 1650

Ethyl 3-Cyano-3-isopropyl-3-(3,4-dimethoxyphenyl)propion ( et (s, CO).~*H NMR (200 MHz, CDC4; rotameric ratio =:2): 3 = 2.79
To a solution of 3.85 g (34.3 mmol) tBUOK in 20 ml of DMSO, a and 2.90 (2 tJ =7 Hz, 2 H, NCHCH2Ph); 2.84 and 2.95, and 3.40 [2Xd (

solution of 7.00 g (32.0 mmol) of isopropyl-(3,4-dimethoxyphenyl)acetoni= 18 Hz) and 1 s, 2 H, 2-H]; 2.90 and 2.97 (2 s, 3 H, B)C814-3.7 (m, 2

trile in 40 ml of DMSO was added dropwise with stirring at room temp. undét, NCH2CHPh); 7.0-7.5 (m, 10 H, Ph); 7.17 and 7.55 (2€,9 Hz, 2 H,

nitrogen, followed by addition of 3.5 ml (31 mmol) ethyl bromoacetate. Aftegromatic H); 8.11 and 8.21 (2 d,= 9 Hz, 2 H, aromatic H).— Anal.

0.5 h, ice was added, the mixture was extracted wiD,Eind the ethereal (C2sH23N303) C, H, N.

phase was washed with water and driedc@@). Column chromatography

on silica gel with petroleum etherd€x (3:2) as eluenf = 0.2) gave 1.98 g 3-Cyano-3-isopropyl-3-(3,4-dimethoxyphenyl)-N-methyl-N-(3,4-dimeth-

of 6a (21%), thick liquid.~*H NMR (200 MHz, CDC4): & = 0.86 [d,J = oxyphenethyl)propionamid8lg)

7 Hz, 3 H, CH(®3)2], 1.07 (t,J = 7 Hz, 3 H, OCHCHa), 1.20 [d,J = 7 Hz,

- - To a solution of 348 mg (1.78 mmol) of 3,4-dimethdsynethyl-
oh SHH()O;B)fg; (f,-ji [sept) 17HH§’_,_1|)Hé g%:?gzh 2('%4(%%1 (156 £'% phenethylamine in 3 ml of GBIz, a solution of 254 mg (0.860 mmol)

_ : N in 1 ml of CHCl2 was slowly added. After 0.5 h, the resulting solution was
(OC?:HBZSSSB (gﬂ__' 7NHZ’ 2 H, OC12CHz), 6.9 (m, 3 H, aromatic H).— Anal. washed with water and dried (p80s). Separation by column chromatogra-
o phy on silica gel with He/AcOEt (1:1) as eluen& = 0.4) gave 290 mg of
3b (74%), noncrystalline solid.— IR (KBry: = 2240 et (w, C=N), 1650
(s, C=O).—1H NMR (200 MHz, CDC4; rotameric ratio = 3:2)5 = 0.72 and
The procedure foa was followed, using 6.06 g (54.0 mmol)tBuOK  0.82 [2 d,J = 7 Hz, 3 H, CH(G®i3)2]; 1.03 and 1.20 [2 d] = 7 Hz, 3 H,
in 50 ml of DMSO, 10.0 g (51.5 mmol) of phenyl-(2-pyridyl)acetonitrile inCH(CH3)2]; 2.18 and 2.37 [2 sepl,= 7 Hz, 1 H, Gi(CHz3)2]; 2.60 and 2.67
100 ml of DMSO, and 7.9 ml (71 mmol) of ethyl bromoacetate. Ice wa@ t,J = 8 Hz, 2 H, NCHCH2Ar); 2.60, and 2.91 and 3.02 [1 s and ¢ (
added after the reaction, and the solid precipitate formed was filtered out d&dHz), 2 H, 2-H); 2.70 and 2.80 (2 s, 3 H, NEH3.3-3.5 (m, 2 H,
washed with water. Recrystallization from EtOH gave 10.2@pai71%), = NCH2CH2Ar); 3.81, 3.82,3.84 and 3.86 (4 s, 12 H, QE168.5-7.0 (m, 6 H,

Ethyl 3-Cyano-3-phenyl-3-(2-pyridyl)propionaighj
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aromatic H)13C NMR (50 MHz, CDC4): & = 19.0, 19.1, 19.3, 19.4, 33.8, and 1.10 (2tJ = 7 Hz, 3 H, OCHCHa); 1.40 and 1.47 (2 d,= 7 Hz, 3 H,
34.2,34.9,37.0,37.2,37.4,40.2, 40.8, 50.8, 51.0, 51.3, 52.4, 56.5, 56.6, 5&:¢H); 3.65 and 3.68 (2 g} = 7 Hz, 1 H, 2-H); 4.04 (q] = 7 Hz, 2 H,
110.9, 111.1, 111.6, 111.7, 112.0, 112.5, 112.7, 118.6, 119.2, 121.4, 1208H2CHg); 7.3-7.5 (m, 5 H, aromatic H); 7.35 and 7.69 (2 €,9 Hz, 2
121.8, 131.2, 131.3, 132.2, 149.0, 149.2, 149.4, 149.5, 149.7, 150.0, 168laromatic H); 8.19 and 8.22 (2 d,= 9 Hz, 2 H, aromatic H).— Anal.

168.6.— Anal. (@6H34N20s) C, H, N. (C19H18N204) C, H, N.
Kugelrohr distillation gave an early solid fraction (oven temp. 130-
Ethyl 2,2-Dimethyl-3-cyano-3,3-diphenylpropionade)( 180 °C/0.5 Torr) which was recrystallized from EACH2Cl> to yield 1.01 g

of 4-nitrobenzophenoné g, 35%), mp 134-138 °@r identical with that of

The preparation da by a procedure anologous to the following one hag-nitrobenzophenone above.
beeTlsreported in a short communication providing no characterization
data! . . .

To a solution of 0.25 g (2.2 mmol) tBuOK in 6 ml of dry HMPA, a Ethyl 2,2-Dimethyl-3-cyano-3-phenyl-3-(4-nitrophenyl)propionat (
solution of 410 mg (2.12 mmol) of diphenylacetonitrile in 2 ml of dry HMPA To solution of 3.6 mmol aiBuLi in THF/n-CsH14 at 0 °C under nitrogen
was added dropwise with stirring at room temp. under nitrogen. The resulti epared from 1.8 ml of a 2.0 M solutionnuLi in n-CeH14, and 3 ml of
solution was cooled to 0 °C, and 0.32 ml (2.1 mmol) of ethyl bromodimethyli, T47) 0 50 mi (3.6 mmol) GPrNH (distilled from KOH) was added
acetate was added. After 2.5 h, the mixture was diluted with water a pwise with stirring, followed by dropwise addition of a solution of 1.20 g
extracted with EO, and the ether_eal phase was thoroyg_hly_washed VI3 60 mmol) of12 in 3 ml of dry THF and, then, by addition of 0.75 ml
water to remove the HMPA, and dried ¢Sa). Kugelrohr distillation (oven 15 101) of Mel. After 3 d, the mixture was diluted with water and extracted

temp. 239-240 °C/0.5 Torr) gave 563 mg9af (87%), thick liquid that i F1,0 and the ethereal phase was washed with water and drisGiya
crystallized on prolonged standing, mp 51-53 “G-NMR (90 MHz, Separation by TLC on silica gel with petroleum etherfH#1) as mobile
CDCl): 6=0.98 (t,J = 7 Hz, 3 H, OCHCH3), 1.37 (s, 6 H, 2-Ck}, 4.03 phase R = 0.2) gave 98 mg 08d (8%), mp 102-107 °C. H NMR
(q, J = 7 Hz, 2 H, OGi2,CHs), 7.1-7.4 (m, 10 H, aromatic H).— Anal. (200 MHz, CDC#): 5 = 1.22 (t,J = 7 Hz, 3 H, OCHCHz), 1.81 (s, 3 H,
(C20H21N02) C, H, N. 2-Cha), 1.94 (s, 3 H, 2-CH), 4.25 (m, 2 H, OBI2CHs), 7.0-7.4 (m, 7 H,
aromatic H), 8.11 (dJ = 9 Hz, aromatic H).— Anal. (8H20N204) N; >
Ethyl 2,2-Dimethyl-3-cyano-3-phenyl-3-(3,4-dimethoxyphenyl)propionat@9.0% pure by HPLC.
(9b)

The procedure foawas followed using 0.51 g (4.5 mmol)t&uOK in 2 2_bimethyl-3-cyano-3,3-diphenyl-N-methyl-N-(3,4-dimethoxyphenethyl)-
6 ml of DMSO, 1.14 g (4.52 mmol) of phenyl-(3,4-dimethoxyphenyl)acetopropionamide 4a)
nitrile in 6 ml of DMSO, 0.67 ml (4.5 mmol) of ethyl bromodimethylacetate
and a 5-h reaction time. Column chromatography on silica gel with petroleumT 0 a solution of 1.2 mmol eBuLiin THF/n-CeH14at 0 °C under nitrogen
ether/EtQ (7:3) as eluent’; = 0.2) gave 1.15 g &b g69%),viscous liquid (prepared from 0.60 ml of a 2.0 M solutionrduLi in n-CeH14, and 2 ml
that crystallized on prolonged standing, mp 66—70 *B.NMR (200 MHz,  of dry THF), 215pul (1.17 mmol) of distilled 3,4-dimethoxi#-methyl-
CDCl): 8 = 1.05 (t,J = 7 Hz, 3 H, OCHCH3), 1.40 (s, 3 H, 2-Ck}, 1.45  phenethylamine was added dropwise with stirring, followed by addition of a
(s,3H,2-CH),3.78 (s, 3 H, OC}), 3.88 (s, 3H, OChJ, 4.09 (qJ= 7 Hz,  solution of 353 mg (1.15 mmol) 8&in 2 ml of dry THF. After 1 d at room
2 H, OQH2CHg), 6.7-7.0 (m, 3 H, aromatic H), 7.2-7.5 (m, 5 H, aromatiéemp., the mixture was diluted with water and extracted with End the
H).— Anal. (G2H2sNO4) C, H, N. ethereal phase was washed with 1 M aqueous HCI and then with water, and
dried (NaSQu). The crude liquid product was digested with 100 ml of
Di _q. q. _2.(2 A-di . :petroleum ether by vigorous stirring at room temp. overnight, upon which
(zl,g)Dlmethyl 3-Cyano-3-phenyl-3-(3.4-dimethoxyphenyl)propionic ACIt e product solidified, and the sticky undissolved solid separated out from
the supernatant liquid. Recrystallization from@®CH,Cl, gave 156 mg of
A stirred mixture of 99 mg (0.27 mmol) 8b and 4 ml of 50% aqueous 4a (29%), mp 115-119 °C.— IR (KBry. = 2200 crit (w, C=N), 1620 (s,
NaOH was heated at 90-100 °C for one week. An abundant solid was forngeg) 1 NMR (200 MHz, CDC4): & = 1.56 (s, 6 H, 2-Ch), 2.80 (t,J =
by attack of the alkali on the glass flask. The mixture was diluted with water; > 1 NCHCH.Ar), 2.90 (s, 3 H, NCH), 3.52 (t,J = 7 Hz, 2 H,
and washed with EtDA supernatant oil consisting of the sodium salt of acidycH,CH,Ar), 3.87 (s, 6 H, OCH), 6.7-6.9 (m, 3 H, aromatic H), 7.2-7.5
10, insoluble in the strongly ionic aqueous phase, was separated out fromthe 1 H, aromatic H).lSC NMR (50 MHz, CDCY): & = 25.2, 33.0, 37.4,
aqueous phase and dissolved in pure water. This solution was acidified 11 53.2,56.0,60.9, 111.4, 112.2, 120.8, 124.0, 127.5, 127.8, 130.0, 131.5,
=1) W|_th_ concd. aqueous HCI, and t_he new oil formed was separated out al%.?, 147.7, 149.0, 173.8.— Anal26832N203) C, H, N.
reprecipitated from EtOH/water to give 34 md.6f 82% pure by HPLC (ca.
37%), noncrystalline solid.— IR (KBry = 3200 et (br., OH), 2240 (w,
CN), 1730 (s, C=0).2H NMR (200 MHz, CDC}): 5= 1.41 (s, 3H,2-C),  2.2-Dimethyl-3-cyano-3-phenyl-3-(3,4-dimethoxyphenyl)-N-methyl-
1.47 (s, 3 H, 2-Ck), 3.74 (s, 3H, OCH), 3.88 (s, 3 H, OCH), 6.7-7.0 (m, N-(3,4-dimethoxyphenethyl)propionamidé)

3 H, aromatic H), 7.2-7.5 (m, 5 H, aromatic H). The procedure fatawas followed, using 0.70 ml (1.4 mmol) of thguL.i

. solution and 2 ml of THF, 258 (1.38 mmol) of 3,4-dimethoxi¥-methyl-

4-Nitrobenzophenond {) phenethylamine, 255 mg (0.695 mmol)if in 2 ml of THF and a 3-h

The procedure fdBawas followed, using 0.14 g (1.3 mmol)tBuUOK in  reaction time. The crude liquid product was digested with 100 ml of petro-
2 ml of dry DMSO, 300 mg (1.26 mmol) of phenyl-(4-nitrophenyl)acetonileum ether/Et@ (25:1) by vigorous stirring at room temp. overnight, upon
trile in 2 ml of dry DMSO, 185l (1.26 mmol) of ethyl bromodimethyl- which the product solldlfleq, qnd the sticky gndlssolyed splld was separated
acetate and a 4-d reaction time. The reaction mixture was diluted with waf@t from the supernatant liquid. By two additional digestions at room temp.
and a precipitate was filtered out and washed with water to give 277 mg/gf 100 ml of petroleum ether and 100 ml of petroleum ethey/E2611)
11 (97%), mp 131-137 °C (ré2f‘.‘] 138 °C); IR andH NMR spectra in  Was obtained 50_mg ab (14%), nonc_rysta_llhne solid. On concentration Qf
agreement with structutel. the supernatant liquid from the last digestion there precipitated an additional
66 mg ofdb (19%).— IR (KBr):v = 2240 criit (vw, C=N), 1640 (C=0).—
'H NMR (200 MHz, CDC4): 5= 1.56 (s, 3 H, 2-C), 1.57 (s, 3 H, 2-C}),
2.82 (t,J=8 Hz, 2 H, NCHCH-2Ar), 2.85 (s, 3 H, NCHh), 3.49 (tJ= 8 Hz,

The procedure foa was followed, using 1.41 g (12.6 mmol)tBuOK 2 H, NCH2CH2Ar), 3.77 (s, 3 H, OCBk), 3.86 (s, 9 H, OCh}, 6.7-7.0 (m, 6
in 30 ml of dry DMSO, 3.01 g (12.6 mmol) of phenyl-(4-nitrophenyl)aceH, aromatic H), 7.2-7.5 (m, 5 H, aromatic H)1.§C NMR (100 MHz,
tonitrile in 10 ml of dry DMSO, 1.6 ml (12 mmol) of ethyl 2-bromo-2- CDCl): & = 25.5, 25.6, 33.0, 37.4, 49.4, 53.2, 55.8, 55.9, 55.96, 56.00, 60.6,
methylacetate and a 3-d reaction time. Kugelrohr distillation of the crude0.2, 111.4, 112.1, 113.9, 120.7, 122.4, 123.7, 127.6, 127.9, 129.7, 131.4,
product (oven temp. 200-210 °C/0.2 Torr) gave 1.331@ (81%), viscous  131.8, 139.7, 147.7, 148.3, 148.4, 149.0, 174.0.— AnaiH#EN20s) C,
liquid.— IH NMR (200 MHz, CDC4; diastereomeric ratio = 1:19:= 1.06  H, N.

Ethyl 2-Methyl-3-cyano-3-phenyl-3-(4-nitrophenyl)propionate) (
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2,2-Dimethyl-3-cyano-3-isopropyl-3-(3,4-dimethoxyphenyl)-N-methyl-
N-(3,4-dimethoxyphenethyl)propionamide)(

period. Vincristine 1Go was defined as the vincristine concentration that
reduced by 50% the cell growth attained by the control culture, and was
determined from a semilogarithmic plot of cell growth vs. vincristine con-
centration using GraphPad InPlot 3.0.1 program. Relative resistance was
expressed as the ratio of vincristinesg@r MDR P400 cells to that for

The procedure foda was followed, using 0.49 ml (0.98 mmol) of the
nBuLi solution and 2 ml of THF, 190 (1.03 mmol) of 3,4-dimethoxij{-

methylphenethylamine, 172 mg (0.516 mmolPofin 2 ml of THF and a
3-h reaction time. By TLC of the crude product on silica gel wit
CgHe/ACOEL (4:1) as mobile phas&:(= 0.5) was obtained 105 mg 4¢
(42%), noncrystalline solid.— IR (KBry = 2200 criit (vw, C=N), 1600
(C=0).-*H NMR (200 MHz, CDC4): 5=0.77 [d,)= 7 Hz, 3 H, CH(®l3)2],
1.41[d,J=7Hz, 3H, CH(El3)2], 1.48 (s, 3H, 2-Ch), 1.59 (s, 3 H, 2-C}},
2.56 (s, 3H, NCh), 2.93 [sept) = 7 Hz, 1 H, Gi(CHz)2], 2.61 (t,J = 8 Hz,

2 H, NCHCH2AY), 3.1-3.5 (br., 2 H, NB2CHAr), 3.84 (s, 3 H, OCH, 2]
3.85 (s, 6 H, OCBh), 3.86 (s, 3 H, OC¥}, 6.6-6.8 (m, 4 H, aromatic H), 7.0 [3]
(br., 2 H, aromatic H).2%C NMR (125 MHz, CDCJ): & = 21.3, 22.0, 27.8,
29.7, 32.8 (br.), 34.0, 37.4, 51.7, 53.4 (br.), 55.85, 55.87, 56.0, 60.3, 1t€
(br.), 111.1, 111.8, 120.0 (br.), 120.3, 120.6, 130.4, 131.3, 147.5, 148.5 (| A'f
148.8, 174.1.— Anal. (8H3sN20s) C, H, N.

(1]

(5]
2,2-Dimethyl-3-phenyl-3-(3,4-dimethoxyphenyl)-4-imino-N-(3,4-dimeth-

oxyphenethyly-butyrolactam %a) 6]

The procedure fatawas followed, using 0.91 ml (1.8 mmol) of tguL.i [7]
solution and 2 ml of THF, 298l (1.76 mmol) of distilled 3,4-di-
methoxyphenethylamine, 309 mg (0.842 mmoBlofn 3 ml of THF, and a (8]
20-h reaction time. The resulting mixture was stirred with 15 ml of 1 M
aqueous HCI, and then brought to pH = 8 with 1 M aqueous NaOH, whiggj
formed a precipitate. The mixture was extracted wigDEand the ethereal
phase was washed with water and dried@@). TLC of the crude product
on silica gel with GHsCH3/AcOEt (3:2) as mobile phasBs(= 0.4) afforded
253 mg o05a(60%), noncrystalline solid.— IR (KBr):= 3260 cmt (m, NH),
1720 (s, C=0), 1630 (s, C:N)l.H NMR (200 MHz, CDC4): 6=10.96 (s, 3
H, 2-CHg), 1.00 (s, 3 H, 2-Cb), 2.82 (tJ = 8 Hz, 2 H, NCHCH2Ar), 3.73
(s,3H,0OCH), 3.82(s,3H, OCB), 3.84 (s,3H, OCBh}, 3.87 (s, 3H, OC}h},

rParental L5178Y cells.
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