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2,2,3-Triarylpropionitriles and Related Compounds
as Hypocholesterolemic Agents
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Various 2,2,3-triarylpropyl compounds were prepared and evaluated in rats for cholesterol lowering activity.
The 2,2,3-triarylpropionitriles were found to have marked hypocholesterolemic activity at low dosage levels.
A discussion of the preparation, n.m.r. spectra, and pharmacology of these compounds is presented.

Among the several types of compounds for which
serum cholesterol lowering activity has been demon-
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strated in man are triparanol,! 1-[p-(B8-diethylamino-
ethoxy)phenyl]-1-(p-tolyl) -2 -(p-chlorophenyl)ethanol
(represented by general formula I), and benzmalecene,?

converted to the diarylacetonitrile V by treatment with
boron trifiuoride, hydrogen cvanide, and toluene.* An
attempt to alkylate V on the «-carbon by means of
sodamide and p-chlorobenzyl chloride led instead to
the ether XIVa. Realkylation of XIVa then gave the
expected Ca-alkvlation product XVa. Although the
p-chloroben?yl ether in XVa could undoubtedly have
been cleaved and the resulting phenol alkylated to the
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more pharmacologic interest than either IIla or IIIb,?

The general synthetic route which provided all of the
compounds under discussion is illustrated by the exam-
ple in Chart I. p-Benzoyloxybenzaldehyde (IV) was

(1) Progressin Cardiovascular Diseases, Vol. II, No. 6 (PartI), May, 1960.
Proceedings of the Conference on MER-29 (Triparanol).

(2) S. S. Bergen, Jr., L. B. Van Itallie, and W. H. Sebrell, Proc. Soc.
Ezptl. Biol. Med., 103, 39 (1960). R. H. Furman, R. P. Howard, L. N.
Norica and C. W, Robinson, Jr., Proc. Soc. Ezptl. Biol. Med., 103, 302
(1960). B. A. Sachs, E. Danielson, and R. J. Sperber, Metad. Clin. Ezp.. 9,
783 (1960),

CsH4CHs-p
XIII

(3) A recent report indicated that some 2,3-diarylacrylonitriles substi-
tuted with the diethylaminoethyl ether function were found to have choles-
terol lowering activity in rats. These compounds were reportedly made on
the basis of analogies to the stilbestrol structure and the known hypocholes-
terolemic effect of many estrogenic substances. G. M. K. Hughes, P. F.
Moore, and R. B. Stebbins, paper No. 14, and 8. K. Figdor, E. C. Schreiber,
R. B. Stebbins, P. F. Moore, and R. Punson, Jr., paper No, 15, Abstracts of
the 142nd National Meeting of the American Chemical Society, Medicinal
Section, Atlantic City, N. J., September 9-14, 1962. Also, Chem. Eng.
News, 40, 54 (September 17, 1962).

(4) J. Mills, U.S. Patent 2,447,419 (August 11, 1947).
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by alkyvlation in liquid ammonia by procedure similar to that reported for XVh
¢ Although XXIIT and XXXII were purified as the hvgroscopic oxalate, the analyses and pharmacologic testing was done on

aluniina.

desired amino ether VII, this was not the route emn-
ploved in preparing quantities of the various analogs of
VII. The ether cleavage and subsequent alkylation to
an amninoether actually was carried out, but on XV\h,
the benzyloxy analog of XVa (see Experimental).
In addition, attempts to synthesize XIVb directly, by
using p-benzyloxybenzaldehyde in place of IV, led only
to red, viscous oils and gums. The formation of XIVa
was readily avolded by converting V to the amino
ether VI before the sodamide-p-chlorobenzyl chloride
alkylation reaction. In this manner VII, and its homo-
logs and analogs, could be obtained in three steps and
good vield. When toluene was used as the solveut in
the alkylation step, appreciable amounts (10-309;) of
quaternary amines were forined and puvifications sonie-
times became laborious. The use of liquid ainmonia asx
the solvent minimized amine quaternization (<H%)
and nsuallv allowed purification hy direct crystalliza-
tion of a salt of the aminonitriles.

The ITIb-type amines were then obtained by lithiuni-
aluminum hydride reduction of VII to VIII). Com-
pound VIII served for the preparation of a few N-sub-
~tituted and N, N-disubstituted compounds (IX).

The original plan for the preparation of the ITIa-type
propauols, e.g., XIII, involved the hvdrolysis of VII to
the corresponding amide, ester, or actd and subsequent
conversion to XITL.  Attemnpts to hydrolyze the nitrile
group i VII proved fruitless although hydrolysis doexs
succeed with somewhat similar systems in the analgesic
field. In view of these difficulties, a 3-step conversion
of VII to XIII which proceeds rza the amine VIIT was
employed.* The process was vastly facilitated by the
fact that purification of the reaction products was un-
necessary until isolation of the final product (XIII).
Upou oue oceasion, however, a sammple of the aldehyde
XII was purified for physicocliemical analysis and
pharmacologic testing. Successful conversion of VIII
to the chloramine X with N-chlorosuccinimide could be

®The free buse was purified by chromatugraphy o

determined by examination of the infrared spectrn of
the crude reaction product. The chloramine N-H
peak ocenrs at 3.04 p shifted from the 2.94 u peak of
the amine VIII. Basc treatuient of X vielded the
hnine XI \\'hi(‘h was not isolated but mnediately
hydrolyzed te the aldehvde XII.  Lithiumn alunmibmmnn
hvdride reduction of XTI then gave the propanol X111,

Cholesterol svnthesis inhibition studies i rat liver
tissue i an on et incubation svstem indicated that the

i3 CSvustutie Aaalgesies,”” Maet 1, V0 AL L Janssen, Pergamun Feees,
Ine., New York, NO Y. 1000, Clhuapters TXL X, amd XTI Conditions wd-
fitiently vignrous to eive indications uf amide formation alsy caused exten-
sive eharring, vleavage of the cuwr funetion, or sudfonation of the phenotie
ving whun sulfurie aeild was nsil sas tloe hyvdrolytic reagent. Another ex-
ample vf the hindeved nature of the nitride tesulted frone stindies o thue reae-
tion nf VIT with excess CHMeBr, T illustrate, 2,76 g0 of VIT was treaved
with CHaMeBre in vefluxine tobnene for 1.5 hee Cliromatography of the
Lydrotyzied ketiwine seixtace zave 113 soes of the desired ketore (4, 315 we.
of deseyanophennl amsl abont 1 g of eroede phenotie ketone tiid. O

“Xynthetie Aualgesies,” Pars 1 Chaprer XVE Mure gentbe teeatuend of
COCHa
(CaHy) I\LHZLHZO—@ C=CHo—/ N
CoH,CHgep
1
HO@—CH _('1H2@(Ji
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i Ho—' c CH, Cl
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il
VID vtobnene, 2 he, 805 gave only starting material.  Somewhat similar

resilts were ubtained upou testtioent of XV with excess wethyl Grignanl
reament in toliene, N reavtion oceurred after heating the mixture 4 hr. at
(0-80°. Ileating at rellux tewnernture (U hr.) eaused extensive benzyl ethur
veavage and veduetive rewgoval of the ryane group along with fuormation of
sunee wirthyl ketone.

Tlos general process was used by 1L Ruscliig, WL I'ritsel, J. Schranlt-
Thowe. amdl W. Huwle, Chem. Ber., 88, 883 (1955), for the eonversion ol
steroidal 20-amines to 20-ketones. It was subsequently used to conver:
several stervidal alkaloids to nitrogen-free steroids.

i
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Analyses
— Caled. - Found
Formula C H Cl N C H Ct N

CusH,, CIN,0-HCI 69.55 6.67 14.67 5.79 69.46 6.84 14.76 6.02
CuHuN3O 78.41 7.56 10.16 77.64 7.38 10.07
CasHz N0 - CH,0, 71.69 6.82 3.57 71.24 6.91 5.31
CaeH34N,0, - HCl 72.70 7.36 7.40 5.85 72.12 7.48 7.64 5.60
CysHy CIN,O 7.93 7.97

Ca3H; CIN,0 - C,H,04 67.09 6.19 .60 5.22 66.54 6.22 6.50 4.79
CaysHy,CLN,O -HCI 64.93 6.03 20.54 5.41 65.58 6.28 20.24 5.37
CasHzoCloN,0 - HCH 64,93 6.03 20.54 H.41 64.96 6.33 20.26 5.24
CysH3 N;0;-HCI 68.07 6.53 7.18 8.51 68.06 6.74 7.26 8.42
CasH 3 N;0;- HCI 68.07 6.53 7.18 8.51 67.83 6.69 7.07 8.25
CyH; F3N,O0-HCY 67.36 6.24 6.36 5.42 67.07 6.37 6.85 5.27
CxHy FN,O-HCl? 72.01 6.91 7.59 6.00 71.73 7.06 7.64 5.88
CasH3:N,0-HCI 75.22 7.62 6.05 75.31 7.79 5.62
CosH3N,0 80.33 9.15 6.69 80.25 9.19 6.74

the free base. ¢ The titration was performed on the oily free base.

€

In this alkylation the aminonitrile (V1) was added to the reaction

as the hydrochloride and two equivalents of sodamide were employed. The results were comparable to the use of the free base with one

equivalent of sodamide. 7 F, caled.: 11.02. Found: 11.89.

propanol XIII was less active than triparanol. The
nitrile VII, on the other hand, was definitely more
active. Comparable results were also obtained in
animal experiments (vide infra). In addition, animal
testing indicated that the aldehyde XII, and the amine
VIII and several of its derivatives (IX: (a) R, = H, R,
= COCHg, (b) R1 = H, Rz = CQH5; <O) R1 = CHg,
R, = C,H;s; (d) Ry = R, = CHs;) were without activity.
In view of these results, the emphasis in the synthetic
program was shifted to analogs of VII.

A large-scale preparation of nitrile V allowed the
isolation of an amide by-product (XVI) in about 5%
yield. TUnder the influence of the boron triftuoride
catalyst, the water generated in the preparation of V
had evidently hydrolyzed some of the nitrile to amide

Q COO —@*(EHCONPH

CsH.CHarp
XVI
(C2Hy) ;NCH,CH,0 CHCONH,
CeH,CHs-p
XVII
(I:ONHz
(Csz)zNCHzCHzO—Q—-(I}—CHz ©~m
C5H4CH3'p
XVIII
CONHCH;
(CeHs) 2NCH2CH20@?H
p-CH3C5H4
XIX Cl

XVI. Conversion of XVI to XVII could be effected

¢ F, Caled.:

4.07. Found: 4.15.

without difficulty; however, amide XVII was more
readily obtained by a carefully controlled hvdrolysis of
VI.

With XVII in hand, the possibility arose of synthe-
sizing the triarylpropionamide XVIII, which we had
not been able to obtain by hydrolyzing VII (vide supra).
Although amides in which the nitrogen is not disub-
stituted are known to undergo N-alkylation in pref-
erence to alkvlation on the a-carbon, the possibility
existed that the two arvl functions in XVII might re-
verse the order of preference. The p-methyl and p-
ether functions in XVII would, of course, exert a de-
stabilizing effect upon the desired carbanion formation.
Treatment of XVII with sodamide and p-chlorobenzyl
chloride in toluene gave the amide XIX, the quaternary
salt of XIX, and some starting material. None of the
desired amide (XVIII) was detected. Efforts were
then made to utilize the versatile dianion techniques of
Hauser” in order to obtain C-alkylation. The use of 2
moles of sodamide or potassium amide in liquid am-
monia gave color changes suggestive of dianion forma-
tion. Addition of one equivalent of p-chlorobenzyl
chloride to the reaction mixture dissipated the orange
color and regenerated the grav color characteristic of
the amide monoanion. However, neither C- nor N-
alkylation products was obtained. Rather than
alkylating the carbanion, the benzyl halide evidently
served as a proton source for the carbanion, and was
itself converted to a stilbene. Thus, this method of ob-
taining triarylpropionamides was not successful.

Table I summarizes variations made in the C-3 aryl
group of VII. Among these compounds, only XX and
XXXII were without significant hypocholesterolemic
activity. The remaining compounds were in general
active orally in the dose range of <0.005-0.019 in

(7 R. B, Meyer and C. R. Hauser, J. Org. Chem., 36, 3696 (1961).
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the diet.® Among the most active compounds were
VII, XXI, XXII, XXIII, and XXIV. By the samne
assay method triparanol has borderline activity at
0.019, and definite activity at 0.029; in the diet. Given
subcutaneously, the compounds were generally active
at 1 or 3 mg./rat/day dose levels, although they did not
appear as effective as triparanol in this test.”

The propano] (XIIT)was active only at 5 mg./rat /day,
s.c., and orally at 0.109%, in the diet. The necessity of
the amine side chain for pharmacologic activity was
demonstrated by the fact that ethers XVa and XVb and
the corresponding phenol, 2-(p-hvdroxyphenyl)-2-(p-
tolyl)-3-(p-chlorophenyl)propionitrile, did not possess
any detectable activity. Varying the amino side chain
to a vy-dimethylamino-n-propyl or g-dimethylamino-
isopropyl group (see Experimental) notably increased
toxicity effects. One example of another structural
modification (XXXIII) in the nitrile series was made
(see Experimental) and screened for hypocholesterole-
mic activity. This homolog of the 2,2 3-triarylpro-
pionitriles was orally active only at 0.0197 in the diet.

CN

I
{C2H5)2NCH.CH,0 ‘@‘%'—C H, @— Cl

(szCquCl-p
XXXIII

Interestingly, only serum cholesterol levels were re-
duced at doses as high as 0.109,. No significant lower-
ing was observed in the liver or adrenal.

Partial structure XXXIV represents a moiety com-
mon to most of the compounds in this work. Regard-
less of the nature of the other two substituents on the
asterisked carbon (e.g., XXXIV may represent com-
pounds VI, VII, IX XII XVII, XIX, ete.) the location
of the n.m.r. peaks assigned to the protons on C~Cs
remained nearly constant. Structure XXXIV showed
a triplet centered at 3.99 £ 0.03 p.p.m. (C,), a triplet

5 3 2 1 4
(CHJHthCHJHhO—<::>~?—<ij>—CH3

XXXIV

centeredat 2,82 =+ 0.03 p.p.m. (G,), a quartet centered at
2.62 + 0.03 p.p.m. (Cs), a singlet at 2.30 + 0.03 p.p.m.
(Cy), and a triplet centered at 1.06 = 0.01 p.p.m. (Cs).
A proton on C* of structure XXXIV exhibited a singlet
located at 4.79 =+ 0.01 p.p.m. when XXXIV represents
XVII or XIX and at 3.00 p.p.m. in XXXV. Other
nm.r. peaks exhibited by XXXV were as follows: a
multiplet centered at about 4.5 p.p.m. (Cy), a doublet
centered at about 2.36 p.p.m. (Cy), a singlet at 2.33

(8) Screening for oral activity in hyperchlolesterolemic rats was carried
sut according to the method of R. G. Herrmann, C. C. Lee, and R. Parker,
Arch. Intern. Pharmacodyn., 188, 284 (1961). The active nitriles reduced
serum, liver, and adrenal cholesterol levels. However, there appeared to be
less effect on adrenal levels than with triparanol. This could be a desirable
factor in & hypocholesterolemic agent since there might be lesser likelihood
of disturbing normal adrenal function. No data are available on the sensi-
tivity of this assay method to other sterols, or on the presence or absence of
other sterols in the serum and tissues of the treated animals,

(9) Screening of the compounds for cholesterol lowering activity by the
subecutaneous route was carried out on normocholesterolemic, weanling male
rats on & normal diet. The rats were injected with a 1 or 3 mg. daily dose
for 12 days. A blood sample was withdrawn at the time of sacrifice and the
serum analyzed for cholesterol content. No tissue analyses were made.
Since the rats averaged about 100 g. in weight during the course of the test,
the dosage data can be converted to & mg./kg. basis by multiplying the dose
times 10. Dose levels in the 2 tests can be roughly interrelated. A s.v.
3 mg./rat dose equals 30 mg./kg., and an oral 0,059 dose equals approxi-
niately 36 mg./kg. as estimated by measurement of food consumption.

K 4 1 IN H
(«H@ﬁ«&h§H0—<C:>-$H 7 N 11,
TCH, N -
XXXV

p.p.m. {Cy), a singlet at 2.27 p.p.m. (C,), and a doublet
centered at 1.25 p.p.m. (Cs). Since the single proton
multiplet (C,) was at lower field than the two-proton
doublet (C,), these results allowed the assignment of
structure XXXV rather than XXXVI to the product
obtained from the reaction of V with 2-dimethylamino-
propyl chloride (see Experimental). Despite excellent
vields of nonerystalline aminonitrile hydrochloride oh-
tained in this reaction, only 10-159% yields of crystalline
XXXV were isolated. The bulk of the material could
not be further purified in our hands. Compound
XXXV should be formed in significantly lesser yield
than XXXVI from the intermediate unsymmetrical
iminium ion. Since both XXXV and XXXVI contain
two asymmetric centers, the reaction product should
contain 4 racemic compounds. We have evidently suc-
ceeded in crystallizing the hvdrochloride of only oue of
these 4 compounds.

«Wth$HCPhO<::}-?H—<::>CH3
CH,y CN
XXXVI

Experimental'®

p-Benzoyloxyphenyl-p-tolylacetonitrile (V).—This compound
was obtained in 65~709% yields from p-benzoyloxybenzaldehyde
(IV), toluene, boron trifluoride, and hydrocyanic acid according
to the general procedure of Mills.# The product erystallized
from ethanol, m.p. 118-119°,

Anal. Calcd. for ngHnNOg: C, 8071, H, 523, N, 4.28,
Found: C, 80.56; H, 5.24; N, 4.19.

p-Chlorobenzyloxyphenyl-p-tolylacetonitrile (XIVa).—To 5.73
g. (147 mmoles) of freshlv prepared sodamide suspended in 400
ml. of dry toluene was added 43.8 g. (134 mmoles) of the diaryl-
acetonitrile (V). After heating the mixture 1.5 hr. at 60°, during
which time the reaction mixture acquired a blue-green color, 25 g.
(155 mmoles) of p-chlorobenzyl chloride was added. After
stirring and heating the mixture overnight at 60°, it was brought
to reflux for 1 hr., then cooled and washed successively with 109,
sodium hydroxide, water, and brine. After drying over calcium
chloride, the solvents were removed in vacuo, leaving 45 g. of oil.
Crystals from ethanol melted at 72-76°. Two further recrystal-
lizations from ether—petroleum ether gave 21.5 g., m.p. 83-84°.

Anal. Caled. for CHCINO: C, 75.96; H, 5.22; N, 4.03;
ClL 10.19. Found: C, 75.71; H, 5.58; N, 3.89; Cl, 9.96.

2-(p-Chlorobenzyloxyphenyl)-2-p-tolyl-3-p-chlorophenylpro-

pionitrile (XVa).—Compound XIVa was retreated in the same
manner with p-chlorobenzyl chloride and sodamide to furnish
XVa, m.p. 107-109°, in 609, yield.

Anal. Calcd. fOI‘ ngstOlzNOZ C, 7373, H, 4:90, Cl, 15()],
N, 2.96. Found: C, 73.69; H, 4.83; Cl, 15.10; N, 2.90.

p-Benzyloxyphenyl-p-tolylacetonitrile (XIVb).—After adding
19.28 g. (59 mmoles) of p-benzoyloxyphenyl-p-tolylacetonitrile
(V) to a solution of 1.43 g. (62 mmoles) of sodium in 75 ml. of
ethanol, the mixture was refluxed for 1 hr. Then 9.42 g. (74.4
mmoles) of benzyl chloride was added and refluxing continued for
1.5 hr. After cooling, the reaction mixture was diluted with
water and extracted with chloroform. The extracts were washed
with water and brine and dried over anhydrous magnesium sul-
fate. The solvent was removed in vacuo to furnish 28 g. of yellow
solid. Two recrystallizations of the product from acetone—

f10) All melting points are corrected. Ultraviolet, infrared, and n.m.r.
spectra were obtained in ethanol, chloroform, and deuteriochloroform, respec-
tively. Titrations were carried out in a 66% aqueous dimethylformamide
system. All ultraviolet spectra obtained were consistent with a summation
spectrum of the contributing aryl groups present in the molecule. The
n.m.r. spectra integrated correctly for the number uf hydrogens in the as-
signed structures.
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petroleum ether gave 14.5 g. (78%) of XIVb, m.p. 122-124°.
Anal. Caled. for CH;sNO: C, 84.31; H, 6.11; N, 4.47.
Found: C, 84.53; H, 6.27; N, 4.39.
p-(8-Diethylaminoethoxyphenyl)-p-talylacetonitrile Hydro-
chloride (VI-HCl).—-To 1.95 g. (85 mmoles) of sodium dissolved
in 100 ml. of ethanol was added 26.2 g. (80 mmoles) of V, and the
solution was refluxed for 1 hr. and then cooled. In the nieantime,
17.2 g. (100 mmoles) of g-diethylaminoethyl chloride hydrochlo-
ride was converted to the free base in the usual manner. The
ethereal solution of the free base was dried over magnesium sulfate
and the solution then filtered directly into the cooled reaction
flask. Heating was resumed, and after most of the ether had
evaporated the reaction mixture was refluxed for 1 hr. It was
poured into water and extracted several times with ether. The
ethereal solution was washed successively with 109, sodium
hydroxide, water, and brine. After drying over sodium carbonate,
the ether was evaporated in vacuo to yield 40 g. of oil. This was
redissolved in ether and the product converted to its hydro-
chloride. Evaporation of the ether decanted from the hydro-
chloride gum gave 10.17 g. of ethyl benzoate. The gum was
digested with ethyl acetate to give crystals melting at 114-118°,
26.42 g. (92%); pK. 5.78; mol. wt., caled.: 359, found: 354.

Anal. Caled. for CuHoCIN:0-HCIl: C, 70.27; H, 7.38; Cl,

9.88; N, 7.81. Found: C, 70.18; H, 7.83; CI, 9.71; N, 7.91.

2-[p-(B-Diethylaminoethoxy)phenyl]-2-(p-tolyl)-3-(p-chloro-
phenyl)propionitrile Hydrochloride (VII-HCI).—VII was pre-
pared by the same procedure described for the preparation of
X1Vsg above. In this case, of course, VI rather than V served as
the starting material and C-alkylation occurred. The resulting
product, being an amine, was purified as the hydrochloride.
For physical constants see Table I. Other analogs similarly pre-
pared from VI in a toluene solvent are denoted in Table I by 't’.

2-p-Benzyloxyphenyl-2-p-tolyl-3-p-chlorophenylpropionitrile
(XVb),—Twenty grams (64 mmoles) of XIVb was added to
sodamide, prepared from 1.61 g. (70.3 mmoles) of sodium, in
liquid ammonia. After about 10 min. 11.30 g. (70.3 mroles) of
p-chlorobenzyl chloride in ether was rapidly added. After 20
min. stirring, the mixture was diluted with ether, solid ammonium
chloride cautiously added, and the ammonia evaporated. The
remaining ethereal solution was washed with water, dried, and
evaporated leaving a solid which crystallized froni acetone—hex-
ane, m.p. 141-143°; yield, 25.90 g. (92.59). An analytical
sample melted at 142-145°.

Anal. Caled. for C3HxCINO: C, 79.33; H, 5.52; Cl, 8.10;
N, 3.20. Found: C, 79.57; H, 5.63; CI, 7.84; N, 2.94.

Anglogs of VII, which were prepared in a liquid ammonia
solvent by a procedure identical with that described for XVb, are
denoted in Table I by 'n’. The starting material for these com-
pounds was, of course, VI rather than XIVb, and being amines
they were usually purified as their salts.

2:[p-(B8-Diethylaminoethoxy)phenyl]-2-(p-tolyl)-3-(p-chioro-
phenyl)propylamine Dihydrochloride (VIII:2HCI),—Lithium
aluminum hydride reduction of 4.48 g. of nitrile VII in refluxing
ether gave the diamine VIII, which was converted to the di-
hiydrochloride (4.71 g.), m.p. 1535-165°, pKa 7.25 and 8.30.

Anal. Caled. for CyH3:CIN,O-2HCI: C, 64.18: H, 7.12; CI,
20.30; N, 5.35; mol. wt., 524. Found: C, 64.03; H, 7.29; C],
20.71; N, 53.19; mol. wt., 540.

N-Acetyl-VIII Dihydrochloride (IX, R, = H, R, = COCH;).—
Compound VIII was dissolved in acetic anhydride and warmed
on the steam bath for 3 hr. The acetic anhydride was then re-
moved ¢n vacuo and ice water was added to the resulting residue.
After ether extraction of the mixture, the organic phase was
washed with dilute bicarbonate solution followed successively by
water and brine. The ether solution was then dried over magne-
sium sulfate, filtered, and concentrated to an oil.

The hydrochloride was prepared in ether and recrystallized
twice from acetone—~ethyl acetate (949 vield). Unexpectedly the
salt proved to be a dihydrochloride, m.p. 134-138°; pK, 8.13;
mol. wt., caled.: 566, found: 555. The second mole of acid
titrated as essentially free hydrochloric acid, because of its weak
bonding to the amide group in solution. After drying the product
overnight over potassium hydroxide pellets in vacuo, 0.8 of an
equivalent of ''free’’ hydrochloric acid was titrated. Drying over
potassium hydroxide pellets tn vacuo at 80° for 2 hr. reduced the
free’” hydrogen chloride content to 0.4 equiv. The sample for
elemental analysis and titration was prepared by vacuum drying
at room temperature.

Anal. Ca',lcd fOI' CsoHs'{ClNgOz‘QHch C, 6366, H, 695,
CL,18,79; N,4.95. Found: C, 63.78; H,7.17; Cl, 17.29; N, 4.70.
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N-Ethyi-2-[p-(8-diethylaminoethoxy)phenyl]-2-(p-tolyl)-3-
(p-chlorophenyl)propylamine (IX, R, = H, R, = GCH;).—At-
tempted reduction of the N-acetyl compound (IX, R, = H, R, =
COCH;) with lithium aluminum hydride in refluxing ether (2 hr.)
led to the recovery of starting material. Reduction in refluxing
tetrahydrofuran (2 hr.) gave a good yield of the diamine as a
colorless oil. Without further purification, the crude product
gave excellent infrared and ultraviolet spectra consistent with the
desired product and titration showed pK,’ 7.7 and 8.7.

Anal. Caled. for CH3CIN2O: mol. wt., 479. Found: mol.
wt., 472.

N-Methyl-N-ethyl-2-{p-(5-diethylaminoethoxy)phenyl]-2-
(p-tolyl)-3-(p-chlorophenyl)propylamine Dihydrochloride (IX,
R1 = CHs, Rz = C2H52HCI).——T0 1.39 g. of the N-ethyl com-
pound (IX, Ri = H, R; = CH;) was added 5 ml. of 98-1009
formic acid and 3 ml. of 379 formaldehyde. After refluxing for
6 hr., the solution was diluted with ether and washed with 5%
sodium hydroxide and then with water. Evaporation of the dried
ether gave 1.11 g. of oil which was converted to the dihydrochlo-
ride. Crystals obtained in 44.5%, yield from ethyl acetate melted
at 193-198° C., pK,’' 6.7 and 8.1.

Anal. Caled. for C;HyCIN:O: mol. wt., 563.
mol. wt., 368.

The n.m.r. spectrum of the product showed, in addition to the
peaks discussed for partial structure XXXIV, singlets located at
3.05 p.p.m. {Cs) (see XXXVII), 2.80 p.p.m. (C), and at 1.78

Found:

9
CH;
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CHZNCHz CH3
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p.p-m. (Cs), a quartet centered at 2.14 p.p.m. (Cs), and a triplet
centered at 0.86 p.p.m. (Cy).

N,N-Dimethyl-2-[p-(3-diethylaminoethoxy)phenyl]-2-(p-tolyl)-
3-(p-chlorophenyl)propylamine Dihydrochloride (IX, R, = R, =
CH; - 2HCl).—In the same manner as described above the primary
amine (VIII) was converted to the dimethyl compound (IX, R,
= R, = CH;) with formic acid and formaldehyde and purified as
the dihydrochloride, (48.59% yield) m.p. 205-225° dec. (methanol—
ethyl acetate—ether), pK, 6.45 and 7.75.

Anal. Caled. for CyH3CIN,0-2HCL: C,65.27; H,7.49; ionic
Cl, 12.85; N, 5.08; mol. wt., 552. Found: C, 65.89; H, 7.58;
ionic Cl, 12.79; N, 4.85; mol. wt., 382.

2-[p-(B8-Diethylaminoethoxy)phenyl] -2-(p-tolyl)-3-(p-chioro-
phenyl)propanal (XII) and - propanol (XIII).—A solution of 3.4
g. (7.6 mmoles) of diamine (VIII) and 1.13 g. (8.5 mmoles) of
finely ground N-chlorosuccinimide in 200 ml. of methylene
chloride was allowed to stand 0.5 hr. at room temperature and
then over the weekend in the refrigerator. The mixture was then
diluted with ether and filtered from some solid succinimide.
The ethereal solution was washed with water and dried over
sodium sulfate. Solvents were carefully evaporated in vacuo at
room temperature or below, leaving an oil which showed N-H
absorption in the infrared region at 3.04 4 compared to the 2.94
u peak of the starting aniine. The oil was dissolved in a solution
of 1.8 g. of sodium in 250 ml. of ethanol and warmed on the steam
bath for 45 min., causing a precipitate of sodium chloride to form.
The ethanol solution was then made strongly acidic with N sul-
furic acid and stirred a few hr. at room temperature. The clear
solution was poured onto ice and made basic with sodium carbon -
ate. Extraction of the basic mixture with ether, followed by
washing, drying, and concentration of the ethereal extracts in
vacuo, left 3.56 g. of oil with infrared peaks at 3.65 1 and 5.80 u
indicative of the aldehyde grouping.

The 3.56 g. of crude aldehvde (XII) was reduced with lithium
aluminum hydride in ether to yield 3.0 g. of oil which crystallized
upon trituration with petroleum ether. Two recrystallizations
from the same solvent gave material melting at 109-110°. A
third recrystallization gave an analytical sample of XIII, m.p.
111-112°,

Anal. Caled. for CxHaCINO,: C, 74.40; H, 7.58; Cl, 7.84;
N, 3.10. Found: C,74.67; H, 7.65; Cl, 7.96; N, 2.99.

A sample of the aldehiyde XII from another preparative run was
purified for pharmacological testing. Since neither the free base nor
its hydrochloride was crystalline, the compound was purified by
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chromatography on alumina. A colorless oil was vbtained, A,..
276 (2710); pK, 8.15; mol. wt., caled.: 449, found: 453.
In addition to the n.m.r. peaks located as discussed for partial
structure XXXIV, the aldehyde XII gave singlets at 3.5%8 p.p.n.
(the C-3 methylene bearing the p-chlorophenyl) and at 9.7 p.p.au.
(CHO).

2-(p-Hydroxyphenyl)-2-(p-tolyl)-3-(p-chlorophenyl)propio-
nitrile (Ether Cleavage of XVb).—Seven grams of XVb in 200 ml.
of acetic acid and 150 ml. of 479, hydrobromnic acid was refluxed
for 2 hr. Upon cooling the reaction mixture, a solid formed which
was filtered on a Biichner and washed with water. Vacuun dry-
ing in a desicoator gave 6.0 g. of an oily solid, m.p. 143-146°.
Three recrystallizations from ethyl acetate~hexane raised the m.p.
to 143-156° (77.7% vield), pK. 11.9.

Anal.  Caled. for CpHCINO: C, 75.96; H, 5.22;
N, 4.03; mol. wt., 348, Found: , 76.17: H, 5.35;
N, 3.78; mol. wt., 354

2-[p-(B-Diethylaminoethoxy)phenyl]-2-(;-chiorobenzyl)-3-p-
chlorophenyl)propionitrile Hydrochloride (XXXIII-HCl), -
2« (p- Methoxyphenyl)-2- (p-chlorobenzyl)-3- (p-chlorophenyli-
propionitrile!* was cleaved to the phenol in the samne muanner as
described above for XVb. The vrude product melted at 105-
129° and its ultraviolet spectrim showed the shift expected of a
phenol upon addition of alkali.

The conversion of 3.06 g. of the plhienol tv 3.02 g. of amino ether
hydrochloride (XXXIII-HCI) wag carried out as recorded for
VI-HCl above, m.p. 184=1%7°, pK,’ 7.77.

Anal. Caled. for CxHupCLNLO-HCLE €, 6520, H, 6.13:
Cl, 19.59; N, 5.30; mol. wt., 518, Found: C, 64.93; H, 6.04;
Cl, 20.54; N, 5.41; mol. wt., 517.

p-Benzoyloxyphenyl-p-tolylacetamide (XVIj, —During the
work-up of a mole-scale preparation of V the mother liquors werc
dissolved in hot benzene in preparation for chromatography.
Upon cooling the benzene to room temperature, crystals of XVI
precipitated in about 59 vield. The material was crystallized
from ethanol, m.p. 186-188°, infrared: 2.04 ux and 3.14 u
(—CONH,) and 6.04 u (-—-CONH).

Anel. Caled. for CoHgNO;: €
Found: C, 76.40; H, 5.65; N, 4.12.

p-(B-Diethylaminoethoxy)phenyl-y-tolylacetamide (XVII) (a).
-—A suspeunsion of 1.8 g. (5 nunoles) of VI-HCl in 15 ml of coned.
hydrochlorie acid was stirred and heated to 50°. Solution took
place in 5-10 1nin., but the reaction was maintained at 50° for 2
hir.  The solution was then cooled, ice added, and the mixture
made basic with sodiui hydroxide. After extraction with ether -
chloroform (3:1), the extracts were washed with water, dried
over sodium sulfate, and concentrated o zacio to 1.7 g. of semi-
solid vellowish product. Crystallization from acetone-petrolenmm
ether gave nip. 121-123°; one recrystallization raised this to
127-128° Yields in this reaction were in the range of 60-75¢, .
T'his material was identical in all respects with the product (de-
scribed in b) obtained from the reaction of diethylaminocthyl
vhloride with the amide NXVI obtained ag a by-product in the
preparation of V.

(b).-—Substance XVI was converted to XVII1 by a procedure
identical with that described for the preparation of V1. The acet-
amide (XVII; melted at 128-129° (from hexane), pRL” 8.6, The
1T spectrim was consistent with the structure agsigned.

o

Cl, 10.19;
Cl, 10011

76.50; H, 3.54: N, £06.

{111 This eompotd was kindly provided sy Ars. 1. Mills, o, 98--04°,
Arud. Caled. for CoaHigCINO: C, 6070 11, 4.83: ('}, 17.8Y. TFound: .
60,71 M, 53.04; Cl, 18.44. It was prepaced from two vyuivalents of -
chlurohenzyl chiloride and one equivalent uf pownethwsxyphenylacetonitrile
by the general metluad reported for XTIV,
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Anal. Caled. for CaHuN209: C, 74.08; H, R.29; N, 8.25;

mol. wt., 341, Found: C, 74.19; H, 8.30; N, 8.21; mol. wt.,
342,

N-(p-Chlorobenzyl - p-(3-diethylaminoethoxy )phenyl- p-tolyl-
acetamide (XIX).-—Treatment of the primary amide XVII with
sodamide and p-chlorobenzyl chloride in toluene as described for
the preparation of XIVa gave the N-substituted amide XIN in
25.89% vield, m.p. 92-93°: pK," R18; mol. wt., aled.: 463,
found: 502, Infrared: 2.92 u« (NH), 6.0 u and 6.64 u
(-=C'ONH--3.

In addition tu the ran.r. peaks discussed with regard to partial
structure XXXIV, XIX exhibits a doublet. centered at 4.30 p.p.nu.
{the methylene of the p-chlorobenzyl group split by the mnidie
NH).

1-{3-Dimethylaminoisopropoxyjphenyl-p-tolylacetonitrile Hy-
drochloride (XXXV-HCI).—The method of preparation was identi-
cal to that described for VI-HCI except that 2-dimethylamino-
propyl chloride was used in place of diethyvlaminoethyl chloride.
The resnlting hydrochioride mielted at 195-202° (from cthyl
acetate), pK,” 7.90.

Awdd. Caled. for CepHuN.O-HCL: €, 69.65; H, 7.31; XN,
S.12: ol wr, 344 Found: C, 60.54; H, 7.29; N, %.03; 1wl
wt.. 345,

2-[p-(3-Dimethylaminoisopropoxy)phenyl]-2-(p-tolyl)-3-{ »-
chlorophenyl)jpropionitrile Hydrochloride.—The title compound
was prepared in 79.59; vield fromn p-(8-dimethylaminoisopro-
poxy)phenyl-p-tolylacetonitrile (XXXV) by alkylation in liquid
anunonia as described for the preparation of XVh. Crystals of
the hydrocliloride (fromn ethyl acetate—ether) melted at 195-205°,
pK. 7.70.

Anal.
CL 1501 N, 5.97; mol. wt., 470,
Cl, 15.46; N, 5.73; mol. wt., 484.

2- p-(v-Dimethylaminopropoxy)phenyl]-2-(p-tolyl)-3-(p-chlo-
rophenyl)propionitrile Oxalate.—This nmino side-chain homolog
of VII was prepared from 2-(p-hydroxyphenyl)-2-(p-tolyl)-3-
{ p-chlorophienyl)propionitrile by treatment with sodium ethoxide
and +-dimcthylaminopropyl chloride. Due to the use of the less
reactive amino chloride, the mixture was allowed to reflux over-
night. f¢f. VI3 The product was purified as the vxalate (57.4¢;
vield 1, nip. 102-104°, pK, 8.60.

Anal. Caled. fur CuHaCINO - CuHL040: G, 66.50; H, 507
N, 5365 mol. wt., 523, Found: C, 66.45; H, 6.06; N, 5.21;
ml. wt., B3K,

Caled. for CaHyCINCO-HCL €, 69.08; H, 6.44;
Found: €, 60.26; H. 6.54;
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