
September, 1963 HYPOCHOLESTEROLENIC 2,2,3-TRI.4RYLPROPIONITRILES 533 

2,2,3-Triarylpropionitriles and Related Compounds 
as Hypocholesterolemic Agents 
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Various 2,2,3-triaryIpropyl compounds were prepared and evaluated in rats for cholesterol lowering activity. 
The 2,2,3-triarylpropionitriles were found to  have marked hypocliolesterolemic 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 denion- 

OH R'CHNHR: CHzX 
I I I 

I I1 IIIa ,  X = OH 
b , X  = KRiR2 

strated in man are triparanol,' 1- [p-(P-diethylamino- 
ethoxy)phenyl] - 1 - (p-tolyl) -2 -(p-chlorophenyl)ethanol 
(represented by general formula I), and benzmalecene,? 
iX - (1 -methyl-2,3-di-p-chlorophenylpropyl) -maleamic 
acid (represented by general formula 11). Considera- 
tion of the structural similarity of the triarylethanol I 
and the diarylpropylamine I1 suggested the value of 
synthesizing a hybrid system of triarylpropanols (IIIa) 
and triarylpropylamiiies (IIIb) for screening as hypo- 
cholesterolemic agents. As it developed. several tri- 
arylpropionitriles prepared as intermediates for the 
synthesis of conipounds of type I11 are of considerably 

converted to the diarylacetonitrile V by treatment with 
boron trifluoride, hydrogen cyanide, and t01uene.~ An 
attempt to  alkylate V on the a-carbon by means of 
sodamide and p-chlorobenzyl chloride led instead to 
the ether XIVa. Realkylation of XIVa then gave the 
expected Ca-alkylation product XTa. Although the 
p-chlorobenzyl ether in XT'a could undoubtedly have 
been cleaved and the resulting phenol alkylated to the 

CsH4 C H 3 9  

XIVa, R-C1 
b, R = H  

CN 

CsH4 CH3-p 
XVa, R = C1 

b. R = H  

CHART I - (CzH5)zNCHzCHzO 1 \ CHCN - Q c o o 0  CHO - Q COO ~ F H C N  
QI 

CsH4CH3-I, CsH4CH3-P IV 
V VI 

CN CHzNHz 

more pharmacologic interest than either IIIa or IIIb.3 
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) Progress in Cardiovascular Diseases, Vol. 11, No. 6 (Part  I). May, 1960. 
Proceedings of the Conference on MER-29 (Triparanol). 

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

(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 S. 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. 
Newa, 40, 54 (September 17, 1962). 

(4) J. Mills, U.S. Pa ten t  2,447,419 (August 11, 1947). 
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t h i r d  ainino ether I T ,  this was iiot tlie route c'iii- 
ployrd in preparing quantities of tlie various analog- o i  

1m. The ether cleavage and subsequent alkylation t o  
ai1 aniinoether actually was carried out, hut on XI%, 
t lie h~nzyloxy analog of XVa (see Esperiinmtal) 
111 addition, attempts to syiithesizc SIT'b directly, by 
nbiiig p-bciizyloxybenzaldehyde in place of IT', led only 

cous oils a i d  gums. The formation of SI17,1 
y avoided by converting \- to the aniiiio 

ot hcr  1-1 before the sodarnide-~~-chlorohetizyl chloridr 
dkylatioii reaction. In this niaiiiier T-11, and its homo- 
logs and analogs, could h i  obtained in three steps aid 
good yield. When tolueiie ~ v a i  i i s cd  a- the sol\-eiit i i i  

t l w  alkylation step, appreciable anmints (10-3 
lu:itc\niary anlines were f ~ r ~ i i e d  and purification 

riitic5 hccarnc laborious The u5e oi licluid an 
i l r t ,  wlveiit iiiiiiiniizcd aiiiiiic qiiateriiizatioii 
a i i t l  ~iirially allowed purificatioii by dii-cot V I  

t i o t i  of a salt of' the aniinonitrilcq 
't'lic IIIh-type amines JWTC tlicii ohtaiiird by litliiiiiii- 

~liimiiiuni hydride rediiction of 171 to T'III) . Coiii- 
poa~ id  TI11 served for the preparation of a fw S-wl)- 
-t  itutcd arid S. 3-disuhstitiited compounds ( IS) .  

?'ho original plau i ' ~ r  the prepai atioii of the IlIa-typ(. 
propanols, ~ . g . ,  XIII, iiir oliwi tltc Iiydrolyii of' 1-11 t o  
t Iic correspoiiding aniidr, eqtoi, or acid aiid wbscquetit 
conversion to  XIII. Alttcxnipts to Iiydrolpze the n i t r i l~  
groiip in \-I1 proved friiitlcs ugh hydrolysis dorh 
siicctrd with somewhat siniil erns in t hc analgrsic* 
field.h Ii i  L ic,w of thesc diffi 
of  \'I1 to  XI11 which proeerdi via tlic amine 1.111 11 

rniployrd.6 
fart tltat purificatioii of tlic. irwtioli products n-ab u i i -  

iiccessary iintil isolation of tlic final product IXIII), 
tTpoii oiic' occasion, hov m ~ i ~ ,  a sariiple of tlie a 
S I 1  wah purified for plig~icocli~~iiiical analy 
pharmacologic testing. Successiul con~ersioii of 1-11 I 
t o  the chloramine X with S-chlorosuccinimide ronld bt. 

The procc+ \\-ab vuitlg facilitated by tli 

I 
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7 Calcd. - Found - 
C2sHalCIN20. HCl 69.55 6.67 14.67 5.79 69.46 6.84 14.76 6.02 
CnHaiNaO 78.41 7.56 10.16 77.64 7.38 10.07 
C2sH32X;20. CZH204 71.69 6.82 5.57 71.24 6.91 5.31 
C29H34N202 .HCI 72.70 7.36 7.40 5 . S 5  72.12 7.48 7.64 5.60 
C2sH31ClN20 7.93 7.97 
C2gH31C173-20. C2Hz0, 67.09 6.19 6.60 5.22 66, 54 6.22 6.50 4.79 

C2sHsoCIzN20 * HCI 64.93 6.03 20.54 5.41 65.  58 6.28 20.24 5.37 

Formula C H c1 K C H c1 s 

C28H3OC12X20 .HCI 64.93 6.03 20.34 5.41  64. 96 6.33 20.26 5.24 
C28H31N303 .HC1 68.07 6 . 5 3  7.18 8 .51  OS. 06 6.74 7.26 8.42 

C&31X;303. HC1 68.07 6.53 7.18 8.51 67.83 6.69 7.07 8.25 
C29H3iF3N20 .HClr 67.36 6.24 6.86 5 . 4 2  (i7 . 07 6.37 6.85 5.27 
C2sHSIFN20 .HCl' 72.01 6.91 7.59 6.00 71.73 7.06 7.64 5.88 
C2&,12O -HC1 75.22 7.62 6.05 73.31 7.79 5.63 

C2sH38N20 80.33 9.15 6.69 80.25 9.19 6.74 
the free base. 
as the hydrochloride and two equivalents of sodamide were employed. 
equivalent of sodamide. f F, calcd.: 11.02. Found: 11.89. 0 F, Calcd.: 4.07. Found: 4.15. 

The titration was performed on the oily free base. e In this alkylation the aminonitrile (VI) was added to  the reaction 
The results were comparable to the use of the free base with one 

propanol XI11 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 
VI11 and several of its derivatives ( IX:  (a) R1 = H, Rz 

Rz = CzH5; (d) R1 = R? = CH,) 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 (XT'I) in about 5% 
yield. Under the influence of the boron trifluoride 
catalyst, the water generated in the preparation of 
had evidently hydrolyzed some of the nitrile to amide 

= COCH,; (b) R1 = H, Rz = CZHb; (c) R1 = CHa, 

CONHz 

C 0°C HP 

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

With XVII in hand, the possibility arose of syiithe- 
sizing the triarylpropionsmide XVIII,  which we had 
not been able to obtain by hydrolyzing TI1 (v ide  supra). 
Although amides in which the nitrogen is not disub- 
stituted are known to undergo S-alkylation in pref- 
erence to alkylation on the a-carbon, the possibility 
existed that the two aryl functions in XT'II 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 XYII with sodamide and p-chlorobenzyl 
chloride in toluene gave the amide XIX, the quaternary 
salt of XIX, and some starting material. Sone of the 
desired amide (XT'III) n-as detected. Efforts were 
then made to utilize the versatile diaiiioii 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 gray color characteristic of 
the amide monoanion. However, neither C- nor K- 
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 T'II. 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 <0.005-0.01~o in 

XVI. Conversion of XVI to XVII could be effected (7) R. B. Meyer and C. R. Haueer, J .  Ow.  Chcm., 26, 3686 (lQ61). 



the diet.q Among the most active compounds werc 
VII ,  XXT, XXII ,  XXIII ,  and XXIT'. By the same 
assay method triparaiiol has borderliiic ac. tivity ai 
0.0170 and definite activity at  0.02yc in the diet. Gis-cii 
subcutaneously, the compounds were generally actiye 
a t  1 or 3 mg./rat/day dose levels, although thcy did not 
appear as effective as triparanol in this test.9 

The propanol (XII1)was active only a t  5 mg./rat 'day, 
s.c., and orally a t  O . l O ~ ,  in the diet. The necessity of 
the amine side chain for pharniacologic activity was 
demonstrated by the fact that ethers XT'a and XVb and 
the corresponding phenol, 2- (p-hydroxyphenyl) -2- ( p -  
tolyl)-3-(p-chlorophenyl)propioriitrile1 did not possess 
any detectable activity. Varying the amino side chaiii 
t o  a ydimethylamino-n-propyl or p-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 hypocholeeterole- 
rnic activity. This homolog of the 2,,2.3-triarylpro- 
pionitriles was orally active o i i l y  a t  0 .015  in the diet. 

XXXIII 

Interestingly, only serum cholesterol levels were re- 
duced a t  doses as high as 0.10%. S o  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 ot'her two substituents on the 
asterisked carbon (e.g., XXXIV may represent coni- 
pounds VI, VII, IX, XII, XVII, XIX, etc.) the location 
of the n.m.r. peaks assigned to  the protons on Cl-Cs 
remained nearly constant. Structure XXXIV showed 
a triplet centered a t  3.99 =t 0.03 p.p.ni. (Cl), a triplet 

( C H 3 C H 2 ) 2 N I C H & H d l e  4 0 :H3 

centeredat 2.82 f 0.03 p.p.m. (Cz), a quartet centered a t  
2.62 0.03 p.p.m. (Ca), a singlet a t  2.30 * 0.03 p.p.ni. 
(CJ, and a triplet centered a t  1.06 k 0.01 p.p.m. ( (26).  

h proton on C* of structure XXXIV exhibited a singlet 
located a t  4.79 f 0.01 p.p.m. when XXXIV represents 
XVII or X I X  and a t  5.00 p.p.m. in XXXV. Other 
n.m.r. peaks exhibited by XXXV were as follows: a 
multiplet centered a t  about 4.5 p.p.m. (CI), a doublet 
centered a t  about 2.36 p.p.m. (CZ)! a singlet a t  2.33 

6 3  2 1  

XXXIV 

(8) Screening for oral activity in hyperchlolesterolemic rats was carried 
(,ut according to the method of R. G. Herrmann, C. C. Lee. and R. Parker, 
A?ch. Intern. Pharnacodyn., 133, 282 (1981). 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 a hypocholesterolemic agent since there might be lesser likelihood 
of disturbing normal adrenal function. No da ta  are available on the sensi- 
tivity of this assay method t o  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 
subcutaneous route was carried out on normocholesterolemic, neanling male 
rats on a normal diet. The  rats were injected with a 1 or 3 mg. daily dose 
for 12 days. A blood sample was withdrawn a t  the time of sacrifice and the 
seruni analyzed for cholesterol content. KO tissue analyses were made. 
Since the rats averaged about 100 g. in weight during the course of the test, 
the dosage da ta  can be converted to  a mg./kg. basis b y  multiplying the dose 
times 10. A S.C. 

3 mg./rat dose equals 30 mg./kg., and a n  oral 0.05% dose equals approxi- 
llintely 3G rug./kg. as  estimated by measurement of food consumption. 

Dose levels in the 2 tests can be roughly interrelated. 

( < \  

XXX\' 

p.p.ni. (CJ! a singlet a t  2.27 p.p.m. (CJ, and a doublet 
centered a t  1.23 p.p.m. ( C 5 ) ,  Since the single proton 
multiplet (C,) was a t  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 T' with 2-dirnethylamino- 
propyl chloride (see Experimental). Despite excelleii t 
yields oi noncrystalliiic sriiirioiiitrile hydrochloride oh- 
tained in this reaction, only 10-15% yields of crystallinc 
XYXT' were isolated. The bulk of the material could 
not be further purified i l l  our hands. Compound 
XXXY should be formcd in significantly lesser yield 
than XXXVI from the intermediate unsymmetricaal 
iminiuni ion. Since both SSXT' and XXXVI contaiii 
two asymmetric centers, the reaction product should 
contain 4 racemic compounds. TITe have evidently SUC- 
ceeded in crystallizing the hydrochloride of only one of 
these 3 compound-. 

XXXVI 

Experimental lo 

p-Benzoyloxyphenyl-p-tolylacetonitrile (V).-This compound 
was obtained in 65 -70% yields from p-benzoyloxybenzaldehyde 
(IV), toluene, boron trifluoride, and hydrocyanic acid according 
to  the general procedure of Mills.4 The product crystallized 
from etganol, m.b. 1 1 ~ - 1 1 9 ~ .  

ilnal. Calcd. for C*sHi?NO,: C. 80.71: H. 5.23: X. 4.2'3. , ,  I ,  

Found: C, 80.56; H, 5a4;- N, 4.19.' 
p-Chlorobenzyloxyphenyl-p-tolylacetonitrile (XIVa).-To 5.73 

g. (147 mmoles) of freshly prepared sodamide suspended in 400 
ml. of dry toluene Tvas added 43.8 g. (134 mmoles) of the diaryl- 
acetonitrile (V). After heating the mixture 1.5 hr. a t  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 a t  60°, it  was brought 
to reflux for 1 hr., then cooled and washed successively with 10% 
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. Calcd. for C22H18ClNO: C, 75.96; H, 5.22; K, 4.03; 
C1, 10.19. Found: C,75.71; H,5.58; N,3.89; C1,9.96. 

2- (p-Chlorobenzyloxyphenyl)-2-p-tolyl-3-p-chlorophe~ylpro- 
pionitrile (XVa).-Compound XIVa was retreated in the same 
manner with p-chlorobenzvl chloride and sodamide to furnish 
XVa, m.p. 107~109", in 60% yield. 

Anal. Calcd. for C29H2ZC12NO: C. 73.73: H. 4.90: C1. 15.01 : 
K, 2.96. Found: C, 73.69; H, 4.83;'C1, 15.10; S, 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 extract.ed 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- 
-___ 

(10) All melting points are corrected. Ultraviolet, infrared, and n.ru.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 i n  the molecule. The  
1i.m.r. spectra integrated correctly for the number of hydrogens in the as- 
siplied structures. 
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petroleum ether gave 14.5 g. (78%) of XIVb, m.p. 122-124". 
Anal. Calcd. for C22HlsYO: C, 84.31; H, 6.11; N, 4.47. 

Found: C, 84.53; H,6.27; N,4.39. 
p-(p-Diethylaminoethoxyphenyd)-p-tolylacetoRitrile Hydro- 

chloride (VI .HCI).--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. I n  the meantime, 
17.2 g. (100 mmoles) of p-diethylaminoethyl chloride hydrochlo- 
ride was converted to  the free base in the usual manner. The 
ethereal solution of the free base wa8 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 10% 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 decanhed from the hydro- 
chloride gum gave 10.17 g. of ethyl benzoate. The gum was 
digested with ethyl acetate to give crystals melting a t  114-118", 
26.42 g. (92y0); pK. 5.78; mol. wt., calcd.: 359, found: 354. 

Anal. Calcd. for C Z ~ H ~ & ~ ~ Z O . H C ~ :  C, 70.27; H, 7.58; c1, 
9.88; N, 7.81. Found: C, 70.18; H, 7.83; C1, 9.71; S,  7.91. 

2- [ p -  (6-Diethylaminoethoxy)phenyl] -2-(p-tolyl)-3- (p-chloro- 
pheny1)propionitrile Hydrochloride (VI1 . HCI).-VI1 was pre- 
pared by the same procedure described for the pceparation of 
XIVa 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 mmoles) of 
pchlorobenzyl 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 from acetone-hex- 
ane, m.p. 141-143"; yie'ld, 25.90 g. (92.5%). An analytical 
sample melted a t  142-145'. 

Anal. Calcd. for C2gH21CINO: C, 79.53; H, 5.52; C1, 8.10; 
X, 3.20. Found: C, 79.57; H, 5.63; C1, 7.84; N, 2.94. 

Analogs of VII, which were prepared in a liquid ammonia 
solvent by a procedure identical with that described for XVb, are 
denoted in Table 1 by 'n'. The starting material for these com- 
pounds was, of course, VI rather than XIT'b, and being amines 
they were usually purified as their salts. 

2- [ p -  (p-Diethylaminoethoxy)phenyl] -2- ( p -  tolyl) -3- (p-chloro- 
pheny1)propylamine Dihydrochloride (VIII.ZHCl).-Lithium 
aluminum hydride reduction of 4.48 g. of nitrile VI1 in refluxing 
ether gave the diamine VIII, ahich was converted to the di- 
hydrochloride (4.71 g.), n1.p. 1>3-165', pK, 7.2-5 and 8.30. 

Anal. Calcd. for CZ~&CIS20.2HCl: C, 64.18; H, 7.12; C1, 
20.30; S, 5.35; mol. wt., 524. Found: C, 64.03; H, 7.29; C1, 
20.71; X, 5.19; mol. wt., 540. 

N-Acetyl-VI11 Dihydrochloride (IX, RI = H, RZ = coc&).- 
Compound VI11 T V ~  dissolved in acetic anhydride and warmed 
on the steam bath for 3 hr. The acetic anhydride was then re- 
moved in 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 (94% yield). Unexpectedly the 
salt proved to be a dihydrochloride, m.p. 134-138"; pK, 8.15; 
mol. wt., calcd.: 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 in DUCUO a t  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 
a t  room temperature. 

Anal. Calcd. for C30H3,ClS,0Z.2HC1: C, 63.66; H, 6.95; 
C1, 18.79; K ,  4.95. Found: C, G3.78; H ,  7.17; C1, 17.29; ?jj 4.70. 

N-Ethyl-2- [p- (  p-diethylaminoethoxy)phenyl] -2- (p-tolyl) -3- 
(p-chloropheny1)propylamine (IX, R1 = H, RP = C2Hi).-At- 
tempted reduction of the N-acetyl compound (IX, RI = H, & = 
COCH3) 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. Calcd. for CaoHsgClS~0: mol. wt., 479. Found: mol. 
wt., 472. 

N-Methyl-N-ethyl-2- [ p -  (p-diethylaminoethoxy)phenyl] -2- 
(p-tolyl)-3-(p-chlorophenyl)propylamine Dihydrochloride (IX, 
Rl = CHI, RZ = C2H5.2HCI).-To 1.39 g. of the N-ethyl com- 
pound (IX, RI = H, & = CZHJ was added 5 ml. of 98-100% 
formic acid and 5 ml. of 37% formaldehyde. After refluxing for 
G hr., the solution was diluted with ether and washed with 570 
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 44.57, yield from ethyl acetate melted 
a t  193-198" C., pK,' 6.7 and 8.1. 

Anal. Calcd. for C31H41ClNZO: mol. wt., 565. Found: 
mol. wt., 568. 

The n.m.r. spectrum of the product showed, in addition to the 
peaks discussed for partial structure XXXIV, singlets located a t  
3.05 p,p,m. (c,) (see X x x l r I I ) ,  2.80 p.p.m. (c,), and a t  1.78 

-LCH2fJ l 6  - 

XXXVII 

p.p.m. (Cg),  a quartet centered a t  2.14 p.p.m. (C& and a triplet 
centered a t  0.86 p.p.m. (GO). 

N,N-Dimethyl-Z- [ p -  (p-diethylaminoethoxy)phenyl] -2- (p-tolyl) - 
3- (p-chloropheny1)propylamine Dihydrochloride (IX, Rl = RZ = 
CH3.2HCI).-In the same manner as described above the primary 
amine (VIII) was converted t'o the dimethyl compound (IX, RI  
= R2 = CH3) with formic acid and formaldehyde and purified as 
the dihydrochloride, (48.57, yield) m.p. 205-225' dec. (methanol- 
ethyl acetate-ether), pK, 6.45 and 7.75. 

Calcd. for C ~ ~ H , ~ C I S Z O . ~ H C I :  C, 65.27; H, 7.49; ionic 
C1, 12.85; X, 5.08; mol. wt., 552. Found: C, 65.89; H, 7.58; 
ionic C1, 12.79; S, 4.85; mol. wt., 582. 

2- [ p -  (p-Diethylaminoethoxy)phenyl] -2- (p-tolyl) -3- (p-chloro- 
pheny1)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 K-chlorosuccinimide in 200 ml. of methylene 
chloride was allowed to stand 0.5 hr. a t  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 uacuo a t  
room temperature or below, leaving an oil which showed S-H 
absorption in the infrared region a t  3.04 p compared to the 2.94 
fi peak of the start'ing amine. 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 SUI- 
furic acid and stirred a few hr. a t  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 i n  
mcuo,  left 3.56 g. of oil wit,h infrared peaks a t  3.65 p and  5.80 p 
indicative of the aldehyde grouping. 

The 3.56 g. of crude aldehyde ( X I )  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 a t  109-110". A 
third recrystallization gave an analytical sample of XIII ,  m.p. 
111-112". 

Anal. Calcd. for CP8H3.1ClSO~: C, 74.40; H, 7.58; C1, 7.84; 
N, 3.10. Found: C, 74.67; H ,  7.65; C1, 7.96; S, 2.99. 

A sample of the aldehyde XI1 from another preparative run was 
purified for pharmacological testing. Since neither the free base nor 
its hydrochloride was crystalline, the compound was purified by 

Anal. 



~~hroinatograpliy OII alurnina. -4 colorless oil was obtained, A,,,,, 
276 (2710): pk', 8. mol. wt., calcd.: 449, found: 453. 
In addit,ion t o  the n I'. peaks located as discussed for partiitl 
structure XSSIS' ,  tlie aldehyde XI1 gave singlets a 
( the  (2-3 met,hylene t)e:iring t,lie p-ehloroplienylj and 
( c pr( ) ). 

2- (pHydroxyphenyl)-2- (p-tolyl)-3- (pchloropheny1)propio- 
nitrile (Ether Cleavage of XVb).-Seven grams of S V b  in 200 nil. 
of acetic acid and 150 nil. of 470;, hydrobromic acid was refluxed 
for 2 hr. Epon cooling t,he reaction mixture. a solid forriied whirh 
w a y  filtered UII :i I3iic.hner and washed with water. \':icuuni dr!-- 
ing in a desiccator gave 6.0 g. of an oily solid, n1.p. 143-146'. 
Three recrystallizations from ethyl acetate--hexane raised the  n1.p. 
to 15:3--l.56° (77.7'5, yield), pk', 11.9. 

X, 4.03; mol. wt., 34s. Found: C', 76.17: H. 3 .  
x, 3.7s; mol. wt., 354. 

. - ~ I L u I .  C d d .  for CuHixCISO: C!, 73.!)6; H, 3.22:  (21, 10.19~ 

2-[/~-(@-Diethylaminoethoxyjphenyl] -2-(pchlorobenzyl)-3-(1,- 
chloropheny1)propionitrile Hydrochloride (XXXIII.HCI).~--- 

-2- (p-chloroheiizyl) -3-  (p-chlorophenyl J -  

ved to the  phenol in the same manner :i,s 

VI,. The c m d e  prodl lc t  melted a t  105- 
129" :mtl its ultr:tviolet, spect run1 s l i r ~ ~ ~ e t t  tlie shift espwted of :I 
phi~i iol  upon itdditiun of ulkali. 

T h e  ?onversion of 3.00 g. of the pheriol to i3.02 g. of amino ether 
Iiydrrichloridc I S X S I I I .  HC'I) i d  iiut :IS riwirdf:tl fi ir  

V I '  I%C:I :ltJCiV?, l l l , ] l .  Ih4--187". p 

(,'I, 1:).5!i: S: 5.30;  I i l l J l .  wt.. 51s. Found: (;, 
CI, 20.54; 1, 5.41; mol. wt., 517. 

pBenzoyloxypheny1-p-tolylacetamide (XVI).--I)uring the 
\rork-up of :L mole-scale prepnrat>ion uf V the mother liquors \vert' 
tlissolved in  hot Imizeno in preparat,iori for chromatograph?. 
I,-pon c*cmling tho benzt to room teniperature. crystals of ST'I 

Jield. The iii:Lteri:il was rrystallizecl 
f r o i n  ct11:rnol. 1 i i . p .  1 -i'ix'. infr:irc.ti: 2.94 p anrl ~ 1 4  p 

.1 I i c t i .  C::tli:d. fiir (*~211 ,9K0, j :  ( ' ,  76.30; H, 3.34: S ,  -1.U(i. 
b'ound: C:, 76.40: I€ .  5.65: S, 4.12. 

/J-(P-Diethylaminoethoxy)phenyl-iJ-tolylacetamide (XVII) [a I. 
--A suspension of 1.8 g. ( 5  ninioles) of VI.HC1 in 15 nil. of conctl. 
tiytlrochloric: arid \\-:E stirred anti heated to 50". Solution t o o k  
p1;tc.e in 5-10 rnin.. but the reiic%iori TI-:I,S maintained a t  50" for 2 
Iir. The solution wts theii rooled, ic.e added, and t,he iiiixture 
niacle basic with scidiuni Iiydroside. .1fter extraction with ether - 

ctilorofornr (3  : 1 )) t,he c.str:icts were washed with mt.er,  dried 
over siidiiuii sulf:ttc, and i~~ncitntruteti  i r i  ruc ( /o  t i i  1.7 g. of senii- 

lowish prudurt . ('ryst:illization f rom acrtone -petroleuni 
ve m,p. 121-12:3a: one rrrrystallization raised this t,o 
', Yields in this re:icticin wrrc in tlie range of 6O-7~jf . 

'Pliis iii:iteri:il was iderit,ical in :tll respects with the product (tic,- 
scribed in 1,) obtained froni t,tie rcw'tion of tlietliyl~niin~~r:tIiyl 
c,hloride witti thr amide S \ - I  ol,t:Liriwl iis ii Iiy-prod1il*t in t l i t '  

(-C"0.Vff2) :md 6.04 p ( - - -~VSH2~.  

I I  

itientiral wittt tha t  described for ttw preptiration or i-I. 
:iniidcs (XYVTI) iiielted at 128-129O (from 1iw:ine). pk',' S . 6 .  
ii.ni.r. spect,riini was consistent, u.it,li  t l i c  striicture :issignctl. 

acet- 
The. 

.IMJl. C'alcd. f l J r  (; 
1 i i i i 1 .  wt ... 341. Found 
;342, 

K- I(p-C'hlorobenzyl)-p- ~~-diethylaminoethoxy)phenyl-p-tolyl- 
acetamide (X1Xi.---Treatment of t,he primary amide XVII wit,li 
r1~1:tniidti :ind ~i-c~tili~r~ibenz~-l chloride in tohiene :ts described for 

ep:tr:tticiri i i f  SIT'a gave the K-substituted :riiiitlc XIS i r i  

yield. 111.1). 0 2 -  ! ) Y o :  pR,' s . tS :  mol. w t , ,  mlid.: ~i:, 
.XU Infriirc!tl: 2.92 p (XH),  ti.0 p :in11 ti.(i1 ,p 

I r i  :iddition t o  the. 11.111.1'. peaks discussed wit,h r e g d  t 0  piirti:il 
st,ruvi lire XXXIV, X I S  exhibits a doublet. c.ent,ered a t  4.30 p.p.ni. 

l ip  iiictliylrnc~ of t,he p-chlorobenzyl group split) t iy  t h e  i i i i i i i l ( b  

€1 J. 
~~-~~-Dimethylaminoisopropoxy~phenyl-p- tolylacetonitrile Hy- 

drochloride (XXXV. HC11.--The method of preparat,icm wits idrrit i -  
i r d  t o  th:Lt desi.rihed For YI.HCI except) tha t  2-diiiiethylarnirrl)~ 
p r o p j ~ l  c~liioritl(~ rws used in place of diet,hyvlaminciet~liyl cliliiridr. 
'1'111~ resulthg Ii~~drtic~hl~iritic nie1t.d :it 105-20'7° (frcirri (,t Iiyl 

I -  -I 'f)SH-- - I .  

S . 1 2 :  i i i r i l .  Tvt.. :<-I$. F ~ u n d :  <'. 6!1.54: I-€, 7.2!): S, x.03:  iiiiil. 
\r.t.. *34.5. 

2-  111- (8-Dimethylaminoisopropoxy)phenyl] -2- (7)-tolyl 1-3- i 1'- 
ch1orophenyl)propionitrile Hydrochloride.-The t,itle cornpi~uiitl 
\v:t!: prepared i n  79.5%, yield from p-(P-dimethylairiintjisr,p"'- 
~~c~s~-jphenyl-~~-t~iIylai~etor~i t r i le  (XSXV) by alkylation in liquid 
:tninionia as des(-ribed for t,he preparation of XVh. 
tlie hydrochloride ( f rom ethyl :tc:etate-ether) melted :ti. l!j5 -205".  

Cr 

pK:,' 7.70,  
. I  n o / .  ( ' a l c d .  f(ir  C:?;Ii&IN20. HCI: ('> 6 

C ~ l ,  13.1 1 : S! 5.97; iiiol. wt.. 470. Found: C y ,  
C'l, 1.5.46: S,  5.73: 1n01. wt,., 484. 

2- I p- i-pDimethylaminopropoxy)phenyl] -2- (,p-tolylJ-3- (p-chlo- 
ropheny1)propionitrile Oxalate.-This amino side-chain homolog 
of VI1 ~ : t s  prcJpared fronr Z-(p-hydrorvphenyll-Z-(p-tolyl)-3- 
~ l~-~~l i l i~r~~pl ien~. ] ipropioni t r i le  tiy trea triient with sodium ethoxide 
and : -(iinic,th!-i:imintrpr(ipy1 c,hloride. h e  to the use of the I c w  

rniinii rhloride. tlie mixture WRS allowed to reflux over- 
night. irJ. The protliict, wis purified :is thc: oxa1at.e (57.4', 

1-1, 3,!i7: 
N, 5.2 I ;  
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