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Some Hypocholesteremic 2,3-diphenyl acrylonitrile^^ 
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The diethylaminoethyl ethers of 4-stilbenol, stilbesterol, hexestrol, and estradiol have been shown to be hypo- 
cliolesteremic by inhibiting the reduction of desmosterol to cholesterol. Extensive series of dialkylaminoalkoxy 
derivatives of stilbene, 2,3-diphenylacrylonitrile, and 2,3-dipheny1-2-pentenenitrile have been made and their 
hypocholesteremic activity has been determined; members of the last class with trans stereochemistry are par- 
ticularly potent agents. 

Structure-Activity.-The chemical modification of 
estrogens to produce compounds that maintain the 
hypocholesteremic activity of estrogens, but lack 
feminizing properties, has been the goal of a number of 
workers. A particularly interesting discovery was 
that triparaiiol (1),2 which is superficially structurally 
related to the triphenylethylene estrogens, is not oiily 
not estrogenic but is hypoch~lesteremic~ by a mech- 
anism not shown by estrogen~,~a that of inhibiting the 
reduction of desmosterol to cho1esterol.j Furthermore, 
since the desmosterol thus produced does not counter- 
balance the diminished production of cholesterol, 
there is a net lowering of sterol. It was thus of in- 
terest to determine the structural features responsible 
for this activity and to seek other compounds exhibit- 
ing this property. 

Triparanol differs from the recognized class of 
estrogenic triphenylethylenes by the inclusion of a 
diethylamiiioethoxy substituent and by being hydrated 
at the central bond. It seemed most likely that the 
basic ether function was responsible for conferring the 
new biochemical activity, and consistent with this was 
our demonstration that neither the phenol 2 nor the 
methyl ether 3 corresponding to triparaiiol was sig- 
nificantly active (Table I). Hypocholesteremic activity 

Coinpound 
no. 

1 
2 
3 
4 
5 

"See text. 

TABLE I 

Dose, 
mg./kg./day Route 

40 Oral 
40 Oral 
70 Subcutaneous 
i 0  Subcutaneous 
70 Subcutaneous 

Hypocholes- 
teremic 

activitya 

56 
0 

13 
50 
57 

was det'ermined in groups of six Charles River rats 
weighing initially 140-150 g., by administration of the 
t'est compound for G days and then assaying their 
apparent plasma cholesterol by application of the 
1,iebermaiiri-RurchaI.d color reaction.6 

( 1 )  Presented a t  the 143i-d National Meeting of the hnierican Chemical 

( 2 )  F. P. Palopoli, Proar .  Cardiooasrirlar Disease.  2, 489 (1YGO).  
(3 ,  T. R.  Hlohm. T. Karyia, 11. W. Laughlin, and F. 1'. Palopoli, k'edpra- 

(41 (a) S. K. Figdor and R. Pinson, of these laboratories, private com- 
(b j  5.  K. Figdor, E. C. Schreiber, R. B. Stebbins, P. F. Moore, 

( 5 )  J. .\vigan, D. Steinbern, hI. J. Thoinpson, and  E. Nosett ip,  Proyr .  

(6) J. J. C , r r  and  I. J. Drekter, Clin.  Chem., 2, 353 (195ti). 

Society in Atlsntic City, N. J., Sept. 9-14, 1962. 

+ion P-or., 18, 369 (1959). 

munication; 
and R. Pinson. J .  J l ed .  Chem., 7 ,  508 (1964). 

Curdiouascvlar Diseases, 2 ,  525 (1900). 

311 

Hypocholesteremic activity was found in the two 
simpler compounds 4 and 5 .  It had been confirmed 
in these laboratorie~~b that livers of rats treated with 
triparanol had a normal total sterol concentration, 
but that part of the cholesterol had been replaced by 
desmosterol, and that, in contrast, rats treated with 
high doses of estrogens had an elevated sterol concen- 
tration, but that the sterol was essentially pure choles- 
terol. Examination of the livers of animals treated 
with 4 and 5 showed that 4 induced estrogen-like 
changes, while 5 induced the formation of desmosterol. 

1, R = CH2CHZNEtZ 
2 , R  = H 

d' 
4 , R = H  
5, R = CH2CHgSEty 

3, R = CH, 

Schmahl' has reported that 4 is estrogenic. Here, 
then, was a case of a phenolic estrogen becoming an 
inhibitor of cholesterol biosynthesis on etherification 
with a diethylaminoethyl group. That this might be 
a more general phenomenon was demonstrated by the 
preparation of the diethylaniinoethyl ethers of estra- 
diol (6), stilbestrol (7), and hexestrol (S), all of which 
were hypocholesteremic (Table 11) by inhibiting the re- 
duction of desmosterol. Our sample of 6 was about 
l/5000 as estrogenic as estradiols; this could be a true 
value or represent estradiol as an impurity to the extent 
of one part in five thousand. Recently, the hypocholes- 
teremic activity of the hexestrol bisether 8 in man has 
been reported9 and its mode of action confirnied.1° 
That the dialkylaminoethoxy group confers the property 
of inhibiting the reduction of desmosterol not only on 
phenolic estrogeiis, as we have shown, but also n hen 
present in at least one androgen is reported for $3- 
(2-diet hylaminoethoxy) aiidrost-5-en- 1 7-one10 and its 
dimethyl analog." 

Following the finding of activity in A-diethylamino- 
ethoxystilbene (51, a series of basic ethers of stilbenol 
were prepared, but none appeared to be more active 

(7)  D Schmahl. Arznczmzttel-Forscli , 7 ,  211 (1957). 
(8) The  authors thank Dr. J. G. Llaurado, of these laboratories, for th l a  

determination, using the  niethod of E. B. Astnood, Endocrznology, 23, 25 
(1938). 

(9) G. Annoni and A Longaretti, M e d .  W e l l ,  1945 (1961). 
( IO) R A Phillips and 3. Avigan. Proc. Soc. E z p t l .  Bzol. X e d ,  112, 233 

(11) S Lordon, E W Cantrall. W P. Ceklenmb. H J 4lbers, R. Littell, 
(1963). 

and h Bernstein BioLhem Biophys R e s  Commun., 6, 359 (1961). 



tllall 5 (l'able 111). The act1\ l t lC5 oi 11 rtlld 12 could 
iiot h r  a ed due to ailonlalous I,iet)ei.maiiii-I3ur~li- 
a i d  coloi s :  hower-er, examiiiatioii of the lir ei-s of rat. 
t i  rttd with the compounds i i i  Table I11 shonetl that 
all of th I coInpmiids, except 13. iiihihitd t h -  reductioii 
ol (ICs1nostcro1 to cliolesterol 4 111 exteiisive serirs ot 
'L,.~-diplit~iiylacr~loi~itriles uas prepared after it w a y  
foul id that 2- [ p -  (2-dietl~ylarniiioethoxy)pliciiyl]-~~-p1ie~i- 
vlaci~glonitide (14) was nioi(> poteiit tliaii t l ic ( 2 0 1 -  
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c>tticis i'uiictioiis aiid it also iiidicateh that oiily attach- 
nieitt oi this group at the I-positioii i\ roiisisteiit with 
ma1 ked activity 

Table 1- lists the activities of a variety of additionally 
siihstitiited diphei~ylacrylouitr'ile~. Of the initial pro- 
totypzls, 31 aiid 41, having diniethylamiiio aiid methyl- 
th in  iut)stituriit-, rwpectively, sIio\\-~d riihaiictd 

tciiiatir niodificatioii of t h w  fiuiction- 
poteiit comporuitl iii this scrirs. \\ Iiirli 
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that thih moiety n as iiicoinpatible with activity in the. 
ktilheii~l s"ries (13), at least in the dose range used. 

l 'hc final i t iwtural  \.ariatioil examined was the effect 
0 1  :iii additioiial alkyl suhstitueiit o i l  the stilbeiie bond, 
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was found to be more convenient and was used to 
provide samples of p-aminophenylacetonitrile, the 
demethylation of practical grade p-methoxyphenyl- 
acetonitrile by pyridine hydrochloride was found to be 
a superior method of preparing p-hydroxyphenylaceto- 
nitrile. Indeed, pyridine hydrochloride demethyla- 
tion of phenolic methyl ethers was used extensively in 
this work because of the convenience and high yield. 
The relatively mild conditions employed by Buu-Hoi, l2  

et al. , were very suitable provided relatively anhydrous 
reagent was used and this was readily achieved by 
distillation. The preparation of other benzaldehydes 
and phenylacetonitriles requires no comment beyond 
that which appears in the Experimental section. 

The compounds in our most active series (Table 
VII) , which are derivatives of 2,3-diphenyl-2-pentene- 
nitrile, were prepared by a three-stage sequence be- 
ginning with a condensation of a phenylacetonitrile 
with a propiophenone, a t  least one of which bore a 
4-methoxy group. Rorig13 has described the use of 
either sodamide in toluene or xylene or sodium meth- 
oxide in methanol to effect this condensation and we 
routinely used the former conditions. The use of 
sodium hydride in dimethylformamide was equally 
acceptable,I4 but did not improve the yield. On a 
large scale (20 moles) the most convenient procedure 
employed sodium methoxide also in dimethylform- 
amide.l4 

The yield of these condensations was never high 
(maximum 50%), and in the one case studied, the 
preparation of 2-phenyl-3-(p-hydroxyphenyl)-2-pen- 
tenenitrile, the product was a 1 : 1 mixture of cis and 
trans isomers. Rorig'3 has described the isolation of 
the solid trans isomer of 2,3-diphenyl-2-pentenenitrile 
and of an oil which mas largely the cis isomer. The 
stereochemistry was established by demonstrating 
that only the solid isomer could be cyclized to an 
indanone. 

I n  the present work no attempt was made to sepa- 
rate the isomeric phenolic methyl ethers obtained from 
initial condensations, though fortuitously, pure trans- 
2- (p-chlorophenyl)-3- (p-methoxyphenyl)-2-pe n t e ne n i- 
trile was isolated. Instead, the crude mixtures were 
demethylated with pyridine hydrochloride, and 
the isomeric phenols were isolated. I n  general, the 
trans isomer was obtained by crystallization of the 
mixed isomers and the cis isomer was isolated by 
chromatography on Florisil of the material obtained 
by the concentration of the mother liquors. This 
procedure was unnecessary in the case of cis- and trans- 
3-(p-hydroxyphenyl)-2-(p-chlorophenyl)-2-peii teneni- 
trile, for the isomers were completely separated by 
crystallization of a mixture that had been partially 
purified so as to contain only the two required 
materials. 

To obtain standards for quantitative chromatog- 
raphy, cis- and trans-3-(p-methoxyphenyl)-2-phenyl-2- 
pentenenitrile were prepared by methylation of the 
corresponding phenols. The properties of the trans 
isomer correspond to those reported by Rorig. l 3  

Our stereochemical assignments rest largely upon 
ultraviolet absorption data, trans being assigned to  that  

(12) Ng. Ph. Buu-Hoi, Ng. Hoo n, and M. R. Kheniasi, J .  Chem. So?., 

(13) K. Rorip, J .  A m .  Chem. Son.. 78, 1290 (1951). 
(14) These improvementa were effected by Mr.  E. Bianco of these labora- 

tories. 

2307 (1951). 
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isomer of a pair having the greater extinction coefficient 
a t  the longest wave-length peak, even though cis 
isomer actually absorbs as a longer wave length in this 
area. This situation is also encountered in the case 
of a, a'-dialkyl~tilbenes.'~ The trans isomers also 
had the higher melting points; indeed, in one case 
partial thermal conversion of the lower melting cis 
isomer to the higher trans isomer was encountered 
[cis-2-pheiiyl-3-(p-hydroxypheiiyl)-2-pe 11 t e ne n i t  rile 1. 
The trans isonier of any pair was also less soluble 
than the cis and more polar on paper and column 
chromatography. 

During the course of the work the hydrolysis of some 
2,3-diphenyl-2-pentenenitriles was investigated briefly. 
In addition to the normal hydrolysis of the nitrile group 
to the corresponding acid, there were obtained prod- 
ucts corresponding to a reversal of the condensation 
by which the nitriles were synthesized. Thus, from 
the hydrolysis of a mixture of cis- and trans-2-phenyl- 
3-(p-hydroxyphenyl)-2-pentenenitrile some 4-hydroxy- 
propiophenone was obtained and the trans isomer of 
the corresponding diethylaminoethyl ether yielded 
some phenylacetic acid. 

Experimental 
Unless otherwise st,ated all activities in Tables 11-VI1 are re- 

ported for 40 mg./kg. of agent, orally. Recrystallization sol- 
vents used were: A, methanol; B, ethanol; C, isopropanol; D, 
water; E, acetone; F, 2-butanone; G, ethyl acetate; H, ether: 
I, met,hylene chloride; J, chloroform; K, petroleum ether (b.p. 
40-60"); L, hexane. Melting points were determined on a 
Thomas-Hoover capillary melting point apparatus and ultraviolet 
absorption spectra were determined in ethanol. 

l-(p-Chlorophenyl)-2-( p-hydroxyphenyl)-2-ptolylethanol 
(%).-Treatment of the Grignard reagent from p-chlorobenzyl 
chloride (32.2 g.) in ether (75 nil.) with 4-hydroxy-4'-methyl- 
benzophenone (10.6 g.) suspended in benzene (300 ml.), gave on 
working up a yellow oil which was dissolved in benzene (75 ml.). 
The slon- addition of petroleum ether (b.p. 40-60", 200 ml.) 
precipitated the crude product (10.18 9.) m.p. 128-130°, which 
was recrystallized twice from hexane-acetone ( 5 :  1) to give 5.32 g. 
of product, m.p. 127-128". Chromatography on Florisil gave 
a total of 3.71 g. of homogeneous material on elution with 
methylene chloride. Recryst'allization from hexane-acetone 
gave 2.53 g. of crystalline material, m.p. 153-154.5'. 

Anal. Calcd. for C2iH&102: C, 74.44; H, 5.66; C1, 10.47. 
Found: C, 74.32; H,5.64; C1, 10.35. 

1 -( p-Chlorophenyl)-2-( p-methoxyphenyl)-2-p-tolylethanol 
(3).-4-i\Iethoxy-4'-met~hylbenzophenone (10.04 g. )  in beneene 
(25 m1.)-ether (25 ml.) was added to the Grignard reagent from 
p-chlorobenzyl chloride (6.44 e . )  in ether. Conventional work- 
up gave 14.75 g. of a yellow oil that crystallized on standing, 
but which could not be successfully recrystallized. Concentra- 
tion of a hexane solution gave 3.87 g. of a crystalline product, 
m.p. 88-91", An analytical sample \\-as recrystallized from 
aqueous ethanol and had m.p. 100-103.5". 

Anal. Calcd. for C2,H,,C102: C, 74.88; H, 6.00; C1, 10.05. 
Found: C, 75.52;  H, 6.07; C1, 1052. 

General Preparation of Dialkylaminoalkyl Ethers of 4- 
Stilbenol. Alkylation Procedure A.-4Stilbenol (0.05 mole) 
was added to a solution of sodium (0.05 g.-atom) in ethanol (25 
ml.), and toluene (50 nil.) n-as added. After 30 min. a solution 
of the dialkylaminoalkjvl chloride (liberated from 0.055 mole of 
its hydrochloride) in toluene (25 nil.) was added. After heating 
under reflux for 4 hr. half of the solvent was distilled, benzene 
(150 ml.) added, and the mixture extracted with 10% aqueous 
sodiuni hydroxide and u-ashed with water. The residue ob- 
tained on removal of solvent was recrystallized from ethanol 
to obtain products with the physical constants shown in Table 
111. The hydrochloride of 4-diethylaminoethoxystilbene ( 5 )  
was prepared by the addition of an ethyl acetate solution of hy- 

(1.5) 13. Suauki, Bull. Chem. SOC. Japan.,  !W, 145 (1952). 
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I I I Y I ~ P I I  i ~ l i i o r i d e  t i i  :L solnt ion o f  t i l e  basc in t h v  s:iitii! sillvcJnt, 
inid tlics wlt iv:is rec*rystallized froin methanol. 

4-j2-(4-E~thyl-1-piperazinyl)ethoxyjstilbene ( 1 3 ) . ~ ~  --4( %I { ro i i l ~~ -  
. l i l l x ~ i i c ~ .  111.1,. 132.5-135" (lit.lfi 128') ( 5 . 0  g,), l-cTthyl- 
I I P  (9.14 g. ). :irid eodiunr iodide (2.4 g.1 rvcre 1ic:itc~l to- 

gc.tlic>r i l l  rrfliising 2-Iiut:inone (50  ~ n l . )  fo r  7 hr. 'rhe solvctit, 
1v:is r c ~ r r i c i v c d .  :ind the residue wirnied with \v:Ltor. The in- 
siilii\)lv in:Ltrrial IV:LS c ~ i i ~ l e c ~ t e d  (6.6 g.), Rerryst:dhation froiii 
c(h:tnr~l (c.h:irc,o:tl) gave 2.50 p. of colorless crystals, m.p. 91- 
9 2 . 5 O .  

General Preparation of Dialkylaminoalkoxyphenylphenyl- 
acrylonitriles. -'Po c~c~iiirniil:tr 1i:irts (0.02 n i o l ~ ~ s )  of lhi. : i p  

l)ropri:it(, pI ie i iyl : tc ,c~t l~r i i~~i l~~ : i i i ( I  twnx:ildrhyttr dissolved i t i  rv- 
ilu\irig ni~:tli:uiol ( 3 0  i i i l . ) ,  sotliriiii rnet,hi)~idi~ (0.02 n i t r l c ~ )  i l l  

~ i i f ~ t h : t n i ~ ~  (10 20 1111.) \ v : ~ s  :tddcd. The tn:ijority <i f  the st~lverit 
\r:is rrnioved :iftrr 10.~20 inin., the residucb :idded to water, :mti 
t h  niisture :widified ~ i t h  G .V Jiydrochlorir wid .  Insoluhie 
Iiydrochlorides were filtered, and those compounds giving soluble 
Ii~~drc~c~hlorides were isolated by solvent extraction after basi- 
fication and their 1iydroc:hlorides made in ethyl acetate. The 
Iiydrorhlor~drs were crystallized with the solvents indicated in 
the tables. 

p( 2-Diethylaminoethoxy)phenylacetonitrile.-~~Iethosy- 
I)tieii?-lac.etcitiitrile (50 g., East,nian Kodak. practical grade) and 
freshly distilled pyridine hydrochloride (200 g,)  were heated 
toget,hrr under rrflus for 1 lir.:  the mixture xas cooled to about 
SOo :ind :itlded to i re  wi te r  (600 n i l .  ). Concentrated hydrochloric. 

i l 1 i 1  E. l lsssarani,  (i. Cavallini, 11. Xardi, and JT. Ferrari, l'nrmuco 

- -. 

[I'ibvis), E d .  Sei., l a ,  329 (1957) .  

s.--hlkvlntioii of s:i l i  
tlehyde (43.9 g.) wit,h diethylaminoethyl chloride by prorrd 
give 54.0 g. (AI (%) of o-(2-diethylaminoethoxy)ber1~~~I(~e~iy(l~~. I' 

h.p. 141-14i" (0.35-0.40 mm.), n 2 4 ~  1.5248. 
.Inal. Ca1i.d. for CuHlsSOo: C, 70.55; H, 8.6.5; S,  

Found: C, 70.17; H,8.66; S , 5 . 8 7 .  
hlkylation with a 30"; excess of alkylating agent of ~ti-liydrcisj - 

henzaldeliyde (50.0 g , )  hy proredure A gave in 61c: yield ) t i -  

ninoethoxy)t~eriz:tldehyde, b.p. 137-139" (0.1 ?, t r im.  ;. 
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Anal. Calcd. for Cl3HlgNOl: C, 70.55; H, 8.65; N, 6.33. 
Found: C, 70.32; H,8.62; N, 6.38. 
p-(2-Diethylaminoethoxy)benzaldehyde was obtained from 

Aldrich Chemical Co., Inc. 
p-(2-Bromoethoxy)phenylacetonitrile.-A solution of sodium 

hydroxide (11.84 g.) in water (96 ml.) was added during 2 hr. 
to a solution of p-hydroxyphenylacetonitrile (40.0 9.) and ethyl- 
ene bromide (111.2 g.) in ethanol (800 ml.) heated under reflux. 
Heating was continued a further hr., the ethanol removed in 
VUC?LO,  water (400 ml.) added, followed by 20% sodium hydroxide 
solution (50 ml.), and the product extracted into ether. The 
combined ethereal extracts were washed with brine, dried with 
XazS04, and concentrated to yield crystalline p-(2-bromoethoxy)- 
phenylacetonitrile (22 .5  g., 327,), m.p. 53-53.8". Material 
from a previous run, recrystallized from ether-petroleum ether 
(b.p. 40-60'), was analyzed: m.p. 5143.5".  

Anal. Calcd. for C I ~ H I ~ B ~ N O :  C, 50.02; H, 4.20; N, 5.84. 
Found: C, 50.20; H, 4.23; N, 6.08. 

p -  [2-( 4-Ethyl-1 -piperazinyl)ethoxy] phenylacetonitri1e.-The 
above halide (20.0 g.), I-ethylpiperazine (47.7 g.), and sodium 
iodide (12.1 g.) were heated together in refluxing 2-butanone 
(250 ml.) for 7 hr. The solvent was removed tn vacuo and the 
residue partitioned between water and ether. The combined 
ethereal extracts were washed with brine, dried with Na2S04, 
the solvent was evaporated, and the residue triturated with 
petroleum ether (b.p. 40-60") to give 15.0 g. (667,) of product, 
m.p. 33-34'. Crystallization from ether-petroleum ether (b.p. 
40-60") gave 10.0 g. of p-[2-(4-ethyl-l-piperazinyl)ethoxy]- 
phenylacetonitrile, m.p. 34-35". 

Anal. Calcd. for C ~ ~ H ~ ~ N S O :  C, 70.29; H,  8.48; N, 15.37. 
Found: C, 70.11; H,8.27; N, 15.64. 
p-(2-Piperidinoethoxy)benzaldehyde.-This compound was 

obtained from p-hydroxybenzaldehyde (12.2 g.) on alkylation 
with piperidinoethyl chloride (36.8 g., 1007, excess) using pro- 
redure A in yield (13.5 g.), b.p. 147-148' (0.05 mm.) 
[lit.1Sl5Oo (0.09 mm.)] ; X",tH 284 mp ( E 17,600). 

Anal. Calcd. for C I ~ H I ~ N O ~ :  C, 72.07; H, 8.21; N, 6.00. 
Found: C, 71.96: H, 8.32; N, 6.01. 

p-( 3-Dimethylamino-2-methy1propoxy)benzaldehyde 
was prepared analogously to the above ether in 94y0 yield, b.p. 
120-121" (0.1 mm.); 

Anal. Calcd. for C13HI9K02: C, 70.55; H, 8.65; N, 6.33. 
Found: C,69.95; H,8.67; E, 6.32. 

p-Trifluoromethylbenzaldehyde was kindly supplied by Dr. 
C. E. Maxwell of these laboratories, b.p. 60-67" (13 mm.), 1 2 2 9 ~  

1.4602 [lit.20 64.5' (13 mm.), n z 0 D  1.46303. 
p-Aminophenylacetonitrile was supplied by Dr. R. K. Drinkard 

of these laboratories, who prepared i t  by catalytic reduction of 
p-nitrophenylacetonitrile. 

p-Diethylaminoacetamidophenylacetonitrile.-Chloroacetyl 
chloride (6.4 g.) was added dropwise a t  room temperature to a 
solution of triethylamine (5.7 g.) and p-aminophenylacetonitrile 
(7.5 9.) in chloroform (100 ml,). After 15 min. water was added 
which mused csrystals (8.5 g.), m.p. 101-113", to separate. 
Rerrystallization from methanol (vharcoal) gave 5.6 g. of p- 
chloroacetamidophenylacetoriitrile as ycllow-orange crystals, 
m.p. 123.5-126.5". 

p-Chloroacetoamidophenylacetonitrile (4.0 9.) was heated 
under reflux for 3 hr. lyith diethylamine (7.08 g.). The cooled 
reaction mixture was partitioned between methylene chloride 
and 2.5 N sodium hydroxide solution, and after washing with 
water the organic solvent was removed and the solid residue 
(4.30 g.), m.p. 76-80", crystallized from aqueous methanol 
to give p-diethylaminoacetamidophenylacetonitrile (3.64 g.), 
m p. 78.5-81", as colorless feathery needles. A small portion 
on recrystallization had m.p. 79.5-81 '. 

Anal. Calcd. for C14H19N30: C, 68.54; H, 7.81; N, 17.13. 
Found: C,68.24; H,7.68: N, 17.15. 

p-Alkylthiobenzaldehydes.-p-~~ethylthiobenzaldehyde was 
kindly supplied by Dr. C. E. Maxwell of these laboratories who 
prepared i t  by the action of dimethylformamide on the Grignard 
reagent from p-bromothioanisole, the reagent being made by the 
entrainment method using ethyl bromide. The other aldehydes 
were prepared in similar fashion. The properties of the alde- 
hydes and their precursors are shown in Table VIII. 

284mp (E 18,000). 

(19) M. W. Goldherg and S. Teifel, U. S. Patent  2,774,766 (1956); 

(20) R. Filler and H. Novar, J .  Ora. Chem.. 26, 733 (19RG). 
Chem. Abatr., 61, 8139 (1957). 

Isopropyl- and cyclohexylthiobromobenzene were prepared by 
bromination of the corresponding alkyl phenyl sulfide, the latter 
being prepared by alkylation of thiophenol.21 

p-Ethyl-, p-isobutyl-, and p-heptylthiochlorobenzene were 
prepared by alkylation of commercially available p-chlorothio- 
phenol. 

Diethylaminoethoxy-2,3-diphenyl-%-pentenenitriles.-The 
physical constants of the amino ethers are shown in Table VII; 
those of the intermediates used in their preparation are col- 
lected together in Table IX. 

cis- and trans-2-Phenyl-3-( p-hydroxyphenyl)-2-pentenenitrile. 
--Sodamide (16.8 g.) was added to a solution of phenylacetonitrile 
(50.4 g.) in refluxing xylene (350 ml.). 4 ' -~~ethos~propiophenone 
(71.0 g.) was then added dropwise and the heating under reflux 
continued for a further 30 min. after the addition. After cooling, 
the mixture was treated with water (300 ml.) and then glacial 
acetic acid (30 ml.), The layers were separated and the aqueous 
phase extracted with ether. The combined organic extracts 
were dried with Na2S04, the solvent mas removed, the residue 
treated with ether-petroleum ether (150 ml., 1 : 2), and the crystals 
were collected (66 g., 507,). Quantitative paper chromatography 
using the pure isomers obtained as below as standards established 
the product as a 1 : 1 mixture of the cis and trans isomers. 

The mixed isomers (56 g.) were heated under reflux with freshly 
distilled pyridine hydrochloride (283 g.) for 1 hr., the mixture 
allowed to cool to about loo", and water (500 ml.) added followed 
by 6 N hydrochloric acid (30 ml.). The precipitate (56 9.) was 
filtered, dried, dissolved in hot methylene chloride (300 ml.), 
and the solut,ion cooled and evaporated under nitrogen until 
crystallization started. The trans isomer (11.5 g.), m.p. 167- 
171", separated. 

The cis isomer was obtained by chromatography on Florisil of 
second crop material from the isolation of the trans isomer using 
methylene chloride as eluting solvent. The cis isomer came off 
the column immediately behind the solvent front. Recrystal- 
lization from ether gave the product, m.p. 127.5-128.5", 
307.5 mp (E 13,000), which resolidified and remelted at  150- 
153". Infrared absorption and paper chromatography showed 
that this latter material consisted of a mixture of the isomers. 

2-Phenyl-3-(p-hydroxyphenyl)-2-pentenoic Acid.-cis-2- 
Phenyl-3-( p-hydroxyphenyl)-2-pentenenitrile (10.0 g.) was heated 
under reflux in isoamyl alcohol (100 ml.) with sodium hydroxide 
pellets (20.0 g.) for 21 hr. Dilution with n-ater, acidification, 
and extraction into ether gave on evaporation a residual oil 
which on trituration with methylene chloride yielded the acid 
(5.40 g.)j  m.p. 222.5-225'. Two recrystallizations from acetone 
raised the m.p. to 224-226.5", 

Anal. Calcd. for C17Hla03: C, 76.10; H, 6.01. Found: C, 
75.85; H, 6.05. 

Similar hydrolysis of the mixed isomers (20.0 6.) yielded tlie 
same acid (3.5 9.) on trituration with pet,roleum-ether, and 
rhromatography on Florisil of the mother liquors gave, in xddi- 
tion to starting material, 4'-11ydroxypropiophellone (1.53 g.), 
1n.p. 148-14!1.5", inixture m.p. with authentic sample, 14ti-149". 

Hydrolysis of trans-2-phenyl-3- [p - (  2-diet,hylaminoethoxy)plieri- 
y1]-Zpentenenitrile Iiydrochloride (5.0 g., see below) under the 
sanie conditions gave, in addition t,o unidentified material, 
phenylacetic acid (1.0 g.), m.p. 73-75", n1.m.p. 75-77.5", in the 
ethereal extract. 
trans-2-Phenyl-3-(p-methoxyphenyl)-2-pentenenitrile. Alkyla- 

tion Procedure B.-Methylation of trans-2-phenyl-3-( p-hydroxy- 
phenyl)-2-pentenenitrile with methyl iodide (2  moles) in reflu>.itiq 
acetone overnight, in the presence of potassium carbonate (2.5 
moles) gave the trans-methyl ether, which was rerrystallized 
twice from isopropyl alcohol. 

cis-2-Phenyl-3-( p-methoxyphenyl)-2-pentenenitrile.-Methyl- 
ation of cis-2-phenyl-3-(p-hydroxyphenyl)-2-pentenenitrile as 
for the trans isomer gave the corresponding cis-methyl ether. 
Infrared absorption and paper chromatography further estab- 
lished the nonidentity of the two isomers, the cis isomer being the 
more polar in the isooctane-dimethylformamide system. 

trans-3- [ p-( 2-Diethylaminoethoxy)phenyl] -2-phenyl-2-pen- 
tenenitrile (54).-Alkylation of trans-3-(4-hydroxyphenyl)-2- 
phenyl-2-pentenenitrile with an excess of diethylaminoethyl 
chloride (procedure B )  gave the amino ether as a yellow oil 
which was converted into its hydrochloride with hydrogen chlo- 

260 mp ( B 11,800). 

(21) V. X. Ipatieff, H. Pines, and E. S. Friedman. J .  A m .  Chent.  Soc., 60, 
2731 (1938). 




