
Coxnpd. Steroid 17pEster 

I Testosterone 17p-Adamantoate 
I1 4-Chlorotestosterone 178-Bdamantoate 
I11 Testosterone 3-Me t hyl-1 78- 

adamantoate 
4-Bromotestosterone 178-Adamantoate 
AI-Androsten-( 5a)- 178-Adamantoate 

IV 2a-Methyl-5a-andro- 178-ildamantoate 

T' 201-Methy1-5a-andro- 3-3Iethyl-178- 

TI 19-Xortestosterone 178-Adamantoate 
1-11 19-Kortestosterone 3-3Iethyl-l'ip- 

i I11 IO-Sortestosterone 3,5-Dimethyl-lip- 

I X  4-Chloro-19-nortes- 178-Adamantoate 

178-01-3-one 

stan-178-01-3-one 

stan- 178-01-3-one adamantoate 

adamantoate 

adamantoate 

tosterone 

tion was allowed t,o reflux for 18 hr. After cooling, 100 ml. 
of chloroform and 50 ml. of water were added. The layers were 
separated, and the organic layer was extracted sliccessively with 
water, lyG aqueous HC1, and water, and then dried (Na2G04). 
Evaporation of the organic solvent yielded a residue which upon 
trituration with ether gave crystalline material (1.8 g.), m.p. 
246247'. Recrystallization from ether several times afforded 
the analytical sample, m.p. 265-267' dec., [ a ] 2 5 ~  +66.55'. 

Hydrolysis. A.-To 200 mg. of 19-nortestosterone 178- 
cyclohexylcarboxylate dissolved in 20 ml. of methanol was 
added a solution of 0.2 g. of KOH in 0.5 ml. of water. After 
being allowed to reflux for 2 hr., the solution was cooled and then 
neutralized with glacial acetic acid. Water (20 ml.) was added, 
and the solution was extracted with three 100-ml. portions of 
ether. The combined ether solution was washed successively 
with dilute Pja2C03 solntion and water, and was then dried 
(NatSOa). Evaporation of the solvent afforded 162 mg. of a 
viscous residne which slowly crystallized. Thin layer chroma- 
tography (silica gel; chloroform-ether, 1 : 1) indicated the 
presence of 19-nortestosterone and the absence of lip-ester. 

---% calcd.--- ---% found--- 

79 95 9 39 79 73 9 44 
AI p . ,  " C .  Formula C H C H 

304-306 C30H41C103 74 27 8 51 74 31 8 59 
168-170 C31H4403 80 13 9 55 79 55 9 96 

222-224 C30H41Br03 68 04 7 80 68 85 8 04 
79 95 9 39 79 50 9 40 

217-220 C30H4203 

216-219 C30H4203 

223-226 C31H4603 79 78 9 .94  79.84 9 85 

79 95 10.07 80.13 10.35 209-211 C32&03 

79 i 7  9 23 79 65 9 30 
159-161 C3oH4203 79 95 (3 39 79 83 9 40 
203-206 C?gH4003 

B.-When 200 mg. of 19-nortestosterone 178-adamantoate ( V I )  
was h a t e d  in the identical manner as above, there was recovered, 
upon addition of the Nrater, crystalline ester (190 mg.), n1.p. 

19-Sortestosterone 17p-adamantoate (200 mg.) in 20 ml. of 
methanol was t,reated with 2 g. of XOH in 1 ml. of water, and t'he 
sohition r a s  refluxed for 2 hr. Cooling, neutralization, and the 
addition of 20 ml. of water precipitated 105 mg. of ester, m.p. 
193-107". The filtrate was evaporated to a smaller volume to 
remove methanol, and the solution was then extracted with 
ether. The organic sollition was washed with salt solution, 
dried (Na2S0,), and evaporated to a viscous residue (100 mg.). 
Thin layer chromatography showed that this residue consisted of 
19-nortestosterone and some unhydrolyzed ester. 

Acknowledgment.-The authors wish to express 
t'heir gratitude t,o Mr. E. Krumkalns for stimulating 
discussions as well as for supplies of the adamantoic 
acid chlorides. 
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Hydrogenation of a-( p-nitropheny1)-8-arylacrylonitriles in the presence of palladiun-charcoal in ethyl acetate 
solution gives a-(p-aminopheny1)-8-arylpropionitriles. The bearing of some of the results in this work upon 
earlier reductive cyclization of o-nitrophenylacetonitriles is discussed. Two compounds, 01-( p-aminopheny1)-p- 
(3-pyridy1)propionitrile and the similarly prepared a-( p-chlorophenyl)-fi-( 3-pyridyl)propionitrile, affect adrenal 
cortical steroid secretion. 

The 1,l-diaryl- and I ,2-diarylethylenes and -ethanes, 
notably st'ilbestrol and its relatives, have been of 
interest in endocrinology for some tin1e.l Recently 
the field mas  given some new impetus by studies of 
adrenocortically active, similar basic ketones, the 
amphenones,*-' amphenone-related pyridyl ketones 

(1) J .  A .  Hogg and .I .  Korman in "Medicinal Chemistry." Vol. 2, F. F. 
Blirke and C .  RI.  Huter, I M . ,  .John \Viley and Sons, Inc., New York,  N. T., 
1956, Chapter 2. 

(2) M. J .  Allen and -4. H. Corwin, J .  Am. Chem. Soc., 72,  114, 117 11950). 
(3) W. L. Bencze and M. J. Allen, J .  Org.  Chem., 22 ,  352 (1957). 
(4) W. L. Bencze. L. I. Barsky, M. J .  .411en, and E.  Schlittler, Helu .  C h i n .  

Acta, 41, 882 (1958). 

(e.g., metyrapone and relatives) ,*-lo arid aniinoindenes.6 
There also have been recent further studies of the well- 
known, weakly estrogenic stilbenenitriles'l in the di- 

( 5 )  J. B. Wright and E. S. Gutsell, J .  .4m. Chem. SOC., 81, 5193 (1959); 

(6) W. L. Bencze and M. J. Allen, J .  M e d .  Pharm. Chem., 1, 395 (1959). 
(7) J. J. Chart and H. Sheppard, ibid. ,  1, 407 (1959). 
(8) W. L. Bencze and 11. J .  Allen, J .  Am. Chem. Soc., 81, 4015 (1959). 
(9) Vi. I,. Bencze, C. A .  Burckhardt, and \Ir. F. Yost, .I. Org. Chem., 2 7 ,  

(10) J.  J. Chart, H. Sheppard, 31. J. Allen, K. L. Bencze, and R. Gaunt, 

(11) J. B .  Niederl and A.  Ziering, J .  Am. Chem. Soc., 64, 885 (1942); see 

J. B. Wright, U. S. Patent 2,881,216 (1959). 

2865 (1962). 

Ezperientia, 14, 151 (1958). 

also S. Wanzonek, z6id. ,  68, 1157 (1946). 



I'alc J ?Ill)\\ 
Pale yellow 
Greenish yellow 
Pale 1 ellow 
Light orange 
Red-purple 
Yellow 
Pale yellou 
Yrllow 
Red-bron I I  

Ited-puiplc, 
I I 48 
10 3 i  

I 
I l l  

1'.1 1h.J 
109-170 
2 ti 1-263 

Uright yc~lllr\\ 
Oraiigc 

t i6 . l i  4.6,; 
6 3 ,  05 4.89 
70.10 3.86 

! J  1 

! )2  Orange I1 

226 22h clec. Ilecl Vi 

137-1% 3 
121-123 
1 s2-183 
191-192.3 
2 10-21 1 

l-ery pale yellow 
Colorless 
Pale yellow 
Bright yellow 
Bright yellow 

I .-I . .  . .  . .  

6.i1 3 . 3 1  5 . 1 1  
58.38  2 . 6 1  4 . 5 4  

. , , 72.2 i )  5 .3 .5  9.91 
7 3 . 2 . ;  :2.98 10.05 

. . .  . . .  
t i5 ,  80 :I . 38 
58.58 2.68 
7 1 . i S  3.27 
7i3.67 4 . 0 4  

4 A t i  
4 .50  

10.1:3 
10.04 

i , t ~ l  io I i of I IC'W diaryletliyleiics, 12 ,18  triarylethyleiies, I 
atid st ilhazoles analogous to these substarices.15-17 

The  compounds forniirig the subject of this papel' 
\ v ~ r ( :  synthesized in 1938, with the initial idea that 
hasic (anziriophenyl and/or pyridyl) analogs of diaryl- 
propionitriles, incorporating in one inolecule several 
structural iteiiis froiii above-inentioned rompounds, 
should also have soiiie effect on the adrerials or gonads. 

Preparation of a,&diarylacrylonitriles by condensa- 
tion of aldehydes with pheriylacetonitriles, although 
sometimes referred to as an exaiiiple of the I<noevenagel 
c.oriderisation,16~18 actually originated with Neyer and 
lCrost19 arid, with nitro compounds, was investigated 
at an early date by Renise20 and Freund.21 The re- 
action typically is carried out in the presence of a 
sodium alltoxidc, l 1 s 1 , 5 3 1 7 3  18--24 although iiitriles haviiig 

( I ? )  I<. .J. l ioria,  U.  9. Patent  2,815,363 (1557). 
(13) J. €I. Burckhalter. J. Sam, and L. A .  R.  Hall, ib id . .  81, 394 (1959); 

( I ? )  M. Q. Van Campen, R. E. Allen, 17. P. Palopoli, and E. I,. Schumann, 

(1.5) R .  N. Castle and \T. 6.  Seese, J .  Org. Cliem.. 20, 9 8 i  (1955). 
(16) Np. Ph. Buu-Hof, R. Huls, and S .  D. Xuonp, ibid. ,  20, 1407 (19.55). 
( 1 7 )  F. €1. Clarke, G. .I. Felock, G. B. SI \ -e rman,  and  C. >I. Watnick. 

ib id . ,  27, 533 11962). 
(18) A .  XI. Mattocks and  0. S. Hutcliinson, J .  Am. Chem. S u c . ,  70, 35113 

(1948). 
(19) 1'. hiel-er aiid H. V. Frost. Ann.. 250, 124, 156 (1889). 
(20)  P. Kemsr. Bpi-., 23, 3133 (1890). 
(21)  31. Freund. i b i d . ,  34, 3104 (1901 1 .  
(2%) 11. A .  Harrison and II. TVood, .J Ciirrn. .Yo<,., 1195 (1926). 
( 2 3 )  I<. Y. Walther and .i. \Vetzlicli, J .  p r a k t .  Chem., [ 2 ]  61, I69 (18U!J~: 

. J .  13. Burckhalter and P. Kura th ,  ? b i d . ,  81, 395 (1959). 

1)eutsclies Auslegesclirift 1,026,744 (1958). 

13.  v. Waitlierand Raetze, i b d ,  121 65, 282 (1903). 

suffic*ie~itlg iwwtivc a-iiiet hyleiie groups rail t)c. c v i i -  

clelised with aldehydes i t i  tlie presenre of organic bascs 
sucali as piperidirieIR,?2,2".'6 or Triton B,27 or c ~ ~ e t i  with- 
out addcd catalysts wheti otic or  both of thr~ reac*taiits 
is itself sufficiently basic to proniote iriilial cwbariioii 
foixia t ion. TI le sai 111: geiioral (:o I is idera t io] is apply 
to rotidensat ion of aldehydes with p-tiiti.o-activatctl 
plietiylacetic~ a c ~ i d s , ~ ~  in  u-hicli, Iiorvever, with piperidirtct. 
initially formed a-at,yl(~ititiaiiiic acids are iiot isolatcd 
1)ut are decarboxylated, giving t,,ans-stilbeiic.s.?~'~~ 

preliinitiary experiment, i r i  which pyridirits-:i- 
aldehyde was mridensed with p-nitropheiiylacctic~ acaid 
i t1  t Ii(: preseticc of piperidinc, gave l-@-pyridy1)-2- 
(p-tiitropheii3.l)etliylerie, a result agreeing with t 
last-iuerit ioned observation. 

I.'or tlic coritletisation of p-nitropheii~7lac:eloliitrilc~ 
wit11 a series of aroniatic aiid heterocyclic aldehydes 
aiid isatiri, piperidinc was chosen to be used as tlie basic. 
agent, and methariol served as the solvent. The prod- 
u r t s  I and I1 so obtained, listed iii Table I ,  were iso- 
lated very easily, usually in good yields. The saiiic 

(24) P. Pfeiffer, A n n , ,  465, 2 0  (1928);  Bee also k', Sachu and \V. 1>ewvin, 
Ber. ,  35, 3569 (1902) 

( 2 5 )  R .  RIerckx, BuU. so?. chirn. Beiges,  68, 460 (1949); see Chem. -4hstr. .  
46, 579 (1951); see also \V. E. Solodar and hl.  Green, . I .  Ore. Ckem., 23, 
103 (1958). 

,261 (;. s. \Valkrr. .1. .4 , ,L .  C'hem.  so 
, 2 7 1  \ V ,  l 1 t . r ~  arid , I .  Hrascll, .I. O r g .  
128)  \V ,  Baker, I<. 31. Buegle, J. F. 

(29) See I). .Jambotkar and I<. Ketcliaiii, . I .  O r y .  Cliem., 28, 2182 ( 1 9 6 < ) .  
J .  CIIFVL. S O C . ,  3594 (1958). 
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set of conditions predictably failed to promote conden- 
sation between p-nitrophenylacetonitrile and aromatic 
ketones (acetophenone, 3-acetylpyridine), although with 
a longer reaction period at  100" piperidine could also 
be used in the condensation of aldehydes with the less 
reactive p-chlorophenylacetonitrile,15~z3 Examples of 
some products I11 from this reaction are also included 
in Table I. 

F CN 
RCHO 

C&+X piperidine, 
MeOH, heat 

1 

Ia-n, X = Noz 
IIIa-e, X = 

1 piperidine 

I1 

Although nitrostilbenenitriles in the past have been 
reduced by means of metal and acid to aminostilbenesJZ1 
and other stilbenenitriles have been hydrogenated 
catalytically to pJ~-diarylpropylaminesJ1* the purpose 
of the present work was neither of these but rather to 
reduce nitro to aniino groups and to saturate the 
ethylene bond, preferably in one operation, without 
affecting the nitrile, which then later presumably could 
be transformed into other functional groups. 

Hydrogenation of the a-(p-nitropheny1)cinnamo- 
nitriles presented no difficulty when carried out ac- 
cording to a procedure used earlierz6 in the reduction of 
o-nitrophenylacetonitriles to indoles, i .e.,  using 10% 
palladium-charcoal, ethyl acetate as preferred solvent, 
and 3-4 atm. of hydrogen pressure. The rapid rate of 
initial hydrogen consumption (3 equiv./nitro group) 
indicated that, as in earlier work,21vz6 the first attack 
was upon the nitro groups(s). Past the point of forma- 
tion of the amino groups, the hydrogenations then 
proceeded further with saturation of the double bond, 
and it was observed that this stage was slower30 and 
generally required some heat for completion. The 
total hydrogen absorbed usually exceeded expecta- 
tion, even when an estimated allowance was made for 
various experimental errors. Provided that the seem- 
ingly excessive uptake was not interrupted but allowed 
to go until it  finally became quite slow a t  70-80°, 
fairly good yields of the hitherto unavailable 01-(p- 
aminopheny1)propionitriles (IV), listed in Table 11, 
were obtained. 

CN 

I, 11, and I11 - Hi, Pd-C € $ - - & - O X  

I V  and V 
IVa-1, X = "2; R, = substituted benzyl, 3-indolylmethyl 
IVm, X = NH2; RI = 3-oxindolyl 

V, X = C1; R, = 3-pyridyl 

The tendency toward over-reduction of many of 
these amino compounds, as well ats the p-chlorophenyl 
(30) This effect may be at t r ibuted t o  inhibition of t he  catalyst by newly 

formed basic moieties, or to the  usual slight or moderate difficulty of reducing 
a diarylethylene, or to a combination of these factors. 

compound V, was especially noticeable in the com- 
pounds incorporating basic R1 groups. With Ia  and 
Ib this might possibly now be attributed at  least partly 
to slow reduction of pyridine to ~ i p e r i d i n e . ~ ~  How- 
ever, since observed in other (nonpyridine) examples 
as well, it more probably reflects the appreciable rate 
a t  which phenylacetonitriles take up hydrogen in the 
presence of palladium, as they also do even niore 
readily with other catalysts such as nickel and plati- 
num. Two additional, closely related cases, better 
illustrating the rather surprising ease with which 
alkylidene- and arylidenephenylacetonitriles may be 
reduced in the presence oi palladium, not only at the 
double bond but also a t  the nitrile group, have been 
observed in this laboratory and may be mentioned in 
this connection. Cy~lopentylidenephenylacetonitrile~~ 
in ethyl acetate absorbs very rapidly about 3 equiv. 
of hydrogen in the presence of 10% palladiuni-char- 

giving a mixture of basic and nonbasic 
compounds ; 01- (3,4-dimet hoxyphenyl) -p-phenylacrylo- 
nitrile under the same conditions also has a strong 
tendency to overabsorb, giving ill-defined, nonnitro- 
genous material as well as a-(3,4-dimethoxyphenyl)-P- 
phenylpropionitrile which can be prepared thus in 
good yield if the procedure is used circumspectly. 

These findings are of special interest in regard to the 
unsettled question concerning the way in which o-nitro- 
(via o-amino-) phenylacetonitriles are converted to 
indoles under the sanie26v34 conditions, or in the presence 
of Raney nickel.35 This question essentially has been 
whether, in an o-aminophenylacetonitrile, the amino 
and cyano groups interact before or after further 
attack on the molecule by hydrogen. It now seems 
quite clear that palladium hydrogenation of ARCH- 
CN is related to the better known, abnormal hydro- 
genation of w-nitrostyrenes (0-nitro derivatives of 
which also provide indoles36), phen ylacetoximes, and 
similar compounds which may lead ultimately to loss of 
nitrogen through facile hydrolysis, or reaction with a 
sterically proximate group, of an unstable (amino- 
styrene, i. e., phenylace timine) enamine intermedj a te. 

R 
I 

H 

\ 

N Hz 

(31) G. N. Walker, J .  Org. Chem.,  27, 2966 (1962). 
(32) M. Jackman, C. Bohlen, F. C. Nachod, B. F. Tullar, and 8 .  .\rcher, 

(33) Thie observation was made b y  A h .  R. T.  Smith. 
(34) H. R. Snyder, E. P. Merica, C. G. Force, and E. G. White, J .  A m .  

(35) H. Plieninger and I. Nogradi, Ber.. 88, 1961 (1955). 
(361 C. F. Huebner, H. A .  Troxell, and D. C. Schroeder, J .  Am. C h e m  

J .  Am. Chem. Soc., '71, 2301 (1949). 

Chem. Soc., 80,4622 (1958). 

Soc., '75, 5887 (1953). 
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may be true similarity between thc inode of action 
of these coinpounds arid that shown by those of the 
amphenone and metyrapone series when tested by the 
same p r o c e d u r e ~ , ~ ~ ~ O ~ ~ ~  although if this is the case it 
is rather surprising that nitriles IVb, IC'd, and IVe 
(Rz = CS) were not active. Acids listed in Table 11, 
including IVa, b, and c (R? = COOH), were also in- 
active, and in several instances quite toxic. However, 
1-(3-pyridyl)-2-(p-aniinophenyl)etharie had a low order 
of activity similar to that of the more potent IVa 
(R = C S )  and V. 

Experimental3* 
Condensation of p-Nitrophenylacetonitrile with Aldehydes 

and Isatin.-The following general procedure was used in all of 
these reactions to prepare compounds I. To a solution of 0.1 
mole of aromatic varbonyl compound and 0.1 mole of p-nitro- 
phenylacetonitrile in the minimum aniount of warm niethanol 
was added 10 ml. of piperidine. After an  exothermic effect, 
if any, the deep purple solution was boiled on a steam cone for 
ca. 10 min., or until further thickening of the resulting suspen- 
sion of crystals was not observed. After cooling, the product 
was collected and washed free of nearly all the purple mother 
liquor with methanol, then retriturated with the same solvent. 
Yields were determined after air drying the crystals, and samples 
for identification or analysis %-ere prepared by further recrystal- 
lization from methanol. As observed in earlier workl5 with 
stilbenenitriles, even many repeated recrystallizations, resulting 
in no observable change in melting point or appearance, some- 
times failed to give samples which yielded very accurate ana- 
lytical figures. This difficulty was noticed particiilarly with 
oxyphenyl and basic derivatives. The m-hydroxybenzylidene 
compound ( I i )  was highly solvated, giving even after vaciium 
drying, the following analysis. 

Anal. 
Principal ultraviolet maxima observed for several of the com- 

pounds (JIeOH as solvent) indicated t,hat, as in many previously 
known compoiinds of this t,ype," the isomers having the trans- 
stilbene geometry were at, hand, since the most intense peak 
occurred at  the longer wave length: IC, A,,,, 252-259 and 309 
mp ( e 8040 and 20,550): If, A,,,,, 261 and 446-450 mp ( e  9940 
and 27,710); Ih, A,,, 262-266 and 315-318 mp ( e  11,530 and 
15,650); Ik ,  Amax 276 and 385 mp ( e  6510 and 23,020); 11, Xmax 
278 and 374 mp ( e  11,860 and 16,940); Im, A,,, 280 and 364 
mp ( E  8790 and 19,320). However, t,he reverse was true in two 
cases, indicating cis-aryl groups about the double bond: Ia,  
A,,, 219, 269, and 323-326 mp ( E  12,i60, 6350, and 2424); 11, 
A,,,, 262, 336-341, and ca. 450 ( E  18,800, 13,400, and 1750). 
The infrared spectra (Xujol) of the nitronitriles uniformly had 
peaks in the 4.45-4.49-p region. 

Condensation of p-Chlorophenylacetonitrile with Aldehydes.- 
-4 solution of equivalent amounts of the two reactants in mini- 
mum warm methanol was treated with piperidine (10 ni1./0.1 
mole of nitrile) and boiled until the methanol had been removed. 
The residual oil was heated on the steam cone 1-2 hr. After 
caooling, the crystalline products 111 were purified using methanol. 
Ultraviolet spectra again indicated trans-stilbene structures: 
IIIa,  Amax 230 and 313-316 mp ( e  11,390 and 21,290); IIIb,  
A,,, 230 and 307-309 mp ( B 13,330 and 19,230). The infrared 
Ppectra (Siljol) showed peaks in the 4.45-4.50-p region. 

Reduction of a-(p-Nitropheny1)cinnamonitriles to e-( p -  
Aminopheny1)-p-arylpropionitriles. General Procedure.-In a 
typical reduction, ca. 0.1 mole (in most eases, about 35 g.)  of 
nitrostilbenenitrile, suspended or partly dissolved .in ca. 350 
nil. of ethyl acetate, was treated x i th  6-9 g. of commercial 109; 
palladium-char(-oal catalyst, placed on a Parr hydrogenation 
apparatus, and shaken under 3.16-3.52 kg./cni.* initial hydrogen 
pressure. I n  a few cases the nitro compound was so sparingly 
soluble as to require gentle heating in the beginning to initiate 
reaction and gradual dissolution. I n  most, cases the absorption 

Found: C, 56.52; H, 3.93; S,  8.35. 

(37)  See G. cisStevens, "Diuretics," Academic Press Inc. ,  New York.  
N. Y., 1963, pp. 136-113, and additional references a t  end of Chapter VII .  

(38) Melting points were determined using an  air-bath apparatus  with 
360' tliermometer, and are corrected by  calibration against standard 
compounds. 

of hydrogen began immediately and picked iip speed, usually 
reaching a maximum rate of ca. 0.1406 kg./cm.2 gauge pressure 
drop/min., as the exothermic reaction of nitro group(s) proceeded. 
When approximately 3 molar equiv. of hydrogen (per nitro group) 
had been absorbed, the rate of uptake slowed. At this point, 
with no interruption in shaking, the pressure on the reaction 
was restored to 3.16 kg./cm.2 and ext>ernal heating (io-80 v. 
on standard Parr heating element) was applied to maintain a 
temperature of ca. 75' for the remaining reaction time. Shaking 
was then continued, usually for about 0.5-1 hr. until the hydrogen 
absorption rate curve became nearly flat. It was found inad- 
visable in preliminary experiments to interrupt, t,he uptake at. 
any point prior to  t,his, since doing so resulted in an incompletely 
reduced and ustially air-iinstable mixture of rribrtancea. The 
tot,al amount of hydrogen taken lip in each case, measiired by 
gauge presslire drop after retiirn t>o room temperature. is expressed 
in Table I1 as molar equivalents of Hr per mole of compound 
reduced. These figures are empirical, and should not be re- 
garded as acciirate in any absolute sense, brit rather only as a 
relative expression of the behavior of individual romporinds in 
this series. The figures were calculated on the baiis that, H 
0.5624 kg./cni.? gauge pressiire drop represents iiptake of 0.1 
mole of H,; this has been observed repeatedly with other coni- 
pounds. but holds true only in the 3-4 atm. pressure range. 
Since some of the present compounds, notably dinitro ones, 
absorbed so much hydrogen initially as t,o nearly exhaust the 
4-1. reserve tank, the relative molar expression in such cases i h  

Iindoubtedly too high. However, in the interest of uniformity 
and simplicity in reporting these result,s, which seem to be fairly 
reproducible under the stated conditions, no attempt has been 
made to apply pressure us. volume and other corrections needed 
to convert t.hese empirically observed values to absolute ones. 

After filtration to remove the catalyst, the solutions were 
evaporated. The aminonitriles, if crystalline, were isolated by 
trituration with ether, ethyl acetate, or mixtures of t,hese solvents 
with cyclohexane. Fiirther piirification was effected by re- 
crystallizing from the solvents indicated (Table 11); prolonged 
drying in uacuo a t  ca. 60' was then often necessary to remove 
last traces of solvents before analysis, causing some difficulty 
in many instances in obt,aining correct analytical figure?. The 
aminonitriles uniformly showed infrared ( S u j o l )  bands in the 
4.42-4.4t5-,u region. No stable or well-characterized product 
could be isolated after rediiction of the 2-pyridyl cornpound Ia. 
Crude aminonitriles which did not crystallize were esterified 
and hydrolyzed as described in the following experiment. 

Methanolysis and Hydrolysis of a-(p-Aminophenyl)-@- 
arylpropionitri1es.-In each case, 10 g. of aminonitrile was dis- 
solved in 250 ml. of methanol; the solution was saturated with 
dry HCl, and refluxed 3-4 hr. Usually a precipitate (p-amino- 
phenyl imino ether dihydrochloride) formed, necessitating care, 
or the addition of more methanol, because of bumping. After 
evaporation of most of the excess methanol, the cooled residue 
was treated with water and warmed about 5 min. on a steam 
cone to dissolve the hydrochloride. The aqueous solution was 
allowed to stand 1-3 days a,nd was then treated with excess 
Tu'a&Oa in portions. The viscous product was extracted by 
vigorous shaking with ether and sufficient ethyl acetate t o  dis- 
solve the gummy material. The separated organic solntion, 
after washing with several portions of water, was dried (Ii2CO3), 
filtered, and evaporated. T-irtually quantitative yields of criide 
amino esters, as viscous noncrystalline oils, were obtained. 

The amino ester (ea. 10 g.) was treated first with about 20 ml. 
of methanol, then with 110 ml. of 10-1lC; S a O H  solntion, and 
the solution was refliixed 2-3 hr. The cooled solution was filtered 
clear and neiitralized by addition of 20-22 ml. of concentrated 
HC1. The suspension was kept at 0' iint>il no further precipi- 
tation of amino acid occiirred; the product was collected, washed 
with two small portions of water, dried, and weighed (yield 
figures are given in Table 11). For prirification the amino acids 
were recrystallized from methanol, using Sorit  if necessary t o  
decolorize. 

Compound ITd formed a diaminonitrile dihydrochloride SO 
sparingly soluble in methanol as to render the met.hanolysis 
procedure impractical. 

Compound IVf nit,rile also failed to niethnnolyze when suh- 
jected to the nhove procedure, giving what appeared to be the 
aminonitrile hydrochloride, 1n.p. ca. 200" dec., infrared 4.45 ,u. 
Therefore direct hydrolysis with concentrated hydrorhloric acid 
(10 g. was refluxed 4 hr. with 400 nil. of concentrated HCI) 
was employed in order to obtain the corresponding acid, which 



was isolated as the hydrochloride (see Table 11 j directly from t,hr 
cmoled solution. The infrared spectra of the amino acids and 
hydrochlorides shov-ed expected zwitterionic :tnd carboxyl bands. 
1-(3-Pyridyl)-2-(p-nitr0phenyl)ethylene.--~4 warm solutioii 

of 16.3 g. (0.09 mole) of p-nitrophenylac'eti(, acid and 11.2 p. 
(0.105 mole) of pyridine-3-aldehyde in 100 nil. of methanol w:is 
treated with 18 ml. of piperidine. When t,he exotherniic reac- 
t ion suhsided, t,he brown solution was boiled for 2 hr., allowing 
most of the solvent to escape. Water (100 nil.) and cmncentratctl 
HCI (16 ml.) were added to the c*ooled residue (effervescence). 
The gurnrny crystals, which appeared upon chilling the rnixturc, 
were a n ~ h e d  with water and then warmed ~ i t h  100 nil. of meth- 
anol. The rooled, cryst d i n e  siispension was filt,ered, ant1 t ti<* 

prodiirt w:ts washed with methanol. The yield of critde c 
n1.p. 12$9-136", was 6.1 g. (257;). Piirificalion hy recrystalli- 
z a h n  from methanol gave hright, yellow csrystnls, n1.p. 152.5- 
lc5Fi". 

. ,~?!m~. ( 'alcd. for C l : j r I ~ o S 2 ( . ) . :  (', li!J.Ol ; 1 1 ,  4.46: S ,  I?.:!!J. 
F'oiind: C, 6!).06; Tl, 4.50; K, 12.59. 

1 -( 3-PyridyI)-2-(p-aminophenyl Jethane. - Hydrcigenatii)n !if 

: ; .7  g. of nitro c.ornpound froni the preceding experiment in the 
presenc'e of 3.5 g. uf 107; p:tlladiiim~c~harc~~ittl in ethyl acetat(. 
( I60 1111.) and ethanol (160 ml.) iinder 2.81 kg./rrri.2 pressure. 
resulted in exothermic uptake of 1.5 molar equiv. ( i f  hydrogen ill 
9 niin.  Filtration of t.he catalyst and evaporation of the sol- 
vents gave :I crystalline produc lie yield of which after ethyl 
:tc*et:ite trituration was 2.2 g. (6 Initidly a solvated forrn, 
1ii.p. m. 130-173' (sintering) was obtained; after recrystalli- 
zition from :queiius niethanol and  drying in  z'acuo, the anhydrous 
fiirni was secured as light, graykh flakes, n1.p. 1 I 7--110". 

. tnr tZ.  Calcd. for ClaH12T?: C j  7s.:;:  I I .  7.12; A'? I4.I::. 
E ' o i i i i d :  C, 78.73; I T ,  6.97: S, 14.17. 

0-( p-Chlorophenyl)-/3-(3-pyridyl)propionitrile i V): -A solu- 
t ion of 11.7 g. of IIIa in 250 nil. of ethyl acetate was treated with 
S g. nf  IOc;, palladium-cI~art:nnl and shaken under 3.16 kg.1 
mi.2 of liydrogeri, applying sufficient heat to gradually raise the 
te~iiperat~ure of the re:*ct,icm to :i. n~axjn iu in  of 70".  The pressure 
began t o  drop sliiwly when t h e  teniperature reached m. 50' 
and :mounted to 0.28 kg./c:ni.2 after 1 hr. A t  this point, the 
heating was discontinued, arid the re:\ction was allowed to 
cvol I .S hr .  while continuing to shake; during this time excessive 
hydrogen (0.21 kg./crn.* pressure drop) wts taken up. The 
filtered, greenish yellow solution was evaporated. From the 
remaining crude, discolored oil (air darkening) there was isolated, 
i iy means of tritiiration, first with ether-ethyl acetate and then 
wit,h cycloliexane, a total of 1.8 g. (15r:) of crude crystals, m.p. 
76-SO". Recrystallization from cyclohexane raised the melting 
point to 86-88'. The infrared spect,rrim (Xiijol) had a peak at 

' j. 

4.46 p. 

i l n u l .  C'alcd. for ~ ~ 1 4 l I ~ ~ c l h - 2 :  c:, 69.28; 11, 4.57; N! 11.24 
E'oiind: C', 69.52; II, 4.78: N, 11.71. 

CY-( 3,4-Dimethoxyphenyl)-p-phenylacrylonitrile. To :L sulu. 
t ion of 8.6 g. (0.374 g.-atoni) of sodiuni in  700 nil. of riietfh:inol 
were :tdded ti5 p. (0.367 mole) of 1ionio.r-eratronitrilc mcl 41 fi. 
(0.387 iri(11r) ( i f  benzaldehyde. The soluticin \vas boiled 1 .h Iir.. 
allowing ahout hnlf of the solvent to escaape. ilftcr cmling t l i c ,  
siispension, i lie product n-ns collected and washed with metti- 
anol: yield 89 g. ('31r;) of vryst,als, ii1.p. S5--S7", raised on fnrthtar 

: 11, :.;I): s. 5 . 3 .  

nitrile. -\Vhc:n i t  sci- 
liitioii of 21 .!I g. (0.0826 niolc) of unsat.urated nitrilc from thr :  
i)rwediiig qwriiiieiit ~ I I  :io0 nil. of ethyl acetgite was shaken in 
t lie preseiictl o f  :< E. of 10' p:tlladin1ii--i~li:11.cltal under 3.52 
kg./cxi.i ~ j f  Iiydrtrprii, litilr o r  no iiptake was ncit8icaeti iintil 1 1 1 ~  
t cnipcr:i~ i iw o f  th t )  iiiix~ 1 i r ~  t i t i t i  Iircn miaed i o  a h r i f  50.-liOo. 
I heti :i. SIOK p r ~ ~ . i i I e  drtrp of 0.4!1--0.56 kg./c111.! t o ~ ~ l i  p1:~c.e iii 
0.5.-0.7 hr .  .\tworptiriii did nrit - t i i i i  or  even tieconit, :ipprc~ialily 

t t h i l  poini, itrid Iherefore the reactiuii was inierrr~ptetl 
intiniiinp the  :ipplicat~ii)ii o f  heat and alloxing t o  < m i l  
itking for : ibo~i~  1 hr., diiring which time an  :idditiriiii~I 

- 1  

0.07. 0.14 kg./c,in.? pressure drop ~rcc.urred. The crii 
isolated hy filtraiion r i i i t l  evapnratioii of the solution, 

Tritiiration q-ith ether tnnding wvcrai thys .  

l ~ l l ~ l l l d :  (I, 76.7-1; 11, 1i.57; N ,  
rl'he iwction niist  iirc, i n i n  

:r $1 roiig !itlor of nnrine n r  :ti~ii~inni:i. From the oily rnateri;il 
ion of t h e  niajor prodiicl, as deacribetl 
Iliue Iiroducts coiild he isolat,etl. Ttiv 
i t l i i r t a  wx.- incwased, arid the yield of 

:rbo~~e-tler~ribet3 nitrile T V R S  correspondingly lowered, when t ht, 
red~iction \v:i* :ilIonwl to  prnceed p the  point, of ca. 1 molar 
rqiiiv. of hydrogeir iipt:tkr. 
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