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The byiithe& atid adrenal-inhibitory effects of a series of substituted 2,2-diphenethylamines are described. 
Nost of the analogs appear to suppress adrenal steroidogenesis by inhibition of the 11-hydroxylation reaction. 
The introduction of methyl a t  C-2 of the aliphatic side chain of 2 appears to inhibit enzymatic reactions occurring 
early in the biobyiithetic pathway, while the introduction of methyl at C-1 of 1 is followed by a highly selective 
inhibition of aldosterone biosynthesis. 

X number of compounds possess the ability to inhibit 
adrenal corticogenesis by a direct action on adrenal 
st,eroidogenic enzyme systems.2-6 Smong t'hese 
compounds, %-(p-aminophenyl)-2-phenethylamine (2)' 
has been shown to suppress adrenal steroid biosynthesis 
in the rat, dog, guinea pig, and human, presumably by 
inhibition of the hydroxylation reactions occurring at  
C-11, C-17, and C-18.6r8 Because minor modifications 
in chemical structure can produce significant alt'era- 
tions in the spectrum and intensit'y of the adrenal in- 
hibit,i~n,~-l '  we have attempted to correlate t'he struc- 
ture of analogous diphenethylaniines with t,he intensity 
and character of the adrenal inhibition, in an effort to 
develop an agent which would inhibit the synt'hesis of 
all t'he principal adrenal corticosteroids, or which would 
select'ively inhibit aldosterone biosynt'hesis. This re- 
port summarizes the results of our st'udies of the syn- 
thesis of a series of substituted diphenethylamines and 
of their adrenal-inhibitory act'ivity. 

The compounds prepared for testing (1-31) are listed 
in Table I and their testing results are shown in Table 
11. Compounds 4, 6-9, 11, and 12 mere prepared using 
the sequence of reactions shown in Scheme I. The in- 
termediates 32-35 are listed in Tables 111-VI and were 
prepared using the well-established procedures de- 
scribed in the Experimental Section. The sulfone 
and sulfoxide (35h, i) were prepared by t'he oxidation of 
t8he methylthio compound 35f. Compounds 35h and i 
were converted to amines 13 and 14 as were 35a-g. 

Compounds 3, 5, 10, and 15-18 were prepared using 
specific syntheses. The acid-catalyzed condensation 
of 2-nitro-l-(m-nitrophenyl)ethan-l-ol with benzene 
gave 2-nitro-1-(m-nitropheny1)-1-phenethane, which 
mas reduced catalytically to 3. Similarly, the con- 
densation of benzene arid the cyanohydrin of o-chloro- 
benzaldehyde gave (0-chloropheny1)phenylscetonitrile 
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HqCH,NH, I - Curtius HCCH,CO,H 1 HCCH(CO,H), I 
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which was reduced to 5 .  The cyanohydrin of p-tolu- 
aldehyde was converted to a-bromo-(p-toly1)acetoni- 
trile. This with benzene, under Friedel-Crafts condi- 
tions, gave phenyl(p-tolyl)acetonitrile, which on hydro- 
genation yielded 10. Compound 15 was derived simply 
by hydriodic acid hydrolysis of 4. Condensation of 
thiophenol with 2-amino-1-phenethan-1-01 produced 
the thio analog 16. The p-acetyl compound 17 was 
prepared by acetylating S-acetyl-2,2-diphenethyl- 
amine with 1 mole of acetyl chloride in the presence of 
,41C1, and by then hydrolyzing the amide. The syn- 
thesis of 18 is shown in Scheme 11. 

The alkylated amines 19-22 were derived from ( p -  
aminopheny1)phenylacetonitrile (36) as shown in 
Scheme 11. The intermediates 37 and 38 are listed in 
Table VI1 together with appropriate physical constants. 

The symmetrically substituted bis compounds, 23 
and 24, were obtained by reduction of amides or nitriles 
derived from appropriate diphenylacetic acid pre- 
cursors. The analogs 25-27 resulted from the reduc- 
tion of 4-oxo-a-phenyl-2,5-cyclohexadiene-A1ta-aceto- 
nitrile oxinics (or more simply phenylcyanomethyl- 

\ 
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Y . .  
been reported.7 d Fumarate. e Lit." mp 19--194°. j Lit.'; mp 212-215'. 0 Lit." ~ n p  228-2:il" dec. ii \'. S. I)eshpande arid I<. S. 
Xargund [ J .  Karnatak Cniv., 1, 7 (1!1.56); Chein. - l b d r . ,  52, 7183f (1938)] give inp 1'3.1'. I)eshpaiitIe arid Sarguiid" report compuuntl 
is unstable; we find it is hygroscopic.. 1 Analyses coli tently check for aquart er liytlrate. .'I nul. !C131117NOPS.IICl.O.Z.i~~20) C:, 
H. Very hygroscopic. Hemihydrate. Tartrate. ' I  . J. Skerrett, arid 11. Woudcock [ J .  Chern. Soc., : W ) Y  (lD.i2)] give mp 227-228 O .  

0 Lit.17 mp 244-246" dec. p Material supplied by It. 13. Uavia, University of Notre Dame.' q IIelting point taken in it niet a1 block and 
is uncorrected. E. 13. IIodge, 11. C. Bachinati, arid 11. B. Neher [.J. -tin. Phurtn. Bssoc., Sei. Ed., 40, 205 Lit.' m u  291-294" tlec. 
( I W l ) ]  give mp 276-278;. 

enequinone oximes) following the procedure of Davis 
and Benigni.' 

The compounds 28-30, resultiiig from substitutioii on 
the benzhydryl carbon atom of 2, xverc prepared fibom 

the phthaloyl derivative (39) of 36 (Scheme 11). Thc 
iritcrmediates 39 and 40 :\re li*ted in Table T'II. Thc 
analog 31 with a branched mcthyl side chain ~ : t s  niade 
converiiently by reduction of the oxime of 1,l-diphenyl- 
ac e tone. 

Experimental Section12 
Diethyl benzalmalonates (32) (Table 111) \I ere pi epaied from 

(12) Melting points were taken in n Thomas-Hoorer capillary melting 
point apparatus and are corrected unless otliernise specified. .ill compuund-; 
containing a n  asymmetric carbon atom \\'ere isolated and tested as t h v  
racemates. Where analyses are indicated only b y  symhols of the elerrieni ~, 
aualytical results obtained for those elements \\ere within rO.452 of tile 
theoretical valuea. 

diethyl ilialorlate and an appropriately subst itiited berizaldeliydc 
according to the method of Allen and Spanglei.I3 

Diethyl Benzhydrylmalonates (33) (Table IV).--h biiit ably 
sukj3titiited phenyl Grignard reageni was added to 32 using t lit. 
method of Xewnian and Fla i~agar i .~~  The reaction n i i x t i i r ~  w:ih 
>tiired 18--22 hr  prior to hytlioI> 

Benzhydrylmalonic Acids (34) (Table V).--T(J :t SI irretl SI)III- 
tion of 0.22 mole of KO13 in 230 1111 of  HZO was atitled 0.05 mole of 
33 in a small volunie of EtOI-I. The mixture was stirred atid 
heated on a steam bath overnight. The ivoled mixtitre w a s  
extracted with Etr(] and the aqueous layer was cooled and acidi- 
fied with 28 ml cif c~ncentrated IICI. The 1,esulting solid wus 
filtered, washed with H20) and recrystallized. 

3-Phenyl-3-(substituted pheny1)propionic Acids (35) (Table 
VI).-34 myas heated to 190' in an oil bath. The melt was kept 
at this temperatiire flJr 20 niin after the evol~itio~l of co. hitcl 

i I : i i  C. 1;. H. .Illen and I.'. \V. Spangler, "Organic Yyntlieses," Coll. Yul .  

114)  AL. Y. Newman and 1-1. R. Flanagan, J .  O w .  Cirem., 23, ;YE, (liJ.58). 
111, J d i n  5ViIes & Sons, Ino.. New York, N.  T., 1958, p 377. 
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No. 

1 
2 
3 
4 
6 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 

TABLE I1 
RELATIVE ANTIADRENAL ACTIVITIES 

Rat  
Ra t  antialdos- -Isolated rat adrenal- 

cold-stress 
testa 

20 
100 
20 
5 

10 
10 
20 
8 
6 
6 

20 
90 

100 
100 

8 
10 
40 
e 

100 
80 
80 
50 

8 
6 
6 

30 
6 

40 
4 

50 
1 

terone 
assaya 

100 
100 

70 

50 
50 

50 

70 

250 

r0 change in steroid levels from controls 
Bb 

- 87 
- 84 

- 94 
- 84 

- 07 

- 40 

- 46 
- 50 

- 86 
- 54 
- 22 

-9 

DOCC 

+ 542 
+755 

+124 + 122 

$778 

$415 

$90 + 367 
- 455 + 67 

Aldosterone 

- 94 
- 94 

- 90 

d 

-91 
d 
d 
- 79 

Activity expressed in terms of 2 having an arbitrary value of 
100. b Corticosterone. c 11-Desoxycorticosterone. Below 
limits of detection. e Preliminary data indicated an activity less 
than that shown by 2. 

No. 

32a 
b 

d 
e 
f 
g 
h 

C 

R 

P-OCHI 
0-c1 
m-C1 
p-c1 
o-CH, 
m-CH3 
p-SCHz 
H 

TABLE I11 
DIETHYL BENZALMALONATES 

BP % 
(mm), OC yield Formula Analyses 

185-190 (2)a 
160-165 (2) 
160-167 (3) 
162-167 (1-2). 

155-165 (2) 
210-215 (6) 
131-132 (2)' 

145 (2)d 

97 
73 
76 
56 
57 
69 
82 
74 

a A. Horeau and J. Jacques [Compt. Rend., 228, 1873 (1949)] 
reported bp 215-217' (12 mm). b C: calcd, 59.47; found, 60.00. 

E. F. Pratt  and E. Werble [ J .  Am. Chem. Soc., 72,4638 (1950jl 
reported bp 156-158' (1.5 mm). M. S. Newman and RI.  Wolf 
[ibid., 74, 3225 (1952)l reported bp 128' (0.6-0.7 mm). Lit.13 
bp 140-142" (4 mm). 

stopped. The cooled melt was crystallized and recrystallized 
from EtOH-H20 or MeOH. 
3-(p-Methylsulfonylphenyl)-3-phenylpropionic Acid (35h).- 

To a solution of 35f in HOAc (10 ml/g of 35fj was added slowly 
307, H2OZ (5 ml/g of 35f). The solution was stirred and heated 
on a steam bath for 2 4  hr. The product was isolated by pour- 

No. R 
33a p-OCHa 

b m-C1 
0 p-c1 
d 0-CH3 
e m-CHs 
i p-SCHa 

g p-CFa 

TABLE I V  
DIETHYL BENZHYDRYLMALONATES 

C6H5kHCH(C0,Et), 
Mp or bp  Recrystn % 
(mm), OC solvent yield 

198 (3) 73 
48-49 EtOH-Hz0 43 
58-59 EtOH-H?O 33 

132-195 (3)b 44 
53-54 Hexane i 2  
54-56 EtrO-petr 51 

83-84 Petr ether 64 
ether 

Formula Analyses 

CziHziC10~ C, H, C1 
CzoHziClOA C, H ,  C1 

C21H2406a 

CZlH24O4 
C21HUO4 C , H  
CziHuO4S C, H, S 

CnHziFaOr C, H 
a Subsequent thin layer chromatography showed this material 

to contain another component. b Lit. (footnote d in Table 111) 
bp 182-186" (0.9-1.5 mm). 

NO. 

34a 
b 

d 
e 
f 
g 

C 

R 
p-OCHa 
m-C1 
p-c1 

m-CHa 
8-SCHa 
p-CFa 

O-CH3 

TABLE V 
BENZHYDRYLMALOKIC ACIDS y 

C,H5CHCH(COOH)2 
Recrystn % 

Mp, 'C solvent yield Formula Analyses 
177-180a CHCla 50 ClrHlsO6 
162-164 EtOH-HI0 94 CiaHiaClOi C, H, C1 
180-181 EtOH-Hz0 32 C d h C l O 4  C, H,  C1 
182' EtOH-Hz0 67 CiiHi604 
173-174 EtOH-Hz0 64 C17H1604 C , H  
181-182 EtOH-Hz0 98 CrrHiaO4S C, H, S 
174-176 EtOH-Hz0 66 CiiHiaFaOd C, H 

a L. Baillon [Ann. Chim. (Rome), 15, 61 (1921)] reported mp 
178". Lit. (footnote d in Table 111) mp 182.4-182.8'. 

No. R 
35a p-OCHa 

b n-C1 

c p-Cl 
d 0-CHa 
e m-CHa 

TABLE VI 
3,3-DIPHENYLPROPIONIC ACIDS 

Recrystn % 
Mp, OC solvent yield 

123-125a EtOH-Hz0 96 
99.5-100 CClr-petr 79 

ether 
105-106 EtOH-Hz0 59 
126-129 EtOH-HZ0 53 
111-112 EtOH-Hz0 95 
142-143b EtOH-Hz0 91 
99-100 EtOH-Hz0 96 

Formula Analyses 

ClsHisClOz C, H, C1 
Cl6Hl608 

ClsHiaClOz C, H, C1 
CleHleOZ C, H 
Cl8H16Oz C. H 
CiaHisOzS C ,  H, S 
CisHiaFaOz C, H 

f p-SCHa 
g p-CFa 
h p-SOzCHa 150-154' EtOH-Hz0 94 CiaHisOiS 
i p-SOCHa 161-163 NeOH 90 CiaHisOsS C , H , S  
a Lit. (footnote a in Table V) mp 123-125'. This compound 

has been prepared by the acid-catalyzed addition of thioanisole 
to cinnamic acid, mp 122': V. N. Deshpande and K. S. Nargund, 
J .  Karnatak Cniv., 1, 1 (1956). This method when used in our 
laboratories gave 35f in 65% yield, mp 135-137'. Lit. (refer- 
ence in footnote b )  mp 116". 

ing the reaction solution into several volumes of cold H 2 0  and 
filtering the resulting solid. The solid was washed with H,O 
and recrystallized. 
3-(p-Methylsulfinylphenyl)-3-phenylpropionic Acid (35i).-A 

solution of 5 g (0.018 mole) of 352 2.04 ml (0.018 mole) of 307; 
HzOZ, and 30 ml of HOAc was stirred overnight a t  room tem- 
perature. The solution was diluted with HzO and cooled; the 
resulting solid was filtered, waahed (HtO), and recrystallized; 
yield 4.6 g. 

2-Phenyl-2-(substituted phenyl jethylamines (4, 6-9, 11-14) 
(Table I).-Compound 35 was converted to an acid chloride or 
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C',H CHCS ( , H CHCN C,H,CHCHINH- 
36 37a, 1t = SHCOzEt 18, I< = SHCOC13~~ 

b, R = NHCOCHj 
c, 1% = NHCO- 

19,l: = X(CH3)r 

11 NHR 
I I 

I ,K' 
'C'S 

(', H ,C 
I 

C,,H CCH KH 
\ -  R' 

mixed anhydride. Usiiig the "wet KaN," met,hod of Kaiser, 
et  ul.,'5 t,he acyl derivative5 were converted to acyl azides. The 
azides were subsequently rearranged and hydrolyzed to the 
amines. These procedures have been described fully.'j 
2-Nitro-l-phenyl-l-(mmitrophenyl)ethane was prepared from 

9.7 g (0.046 mole) of 2-nitro-l-(m-nitrophenyl)ethan-l-ol,16 13 
ml of C&, and 31.1 nil of 3% oleum using t,he method of 
IIass, et ~ 1 . ~ 7  The isolated oil was chromatographed on a silica 
gel (100-200 mesh) column with cyclohexane-Et,OAc (4: 1 by 
volume). A yellow oil was obtained from the eluates; it weighed 
11.1 g (89%). The oil was homogeneous when stitdied by thin 

layer chrornat,ography (silica gel (2, fi'i 0.6, cyc1ohes:iiie -l<;t,( ). \c 
2 :  1 by volume). Anal. (C14HlzK204) C, 11, N. 
2-(m-Aminophenyl)-2-phenethylamine Fumarate (3):- --A S ( I -  

lution of 17.1 g (0.063 mole) of the above dinitro coinpoiiiid in 
Et013 was hydrogeiiated with Ra(Xi) as described by Ira 
coworkers.li The resiilting product was distilled to give it 

oil, bp 160-165" ( 2  rnni). The oil was dissolved iii EtOAc, diliited 
~ i t h  Et20, and t,hexi diluted agaiii with a satiiral ed ethereal 
soliition of fiimaric acid. The precipitated salt w a s  filtered niid 
recrystallized twice, yield 4.6 g. 
Substituted Benzaldehyde Cyanohydrins.-ITsiiiy the direr- 

1 Schofieldls the benzaldehydes were converted 
onding cyaiiohydriiis: o-chlorobeiizaldehyde 
50.5-52" (Cs€Ie-petroleiirii ether (bp 30--6O")), 

71 :h ( A n a l .  (CSI€&IXO) C, 1-1, K); p-toliialdehyde cyaiiohy- 
driii, mp 63.5-64" (C6Hti-petroleurii ether), SI.(:; i,lna/. ((?!,- 

o-(Chloropheny1)phenylacetonitrile.-To a solution of 37.2 g 
(0.22 mole) of o-chlorobenxaldehyde cyanohydriii in 80 nil of tlrj- 
C6116 m-as added dropwise 46.2 nil (0.33 mole) of 47:;) RF, iir 
%O. The reaction mixtiire was kept a t  T O "  for 3 hr and stirred 
at, room t,emperatiire for 66 hr. The mixtiire was washed ( H 2 0 ,  
400 ml of 105,  NaPC03, twice with 400 ml of IO('i ?JaFISOs, 
t\vic:e with 400 ml of TTrO). The organic phase was dried (N:ir- 
S o d )  mid concentrated. The residiie was distilled give S.2 g 
116'; of ~ ) i ~ o d i i c i ,  hp I . i &  l ( i 1 °  (2 nini) [lit.'$ 111) 1:39' (0.7.i 
1 I I r l l ) j .  

24 o-Chlorophenyl)-2-phenethylamine Hydrochloride (51 .~-  ..i 
mliitioii of 8.2 g (0.033 mole) of (o-chloropiieiiyl)phenyl:tc:eto~~i- 
trile in  lIeC)t€ satiirated with NII3 was reduced at 33" :mt i  70 
kg/'cinz of I lz  in the presence of (1ia)Ni. The catal 
moved and the filtrate was evaporated. The residue ww (lis- 
solved iri Et20 and ihe hydrochloride was precipitated wi th  
1lC1. 

Phenyl(p-toly1)acetonitrile.-A mixtiire of 60 g (0.47 illole) ( 1 1  
p-toliialdehyde cyanohydrin aiid PBr3 in dry CsIIo was alloac~l 
to react itsing the procedure described by Shirley.20 The resiilt- 
iiig or-bromo-p-tolylacetonitrile, without purification, was treated 
with CsHG and A1Cl3 as reported by 9hapiroz1 t,n give 49.9 g HOy;,) 
of product, mp 59-61" (lit.*l 61"). 
2-Phenyl-2-(p-tolyl)ethylamine Hydrochloride (lo).- -Phenyl- 

ip-tolyl)acet,onitrile (20.7 g, 0.1 mole) was added t,o a stirred SIIX- 

peiisioii of LiAlH4 arid MCla (1 .I  moles,/niole of iiiti,ile) iri 1 5 t n 0 .  

TJ9NO) C, €I, N).  

llecrystallizat~ioii of the salt gave 4.7 g of 5. 

(15) C. Kaiser, B.  M .  Lester, C. L. Zirkle, A. Burger, C. S. Davis, T. .J. 

(16) L. Canonica and C. Cardani, Gazr. Chim. Ital., 79, 262 (1949). 
(17) H. B.  Hass, M.  B. Neher, and R .  T. Bliokenstaff, Ind. Eng. Chem.. 43,  

Delia, and L. Zirngibl, J. & f e d .  Pharm. Chem., 6, 1243 (1962). 

2875 (1951). 

18) E J.  Uford  and K. Schofield, .I. Chem. Soc.,  2102 ( l K 2 ) .  
19) Q. F. Soper, U .  S. Patent 3,063,822 (Sept 15, 1960). 
(20) D. A. Shirley, "Preparatlon of Organlc Intermedlnteq," John W ~ I P V  A, 

(21) n. Shapiro, J .  Org. f'hrm., 14, 839 (1949). 
Sons, Inc., Kea  York, X. Y., 1951, p 136. 
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The conditions used were reported by  Systrom.22 The purified 
amine salt weighed 11.5 g. 
24 p-Hydroxyphenyl)-2-phenethylamine Hydrochloride (151.- 

A solution of 2.4 g (9 mmoles) of 4, 12.5 ml of HI, and 12.5 ml of 
HOAc was refluxed and stirred for 6 hr. The solution was poured 
over ice, made basic with 10yo NaOH, and extracted with EtOAc. 
The combined organic layers were washed with HzO, dried 
(Na2S04), and saturat,ed with gaseous HC1. The precipitated 
salt was filtered and recrystallized, yield 230 mg. 

2-(p-MercaptophenyI)-2-phenethylamine Hydrochloride (16). 
--Using the reaction conditions and method of isolation reported 
by Kappe and A r m s t r ~ n g , ~ ~  a mixture of 11 g (0.08 mole) of 2- 
amino-1-phenylethan-1-01, 9.9 g (0.09 mole) of thiophenol, and 
,78 nil of 6 -1- HC1 led to the eventiial isolation of 2.2 g of pure 
16. 
N-Acetyl-2-( p-acetylphenyl)-2-phenethylamine.-A solution of 

20 g (0.1 mole) of 2,2-diphenethylamine in H20, containing 
sufficient HC1 to keep the amine dissolved, was treated a t  0" 
with 20 ml of AczO and enough NaOAc to bring t,he p H  to 5-6. 
The mixture was stirred for 2 hr at  0" and overnight a t  room 
temperature. Additional NaOAc was added t,o keep the p H  a t  
5-6.  The mixture was diluted with (H20)  and cooled. The 
Lolid N-acetyl-2,2-diphenethylamine was filtered, washed with 
H,O, and dried, mp 85-87" (lit.24 mp 88"), yield 10.4 g (43%). 

To a ,stirred mixture of 9.5 g (0.04 mole) of K-acetyl-2,2-di- 
phenethylaniine, 16 g (0.12 mole) of AlC13, and 50 nil of CSZ 
below 0" was added dropwise 2.6 ml (0.036 mole) of AcCI. The 
solution was stirred for 2 hr in the cold, warmed to room tem- 
perature, and poured into a mixture of ice and concentrated HCl. 
The layers were separated and the aqueous layer was extracted 
with CHC13. The combined organic layers were washed with 
H 2 0  until neutral, dried (?ia2S04), and concentrated to  a brown 
oil, which crystallized when t,riturated with C6H6-petroleum ether. 
Recrystallization from the same solvents yielded 8.2 g (S9Yc) of 
white crystals, nip 142-144'. Anal. (C18H19N02j C, H, X. 
2-(p-AcetyIphenyl)-2-phenethylamine Hydrochloride Hemi- 

hydrate (17).--A mixture of 2.6 g (9.3 mmoles) of K-acetyl-2- 
(p-acetylphenyl)-2-phenethylamine and 30 ml of 6 9 H2SO4 
was stirred and refluxed for 2.3 hr. The mixt.ure was diluted 
with H20, made basic, and extracted with CsHs. The extracts 
were washed (H,O), dried, and saturated with dry HCl to pre- 
cipitate crude 17. Recrystallization gave 980 mg of piire prod- 
iict. 
N-Acyl-(p-aminopheny1)phenylacetonitriles (37a and ~). -~4 

slight excess of the requisite acylating agent was added to a 
stirred mixture of 367 in E t 2 0  and saturated aqueous SanCOa. 
The mixture was stirred at room temperature for 4-6 hr. The 
layers were separated and the EtzO was washed (H20),  dried, and 
evaporated. The residue was recrystallized. 

(p-Dimethy1aminophenyl)phenylacetonitrile (37d).-To a sus- 
pension of 0.4 g of prereduced PtO2 in 200 ml of EtOH was added 
25 g (0.12 mole) of 36,' 10 ml of concentrated HCl, and 19.5 g 
(0.24 mole) of 37yG aqueous CH20. The dark red soliit,ion was 
reduced under 3 atm of H,, the catalyst, was filtered, and the 
filtrate was evaporated. The residrie was diliited (H,O), made 
basic, and extracted wit,h C&. The extracts were washed (H20), 
dried (K2CO$), and concentrated to an oil. The oil was acety- 
lated by refluxing for 30 min with 28 ml of HOAc, 24 ml of Ac20, 
and a trace of zinc dust. The resulting mixture, which contained 
the product and the amides of any contaminating primary or 
secondary amines, was decanted from the zinc into a beaker of 
ice-HaO. The mixture was extracted wit,h C& and the extracts 
were washed (10% SaOH, HtO, dilute HC1). The acidic washes 
were extracted with Et20 to give a clear, yellow aqueous phase. 
The aqueous phase was made alkaline with 107, NaOH and the 
resulting mixture was extracted (CHeC12). The CH2Cl2 phases 
were washed (H,O), dried, and evaporated to a solid residue 
weighing 19.6 g. Recrystallization of the solid from EtOH gave 
14 g (SOYL) of product, mp 100-102". 
Substituted Diphenethylamines (18, 19, 24, 27, 38a and b).- 

Compounds 37bZ6 and d were hydrogenated in MeOH saturated 
with SH3 at 80" and 70 kg/cm2 of H2 in the presence of (Ra)Ni. 
a f t e r  the catalyst and solvent were removed, 18 was solidified by 
trituration with EtZO. Crude 19 was obtained as an oil which 
distilled a t  170" (1 mm). The distillate solidified and melted at, 
72-75'. 

(22) R. F. Kystrom, J .  Am. Chem. Soc., 77, 2544 (1955). 
(23) T. Kappe and AI.  D. Armstrong, J. Ory.  Chem., 29, 826 (1964). 
(24) J. Levy and P. Gallais, Bull. SOC. C h i n .  F ~ R ~ M ,  43,  862 (1928). 
( 2 5 )  G. N. Wdker,  .I. Org.  Chew&., 27, 1929 (1962). 

Compound 37a and c were hydrogenated under the same con- 
ditions as 37b and d except, that  T H F  was used as a solvent. 
After suitable acid extractions, the crude products were induced 
t,o crystallize by trituration with petroleum ether. 

Bis(p-tolyl)acetonitrileZ6 (12.6 g) and (p-aminopheny1)-p- 
tolylacetonitrile (0.1 mole) were reduced in a similar fashion. 
Compound 24 was converted directly to a hydrochloride with 
ethereal HC1. Crude 27 was distilled a t  200-205' (1 mm) to 
give 13.1 g (58%) of oil which was converted to a dihydrochloride. 
24 p-Alkylaminophenyl)-2-phenethylamines ( 20-22).--4 solii- 

tion of the S-acylaminodiphenethylamine (18, 38a, or 38b) in a 
mixtiire of Et20 and T H F  was added dropwise to a stirred sus- 
pension of LiAIHa in Et20 (containing 5 moles of hydride;mole 
of amide or carbamate being reduced). The mixtiire was stirred 
iinder reflrix overnight and cooled. The excess hydride was 
decomposed with H20 and 10% S a O H  and the resiilting grariular 
precipitat,e was filtered and washed with EtZO. The combined 
filtrates were evaporated and the residual oil was distilled giving 
20, bp 160-170" (1 mm); 21, bp 190-200O (1 mm) ;  and 22, 
bp 215-220' (0.5 mm). 
2.2-Bis(?~-chloroohenvl~ethvlamine Hvdrochloride (23).-A 

sohition i f  8 g (0.02s6' mile) of 2,2-dis(p-chlorophenyljacet- 
amidez7 in 75 ml of dry Et20 was added dropwise t,o a stirred 
siispension of LiAlHa and AlCh (prepared by adding 4.5 g of 
AIC1, in 50 ml of Et20 to 1.5 g of LiAlH, in 35 ml of EtZO). The 
mixture was stirred overnight at, room teniperat,iire and the com- 
plex was decomposed with 5 ml of H,O and enough 40% S a O H  
to make the mixtrire basic. After being stirred for 1 hr, the 
solid was filtered and washed wit,h Et&. The Et,O was washed 
(H20), dried (KyC03j, aud evaporat,ed to an oil. The oil was 
dissolved in E t 2 0  and the hydrochloride was precipitat,ed with 
ethereal HC1. 
2-( p-Aminophenyl)-2-(p-chlorophenyl)ethylamine Dihydrochlo- 

ride (26).-A methanolic solution of p-chlorophenylcyanomethyl- 
ene quinone4xime28 saturated with NH3 was hydrogenated a t  
70 kg/cm2 in the presence of (Ra)Ni a t  55' until the uptake of 
H, was complete. The 
catalyst was filtered and the filtrate was evaporated. The gummy 
residue was dried by azeotropic dist'illat,ion of absolute EtOH 
and was dissolved in EtOAc. This solution was satiirated with 
dry HC1. The salt, was filtered and dissolved in HZO. The 
aqueous solution was basified to precipitate a semisolid, which 
was dissolved in EtOAc. The EtOAc was washed with 1120, 
dried, and concentrated. The concentrate was saturated wit,h 
HC1. The salt was filtered, suspended in hot n-BiiOH, and 
cooled. The resulting pale yellow solid was filtered and recrystal- 
lized to give off-white crystals. Concentration of the butanolic 
filtrate followed by dihition with EhO or EtOAc yielded a very 
hygroscopic solid. 

4-Oxo-~-(p-tolyl)-2,5-cyclohexadiene-~1~~-acetonitrile Oxime. 
--Using the procedure of Davis, et a1.,z8,29 0.19 mole of p-tolyl- 
acetonitrile was converted t o  the corresponding quinone oxime 
in 87% yield, mp 170-171..j0 dec (CsHJIe). Anal. (Cl6HI2- 

(p-Aminopheny1)-p-to1ylacetonitrile.-Reduction of 34.2 g 
(0.14 mole) of p-tolylcyanomethylene quinone oxinie with Zn-Hg 
in aqueous HOAci gave 22 g (71%) of the aminonitrile, nip 100- 
102" (EtOH). 9naZ. ( C I ~ H I & ~ )  C, H, W. 
N-PhthaIoyl(p-aminopheny1)phenylacetonitrile (39).--8 mix- 

ture of 140 g (0.5 mole) of 36,7 74 g (0.5 mole) of phthalic an- 
hydride, and 2500 ml of CGHsMe was heated and stirred so that 
t,he HzO formed during the reaction was removed by azeotropic 
distillation (cu. 18 hr). The solution was cooled to room tem- 
perature and the precipitate was filtered. The filtrate was taken 
to dryness and the combined solids were recrystallized (DhIF- 
H20) to give 154 g (91 %) of 39, mp 221-222". 
N-PhthaIoyl-2-(p-aminophenyI)-2-phenylpropionitrile (40a).- 

To a st,irred suspension of 6.8 g (0.02 mole) of 39 in 7.5 ml of dry 
D U F  was added 1 g of a 53.3T0 mineral oil dispersion of 
NaH. The suspension was immediately converted to a dark 
brown solution (slightly exothermic). A solation of 4 ml of Me1 
in 15 ml of dry D M F  was added fairly rapidly, whereupon the 
brown color was discharged and a pale yellow solution was pro- 

Higher temperatures led to loss of C1. 

3 ' 2 0 )  C, H, N. 

(26) R .  F. Bronn and N.  AI. van Gulick, .I. Am. Chem. Soc., 77, 1083 
( 1955). 

(27) E. J. Skerrett and D. Woodcock, J. Chem. Soc., 2718 (1950). 
(28) R. B. Davir, L C .  Pizzinii, and 3 .  D. Benigni, J. Am. Chrm. Soc., 83, 

(29) R. R. Davis, L, C. I'izzini, and E. .J. Bara, J. Org.  Cliem., 26, 4270 
2913 (1960). 

(1961). 
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Except for 2, 12-14, and 19, aromatic substitution of 
diphenethylamine (1) did not intensify the in vivo inhi- 
bition or alter the character of the in vitro suppression. 
These analogs of 1 were approximately five times more 
potent than 1 in preventing the increase in peripheral 
plasma corticosterone in rats exposed to cold. Al- 
though 2, 13, and 19 depressed corticosterone synthesis 
in the isolated rat adrenal preparation, they also caused 
a compensatory increase in 1 1-desoxycorticosterone 
(DOC). These findings suggest an inhibitory effect on 
1 1-hydroxylation similar to that produced by a known 
11-hydroxylase inhibitor, 2-methyl-1,2-bis(3-pyridyl)- 
1-propanone (methopyrapone) .39,40 10 mas one- 
third as active as 1 in the cold-stress test, but was al- 
most as active as l in the antialdosterone assay. This 
relationship persisted in the isolated rat adrenal system 
where minimal DOC accumulation was found a t  inhibi- 
tor concentrations of 10 that maximally suppressed 
corticosterone. Thus, the introduction of a p -  
methyl group into 1 appeared to minimize the ll-hy- 
droxylase inhibition without adversely affecting other 
enzyme-inhibiting activities. 

Introduction of a methyl group at  C-2 of the aliphatic 
side chain of 2 (28) decreased potency in vivo and altered 
the profile of inhibition in vitro. Compound 28 de- 
creased corticosterone and aldosterone, but did not 
significantly affect DOC. Amphenone has been 
f o ~ n d ~ ~ l ~ l  to produce similar changes in vitro. These 
changes are consistent with an inhibitory action oc- 
curring early in the biosynthetic pathway. Prelimi- 
nary adrenal vein studies in the dog with 28 indicated a 
similar inhibitory action because the secretion rates of 
Porter-Silber positive material and DOC were sig- 
nificantly reduced. In  contrast, the n-butyl (29) and 
benzyl (30) analogs resembled 2, because the decrease in 
corticosterone was invariably accompanied by an 
increase in DOC in vitro. 

Introduction of a methyl group at  C-1 of the aliphatic 
(39) J. Roche, R. Michel, P. Jouan, and M. Cormier, Bull. SOC. Chim. 

(40) W. A. Zuccarello and G. J. Frishmuth, unpublished observations. 
(41) G. Rosenfeld and W. D. Bascom. J. Bzol. Chem., 222, 565 (1956). 

B i d . ,  42, 913 (1960). 

side chain of 1 (31) caused a highly selective inhibition 
of aldosterone in vitro. At concentrations which max- 
imally suppressed aldosterone, no significant decrease 
in corticosterone or increase in DOC was evident. 
These in vitro observations could be correlated to the 
in vivo findings. 31 was essentially devoid of activity 
in the rat cold-stress test a t  oral doses as high as 100 
mg/kg, suggesting minimal effects on corticosterone 
production. The enhanced activity of 31 in the anti- 
aldosterone assay is also consistent with aldosterone in- 
hibition. Compound 31 caused a marked natriuresis in 
the sodium-depleted rat a t  oral doses as low as 20 
mg/kg; it did not increase sodium excretion in saline- 
loaded adrenalectomized rats. Adrenal vein can- 
nulation studies in dogs with aldosteronism secondary 
to constriction of the thoracic vena cava showed that 31 
decreased aldosterone secretion rates, but did not alter 
cortisol or DOC secretion rates. However, 31 did not 
evoke a natriuretic response in the caval dog at doses 
which produced side effects. In  other studies, 31 did 
not alter corticosterone levels in dexamethasone- 
blocked, ACTH-treated rats, and it did not suppress 
the peripheral plasma levels of Porter-Silber positive 
material in ACTH-treated intact guinea pigs.42 Fi- 
nally, 31 was without effect in the metacorticoid hyper- 
tensive rat.43 
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(42) These data suggest tha t  S 1  has a minimum inhibitory effect on 11- and 
17-hydroxylation. 
(43) Because aldosterone secretion is reduced in these animals, it would 

appear that  31 has minimal direct natriuretic activity and no hypotensive 
activity. 


