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A number of diphenylpropylamines and diphenylbutyviamines with and without branched side chains were

prepared as specific inhibitors of aldosterone biosynthesis.

The adrenal corticosteroid inhibiting activity of the

compounds was measured in one or more bioassay systems. Many of the compounds were found to be moder-
ately potent, specific inhibitors of aldosterone biosynthesis.

In a previous study,! we found it difficult to correlate
the structure of 2,2-diphenethylamines with their ability
to inhibit adrenal corticosteroid biogenesis. Simple
changes in aromatic substituents profoundly affected
the profile of biological activity. One compound, 2-
amino-1,1-diphenylpropane (28), appeared to be a
potent and specific inhibitor of aldosterone biosyn-
thesis,

The diphenylalkylamines (1-23) listed in Table I
were prepared to study the relationship between side-
chain length and branching and the ability to selectively
inhibit aldosterone biosynthesis (Table II).

The diphenylalkylamines 1-3, 5, 7-9, and 18-20 were
prepared by lithium aluminum hydride reduction of a
suitable amide precursor (Chart I, method A). Prep-
aration of the m- and p-chloro analogs in a similar
fashion from 24i and j was unsuccessful because of the
concomitant loss of ring chlorine. Compouunds 4, 6,
and 13-17 were prepared from benzophenones and alkyl-
nitriles as outlined in Chart I (method B); 5 and 8 were
prepared by both methods, and 10 and 11 were prepared
by oxidizing the N-acetyl derivative of 9 and hydrolyz-
ing the amide.

Repeated attempts were made to prepare 12 using a
sequence of reactions comparable to those shown in
method B. p-Acetamidobenzophenone did not react
with acetonitrile for us under conditions identical with
those which produced the hydroxynitriles 25. At-
tempts to form the same intermediate using Reformat-
sky conditions were also unsuccessful. However, the
Reformatsky reaction was successful when ethyl
bromoacetate was used. The hydroxy ester was hy-
drolyzed with base to the hydroxy acid and dehvdrated
to the cinnamic ester. Hydrolysis of the unsaturated
ester or dehydration of the hydroxy acid vielded the
cinnamie acid in very poor vield. To some extent, the
poor yield was the result of decarboxylation of the cin-
namic aeid, as evidenced by the isolation of (p-acet-
amidophenyl)phenylethene. Similar results have been
noted by others.? The ethene was identical with ma-
terial obtaiued from the reactions described below.

Alternatively, the synthesis of 12 was attempted
starting with (p-aminophenyl)phenylacetic acid and
using the following sequence of reactions. The acid
was esterified, the ester was reduced with hydride to the
amino aleohol, the amino aleohol was N-acetylated,

(1) W. A. Zuccarello, BB. Blank, G. J. Frishmuth, 8. R. Ccohen, D. Scarica-
ciottoll, and F. F. Owings, J. Med. Chem., 12, 9 (1969).

(2) D. 8. Noyce, 8. K. Brauman, and ¥. B. Kirby, J. Am. Chem. Soc., 87,
4335 (1965).

and the amido alecohol was tosylated. Attempts to dis-
place the tosyl group with evanide in refluxing acetone
or EtOH or in DMF at room temperature yvielded
unchanged starting material. Heating the cyanation
mixture in DMF caused the tosylate to disappear (fol-
lowed by tle). The resulting product was predomi-
nantly (p-acetamidophenyl)phenylethene formed by
the intramolecular loss of tosylate.

The desired 3-(p-acetamidophenyl)cinnamonitrile
was finally obtained from the Wittig-type reaction of
p-acetamidobenzophenone with diethyl eyvanomethyl-
phosphonate in the presence of sodamide. Hydro-
genation and hydrolysis of the cinnamonitrile gave 12.
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R
X
(‘“H;(‘\ R
CH(CH.1,N
R
Reery=tu o
N, R Rt R R XN 1 I, e =0lvent MeUonl  yiebd Ioriauls Ndy=es
1 1t 1t H 11 1t t 217218 O =150 A 1 CllN - HCL «
2 H H Calls 1t 1 1 162-163 O H- Bt A G0 Cullg N HCL ¢, M, LN
3 H H CHs CHy H 1 169-17¢" EtO H-1ts A G2 CirHaN - HCL Coll
4 p-Cll; 1 H 1t 1 t 178-180 MeCO-BtO1-- 1 50 CiellN - HCL oL CLN
EGO
m-C g 1t H 1t 1t 1 1881110 EOH-E1.0 A 35 CrallnN 1L ¢ LL CLN
Ty2-194 5 86
G »-Clls tH 1t I 1 1 10219 O EtO L a8 h UM N
7 n-Cls 1l 1 1t H ! 191192 EOAe-PE! A o CieHpFaN - HCL (SR
8 p-OClly It 1t 1t 1t 1 178-171" EtOHU-~EGo iz 76 CrsHXNO- et LGN
11 [§1=3
1 p-NCllg 13 1t 1 H t 1Ty-151 10O H= 3120 A 10w ClallaNs Ll Coth LN
lo p-SOCH; 11 1 i 11 1 ! FLOH-Et-0 (CrelliaNOSja CollgOa™® ¢ 1L N
1t 2-R0:C 1, 1t I3 1t 1t I / EtOH-Xt0 SH) CigHaNOas - HCH 1 CLN
12 n-N 1y 1§ 1t 1 1§ 1 207" MeOH-EtO 4~ 55 Crsbla Ny 2HCH CoIL LN
13 m-Clly 11 H 1 ol 1 205-207 AMeOl-12t.0 I T (CuslaN 02 Ol LOp? COHLN
10 o-C'H 1 1t H Ott 1 HG-117 MeOH-H-0 4 It CislliaNO CoILN
13 1 Cully 11 1 Ot 1 132135 AMeO =110 B 81 CrHNO CUHLN
16 1 CHa 1 1t 11 1 248250 n-CeHeO 1L I [ CrelTinN - 2CE CoLCLN
1 1" Calls 1 1t 1t 1 233-235 110 H-EtaO It 7 Cirtla N HCL CoML LN
13 i1 1t i 1t 11 2 147-198 O H-Ets \ Tl CalinN - 1Ol COH O N
[tH 1 11 Clls 1 1t 2 lo2-163 EtOH-1t0 \ T CortlaN - HCE CoLL LN
20 11 1t Oy Clly 1 2 153-174" EtOH-1Et0 A 71 CrsbN - HCE Cl
21 p-Ol1 Clly 1t 1l )t » 143264 F-Csl-O =110 2 CiHisNO - 1 ¢ Ol N
22 p-Cly CHy 1 1t H 0 267 ErOAe-PE 11 CeHisl'sN - 1O ¢ LN
233 1t CHa 1 it Clly 0 297-228F EtOH 10 Cis N - 1! oot

“ W. J. Gensler and J. C. Rockett [J. stm. Chem. Soc., 77, 3262 (1955)] report mp 218-219.5°. * J. Klosa und H. Starke [East Ger-
wman Patent 33,285 (Dec 5, 1964); Chem. Abstr., 63, 11579f (1965)] veport mp 166-168°. ~ T'he free hase has been reported by K.
Harsanyl, D. Korbonits, P. Kiss, L. Tardos, nud G. Leszkovszky, Hungarian Patent 151,020 (Dec 1063); Chem. Absir., 60, POLYTe
(1064). < Turtrate. ¢ H. Lettré and K. Wick [4nn., 603, 189 (1957)] report mp 178-179°. ¢ Too liygroscopic to be taken.  « Hemi-
hydrate. * With decomposition. * V. Seidlova, J. Metysova, F. Hradil, Z. Votava, and M. Protiva, Cesk. Faem., 14, 75 (106515
Chem. thstr., 62, 1170gh (1965)] report mp 153-154.5°. 7 Taken in u metal block and is nuncorrected.  * 11, Zangg, M. Freifelder, and
B W. Hovvom [J. Org. Chem., 15, 1191 (1950)] report mp 224-225°. ¢ PE = petrolenm ether (bp 40-60°).

Tawe N Compound 21 wuas obtained by the acid-catalyzed
ANTIADEENAL ACTIVITIES contlensation of phenol with 2-amino-1-phenylpropan-
Hat Rut auti-  lsolated rat adrenal, % change in 1-0l, using the conditions described by IKappe aud
“’('1 (‘(1:01“ “steraid level from °°“t§‘l‘(1l:_ Armstrong.*  2-Amino-1-phenyl-1-(p-trifluorontethyl-
N test? dssay? 13 DOCT terone phetyDpropane (22) was obtained in four steps from
| - + —50 4400 —q1 a-phenoxypropiophenone, using a method described
2 - + —44 d — %4 by Wright and Gutsell.* The propiophenone, when
4 - treated with p-trifluoromethylphenylimagnesium bro-
3 - = —~ 34 -2 —90 mide,  gave  2-phenoxy-1-phenyl-1-p-trifluoromethyl-
b + phenylpropan-1-ol.  Dehydration of this tertiary al-
‘ + —47 T =0 coliol with acid yielded the phenyl enol ether of a di-
‘:I B j: _"J;; ii‘j’r :t:“)] phenylpropanone, \\'h%ch was simultanteously hydrolyzed
" N i 2000 _“ to l—pheu_\il—l—p—trlﬁuo1‘omethylphel1)'.lpropm‘1—2-01w.
I N The propanone was converted to the oxime x‘vlnch‘\\‘:xis
1 + 70 o —04 hydrogenated in poor yield to 22. S-Ammo—‘.’,‘_’-.dl-
7 + phenylbutane (238) was obtained by catalytic reduction
18 + of the oxime derived from 2,2-diphenylbutan-3-onc.
19 - Reduetion of this oxime proceeded poorly also, und
20 B2 much unchanged starting material was recovered.  We
21 - - feel that the conditions developed by Staskun and van
2 - Es,® which we used previously! to prepare 28, would
* 4 — 4 - liave been more satisfactory for the preparation of 22
- ++ —9e +670 -7 and 23.
+ -k — 87 4542 —04
© o=, active; s, weak activity; 4, moderate activity;
4+, potent  acivity. ® Corticosterone, Ll-Deoxycortico- G 1 Ruppe and ML D Annstrone., /. Oy, Chens, 38, 820 (1G L
stevove. 4 Not detectable. ¢ No statistically significant (P - SO B Weigh U aad FS0 Guesells L Lt Chene Soe.. 81, 5100 (Daitly,

10.05) difference from control. 301 Nk woed Ul v e L Claap, S, 055 (GG
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TapLe 111
DIPHENYLALKYLAMIDES

R
C.H,CHCH,-A
Recrystn %

No. R A Mp, °C solvent yleld Formula Analyses
2435, H CILNHCOCIH, 101-102¢ CsHePEs 64 C;H;4NO C, 1

b m-Cll; CONH; 64-65 Et,0-PE 50 CisH\yNO? C,H, N

¢ p-CFs CONH, 91-93 CHe-PE 83 CisHi . F;:NO C,H, N

d p-OCH; CONH, 140° EtOH 99 CisHyNO;

e p-SCH; CONH, 136-138 EtOH-H.0 60 CisHiyNOS C,H,N, 8

f p-SCH; CH,NHCOCH; 87-89 MeOH-H.0 53 CisHaNOS C,H, N, S

g p-SOCH, CH,NHCOCH; d 35 CisHaNOS? C, N

h p-S0.CH; CH,NHCOCH; e 89 CisHaNOsS

1 m-Cl CONH; 71-73 Et;O-PE 48 Ci:Hi.CINO C, HCIL N

i p-Cl CONH: 112-113 MeOH-H,Q 42 Ci:Hi CINO C, H,C, N

k H CON(CH;), 113-1147 Hexane 80 CyH oNO

I H CH,CONH, 76-78 CsH;Me-PE 76 CieHi:NO ¢, H, N

nm 1T CH.CONHCH; 99-100 CsH;Me-PE 63 CyH\o2NO C,H N

1 H CH,CON(CHs), 100-101 CsH;Me-PE 51 CysHauNO C,H,N

O H (CH?)2NHCOCH3 100-102 CsHs—PE 62 C13H21NO C, H, N

* K. Harsanvi, K. Takaco, D. Korbonits, L. Tardos, G. Leszkovszky, and J. Erdelyi [Hungarian Patent 151,255 (March 1964):

Chem. Absir., 60, P14431g (1964)] report mp 104°.
(1956);
without further purification.
40-60°).

Chem. Abstr., 52, T183f (1958)] report mp 140°,

Experimental Section®

4,4-Diphenylbutanoic Acid.—4,4-Diphenylbut-3-enoic acid was
prepared in good yield using the procedure reported by Johnson,
et al” Reduction according to the method of Wawzonek and
Kozikowski® gave a mixture of product and starting material.
When this mixture was reduced a second time in EtOH using
PtO, as a catalyst, the saturated acid was the sole product, mp
104° (lit.8 mp 103-106°), yield 789 ; its nmr spectrum eontained
no vinyl protons.

Diphenylalkylamides (24b-e and I-n) (Table III).—The ap-
propriate propionic or butyric acid was refluxed for 3 hr withex-
cess SOCl;.  The excess SOCI; was removed 7n vacuo, and the re-
sidual acid chloride was evaporated twice with fresh portions of
Cells. Alternatively, the acids were converted to mixed anhy-
drides using the method of Kaiser, et «l.® The acyl derivative, dis-
solved in dry Me;CO, was added to a stirred solution of NH; or
amine in ice water. The resulting solid was cooled, filtered,
washed (H:0), dried, and recrystallized.

N-Acetyldiphenylalkylamines (24a, f, and o) (Table III)—A
mixture of amine, AcO (1.1 mi/0.01 mole of amine), HOAc¢ (2.5
ml/0.01 mole of amine), and NaOAc was heated on a steam bath
for 30 min to 2 hr. The resulting solution was poured into several
volnmes of ice water. The product, if solid, was filtered, washed,
dried, and recrystallized; if an oil, it was extracted into Et,O.
The Et,0 was washed (H:0, 5% NaHCO;, H,0). The dried ex-
tract (NagS0O,) was evaporated, and the residue was triturated
with Et;0 and hexane to give a solid which was filtered and re-
erystallized.

N-Acetyl-3-(p-methylisulfinylpheny!)-3-phenyipropylamine
Hemihydrate (24g).—A solution of 5.5 g (0.018 mole) of 24f, 10
nil of HOAc, and 2.1 ml (0.018 mole) of 309, H:0, was stirred at

(8) Where analyses are indicated only by symbols of the elements,
analytical results obtained for these elements were within 40.4%, of the
theoretical values. Melting points were taken in & Thomas-Hoover capil-
lary melting point apparatus and are corrected unless otherwise specified.
All compounds containing asymmetric centers were isolated and tested as
racemates. All materials and extracts were washed, dried, and evaporated.

(7) W. 8. Johnson, J. W. Petersen, and W. P. Schneider, J. Am. Chem.
Soc., 69, 74 (1947).

(8) 8. Wawzonek and J. Kozikowski, tbid., 76, 1641 (1954).

(9) C. Kaiser, B. M. Lester, C. L. Zirkle, A. Burger, C. 8. Davis, T. J.
Delia, aud L. Zirngibl, J. Med. Pharm, Chem., §, 1243 (1962).

b Hemihydrate.
4 An oil which was purified by chromatography.
7 G. Gilbert [J. Am. Chem. Soc., 77, 4413 (1955)] report mp 114-114.2°,

¢ V. N. Deshpande and K. 8. Nargund, J. Kaernatak Univ., 1, 7
¢ An oil which was used
¢ PE = petroleum ether (bp

room temperature overnight. The nixture was dilnted with
H,0, and the resulting gum was extracted with EtOAc. The
EtOAc extract was washed (H,0, 59 NaHCO;, H;0) and dried
(Na;S0,). The solvent was removed, and the residue was dis-
solved in CsH,s and chromatographed on a silica gel columu.
The column was washed successively with CgHs, CsHe—CHCI;,
CHCL;-EtOAc, EtOAc, and EtOAc-EtOH, each niixture 1:!
by volume. The final mixture (1000 ml) on evaporation gave 2
g (309;) of 24g as a yellow oil which was analytically pure.
N-Acetyl-3-(p-methylsuifonylphenyl)-3-phenylpropylamine
(24h).—A solution of 5.5 g (0.018 mole) of 24f and 70 ml of HOA¢
was stirred and heated on a steam bath. To this solution was
added dropwise 40 ml of 309, H;0.. Heating was continued for
2 hr, the solution was diluted with ice water, and the resulting
oll was extracted into EtOAc. The organic phase was washed
(H:0, 59, NaHCOs), dried (Na,SO,), and evaporated. The
residual oil was hydrolyzed directly without further purification.
3-Hydroxy-3,3-diphenylpropionitriles (25a-f) (Table IV)—
Equimolar quantities of the appropriate benzophenoune, alkyl-
nitrile, and NaNH; weve allowed to react in Et;O, using the
conditions described by Runti and Sindellari.? The solid prod-
ucts were filtered and worked up as usual.
3-Substituted Phenylcinnamonitriles (26a-¢).—A solution of
10 g (0.042 mole) of 25 in 150 ml of 98-100¢;, HCO.H was re-
fluxed for 30 min and poured into ice water. The mixture was
extracted with Et,O; the extract was washed (H;0), dried (Nas-
80.), and concentrated. The residue was distilled, recrystallized,
or used directly without further purification.
3,3-Diphenylprop-2-enylamines (27a, b, and d) (Table IV).
A —A solution of 14, 15, or 3-hydroxy-3-( p-methoxyphenyl)-3-
phenylpropylamine (0.04 mole) in 50 ml of HOAc was saturated
with dry HCI and refluxed for 3 hr. The solvent was removed
in vacuo, and the residue was evaporated with dry EtOH.
Compound 27¢. B.—A solution of 0.1 mole of 26¢ in MeOH
saturated with NH; was hydrogenated with shaking at 60° and
under a pressure of 4.2 kg/em? of H; for 3 hr in the presence of
Ra(Ni). The catalyst and solvent were removed and the residue
was dissolved in Et;0. The Et,0 solution was extracted with
dilute HC! whereupon solid separated. The addition of more
HCIL aud ;0 dissolved the solid. The aqueous layer was made
basic and extracted with Et.0O. The ethereal extract was worked

(10) C. Runti and L. Sindellari, Boll. Chim. Farm., 99, 499 (1960): Chem.
Abstr., 58, 104684 (1961).
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Tauvre IV
IMPHENYLALKYL- AND ~ALKENYLNITRILES AND -3AMINES

R
X
CH.C
R'—(CH—A
My oor Recryveiu ‘
N R R* N A hp (o, “C =olvemt vield ormuli Al ses
254 p-Cli; 11 O11 ON BRI BH CellzMe=17107 1H Cul)NO
b m-CTy 11 011 CN 106 Celle-PL a1 CiHiENO COILN
¢ o-CHy 11 OH CN 1H1-152 CgHlaMe-P13 30 CllisNO GO, N
d p-OC11; 11 Ol CN {27-1290 CCl 27 CreHNO,
¢ 11 Cll, 011 N 125120 Cell Me-1'L Bt CisHNO
{ 11 Culls 0711 CN 164166 C N e 25 CrIlsNO
RATH p-Clly 11 i CN Ol 95 CsleN
i m-Cli, 11 N (42143 (1) H Cl N (1, N
¢ 11 Cl1, = CN 59-617 Hexane gl Crel N
27a 0-Cll, 11 CILNIL 172-174 EtO1-151.0 as CrlTN - TICT ¢, 11, ¢, N
b »-OCH, 11 =i CH.NH. 170-175» 1St OH-12,0 7 Cel:NO-1ICH C I CL N
¢ 11 Cl; CH,N11, 2352085 MeCOEL 61 CllsN-HCI ¢, CLN
d H C.H; = CIl1,NH, 224-225 EtOH-181,0 S5 Ci N - HCL ¢, 11, CL N

“« W. Chodkiewicz, P, Cadiot, and A. Willemart [Bull. Soc. Chiu. France, 1586 (1958)] report mp 137°  * H. Lettr¢ mnd I8 Wick

[
|7

(

3°. *» PE = petrolenm ether (bp 40-60°).

ap® and the conceutrate was diluted with ¢thereal HCL.  The ve-
sulting salt was filtered and recrystallized.

Diphenylalkylamines (1, 3, 5, 7-9, and 18-20) (Table I).
A.—A solution of 24 (0.0235 nwle) in 100 mi of dry THF was
added dropwise to a stirred suspension of 4.5 g (0.118 mole) of
T.iAIH, in 100 m! of Et;0. The mixture was stirred under reflux
for 5 hr and at room teniperature overnight. The complex was
decomposed by adding successively 4.5 nil of Ho0, 4.5 ml of 1047
NaOH, and 13.4 ml of H;0, and stirring for 45 min. The granu-
lar precipitate was filtered and washed with Ew.O. The fil-
trates® were couverted to appropriate salts.

Compounds 6, 8, and 13-17. B.—A solution of 0.02 nwle of
25b, ¢, or f or 27a-d in 250 ml of EtOH containing 0.5 g of PtO.
was hydrogenated under an initial pressure of 3.2 kg/cin? of ..
The catalyst and solvent were renioved and the residne was con-
verted to an appropriate salt.

Compounds 4 and 5. C.—A solution of 26a or b in MeOllL
satnrated with NH; was hydrogenated as described for 27¢.  The
products were isolated and purified as described there.

N-Ethyl-3,3-diphenyipropylamine Hydrochloride (2).—A solu-
tion of 5.1 g (0.02 nole) of 24a in Et:O was added dropwise to a
stirred suspension of 4.2 g (0.11 mole) of LiAlH, in 300 ml of
Et;0. The mixture was stirred under reflux overnight. The
complex was decomposed aind 2 was isolated as described under
A above.

3-(p-Methylisulfinyl- and -Methylsulfonyipheny!)-3-phenyl-
propylamines (10 and 11).—Conipounds 24g and h were stirved
and refluxed with 6 N F.SO. for 3-6 hr. The mixtures were
dilnted with ice water, neutralized, and extracted with C;Hs.
The CeHs extract® was treated with the appropriate acid to give the
salt reported.

Methyl (p-Aminophenyl)phenylacetate Hydrochloride.-—A so-
Iution of 55.1 g (0.265 mole) of (p-aminopheny!l)phenylacetic
aneid in 810 ml of MeOH was stimred, cooled, and saturated with
dry 11CL The solution was refluxed for 3 hr, cooled, and ponred
into several volumes of Et;O0. The layers were separated, and
the lower layer vielded crystals which were filtered and recrystal-
lized from MeOH.  When dry, the erystals weighed 44.5 g (6197),
mp 203-204°. A seeond recrystallization raised the melting point
to 217-218°,  Anal. (Ci:Hi:NO.-HCI) C, H, CI, N.

2-(p=Aminophenyl)-2-phenylethan-1-0l Hydrochloride.—A so-
lntion of 50.7 g (0.21 nwole) of the preceding ester (the free base
was prepared by dissolving the hydrochloride in 71,0, stivring for
I hwy, filtering, basifyving the filtrute with NaHCO;, extracting with
1620, aund washing and drying the 13t:0) wus added dropwise at

(1) R. B, Davis and L D, Yenigui, . Chem. Eny. Dain, 8, 578 (1463).

nn., 603, 189 (1957)] report mp 135-137°. ¢ Lit.» mp 126°. < Lit.e mip 164°. ¢ Double bond. 7 Lit.” wip 63°. » Lit> mp 171~
3

room tewmperatuve ta a stirved suspension of 24 g (0.62 molet of
TAAIH in 1100 ml of THF. The reaction mixture was stirred
at room temperature for 30 min and under refiux for 3 hr.  The
complex was cooled and decomposed by adding 84 ml of 11.0O.
The mixtire was stirred for 1 hir and filtered, and the residute was
washed with THF. The combined filtrates were evaporated to
dryness, and the residue was evaporated several times with fresh
portions of CsHg.  The hydrochloride was prepared and recrystal-
lized from EtOH-Et.0 (Darco), mp 204-205°, yield 42 g (80 ).
Anal. (CuH:NO-HCH C, H, C|, N.
2-(p-Acetamidophenyl)-2-phenylethan-1-0l.—2-(p-Amino-

phenyl)-2-phenylethan-1-ol hydrochloride (42 g, 0.17 mole) wax
dissolved in 310 nil of HsO and cooled, while 33.4 ml of Ac,O) was
added dropwise together with enough NaOAc¢ to keep the mixture
at pH 5-6. The mixture was stirred vigoronsly for 2 hr at 0°
and 1 hr at room temperature. The solid was filtered® and ve-
eryvstallized from CHCly-petroleum ether (bp 40-60°) to give 40.%
g (969%) of white crystals, mp 111-112°,  _Anal. {CyullaNOy}
C,H,N.

2-(p-Acetamidophenyl)-2-phenylethan-1-0l Tosylate Hemihy-
drate.——A nnixture of 40.8 g (0.16 niole) of 2-(p-acetamidophenyl)-
2-phenylethan-1-ol, 30.7 (0.175 mole) of p-toluenesulfonyl chlo-
ride, and 400 nil of dry pyridine was swirled until solution was
complete and was left at voom temperatire overnight. The mix-
ture was heated on a steam bath for 1.5 hr, cooled, poured uto 2
. of ice H0, stirred, and extracted with CHClL;.  The extracts
were washed with 1500 ml of 57 H3;POs and twice with 110,
The dried CHCl; extract (NasSO,) was distilled, and the residue
was evaporated three times with Ce¢HiMe. The residual oll
was dissolved in MeOl, and the miethanolie solution was treated
with Darco, filtered, diluted with HaO, and cooled to give white
crystals.  Recrystallization from MeOH-H;O gave 33 g (564,
of erystals, mp 97-99°.  Anal. (CxHxNOS-0.5H.O) C, 1L, 3.

1-(p-Acetamidophenyl)-1-phenylethene.-—A mixture of 27.8 g
(0.068 mole) of the preceding tosylate, 5.5 g (0.085 ntole) ol KON,
and 200 ml of DMTF wax heated und stirred for 1 hr ou a steawm
bath and then refluxed for 2 hr. The solution was cooled and
poured into ice H.O, and the solid which formed was filtered.
The solid was recrystallized from EtOH-H,0 (Darco) to give 9.2
g (579) of white solid, mp 147-149°. Two recrystallizations
from Csl;Me raised the melting point to 151-153°; numr (CDClL),
5.5 (3, 2, C==CHy), 2.1 (s, 3, NHCOCH,). tnal.  (Ci1uNO}
C, I, N,

1-(p-Aminophenyl)-1-phenylethene Sulfate.-- A suspension of
7 g (0.029 mole) of 1-(p-acetamidophenyl)-I-pheuylethene in 75
ml of 6 N ILSO, wus stirrred aud refluxed overnight.  The mix-
ture was cooled and ponred nto 110 to give an off-white sgld.
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This was filtered and recrystallized from EtOH, mp 212-214°,
vield 5 g (709,). Anal. [(CiHyN) HoS0,] C, H, N, 8.

Ethyl 3-(p-Acetamidophenyl)-3-hydroxy-3-phenylpropionate.
—A mixture of 22.7 g (0.095 mole) of p-acetamidobenzo-
phenone? and 31.7 g (0.285 mole) of ethyl bromoacetate was
stirred in 200 ml of THF; 18.7 g (0.288 mole) of activated Zn13
and a crystal of I, were added. After heating for 30 min, the
mixture changed from orange to green and began to reflux vio-
lently. It was cooled until the exothermic reaction subsided and
was then refluxed for 4 hr. The hot solution was decanted from
unreacted Zn and was diluted with several volumes of H;O. The
resulting red oil was extracted into EtOAe. The organic phase
was washed with H,O, dried (Na,S0.), and concentrated to give
a pale yellow solid, mp 125-127°. After recrystallization from
EtOH-H,0, the solid weighed 19.6 g (639%), mp 130-132°.
Anal. (C19H21N04) C, H, N.

Ethyl  3-(p-Acetamidophenyl)-3-phenylprop-2-enoate,—The
preceding alcohol (6.5 g, 0.02 mole) was heated to 170° in an oil
bath and kept at this temperature for 2 hr. After cooling, the
melt was dissolved in MeOH and an oil was precipitated with
H:0. The oil was extracted into EtOAc; the EtOAc extract
was dried (Na,804) and concentrated to a brown gum. The
gum solidified after standing for several days. The solid was
stirred with Et;0, filtered, and recrystallized three times from
CClL to give 4.8 g (809) of white solid, mp 141-143°. Anal.
(C1eH\sNO3-0.25H.0) C, H, N.

3-(p-Acetamidophenyl)-3-phenylprop-2-enoic Acid—A solu-
tion of 3.9 g (0.0126 mole) of ethyl 3-(p-acetamidophenyl)-3-
phenylprop-2-enoate, 0.78 g (0.014 mole) of KOH, and 30 ml of
EtOH was refluxed for 3 hr. It was diluted with HO and
acidified to give a brown solid. This solid was collected and re-
crystallized from EtOH-H,O, mp 197-199°. Anal. (CiHis-
NO;)C, H, N.

3-(p-Acetamidophenyl)-3-hydroxy-3-phenylpropionic Acid.—
A solution of 37.7 g (0.115 mole) of ethyl 3-(p-acetamidophenyl)-
3-hydroxy-3-phenylpropionate in 300 ml of MeOH and 75 ml
of 409 NaOH was stirred for 1 hr at room temperature, diluted
with H,O, acidified, and cooled. The resulting white solid
weighed 24 g (909,). A sample recrystallized twice from THF-
petroleum ether melted at 168-169°. Anal. (C;H;NO,) C, H,
N.
3-(p-Acetamidophenyl)cinnamonitrile.—A solution of 24.8
g (0.14 mole) of diethyl eyanomethylphosphonate in 50 mi of dry
DMTF was added dropwise below 20° to a stirred suspension of 6.3
g (0.14 mole) of a 53.49, mineral oil dispersion of NaH in 125 ml
of dry DMF. After the suspension was stirred for 1 hr at room
temperature, 31.2 g (0.14 mole) of p-acetamidobenzophenone!?
in 100 ml of dry DMF was added dropwise. Stirring was con-
tinued at room temperature for 2 hr, and the mixture was poured
into several volumes of H;O. The precipitated gummy solid
was extracted into EtOAc. The EtOAc extract was washed
(H,0), dried (NayS0,), and evaporated. The residual semisolid
was triturated with Et,O to give about 20 g of sticky solid. A
portion was recrystallized from CgH;Me for analysis, mp 182—
183° (single spot on tle). Tle of the crude product showed two
components of the same color and almost identical R; (cis—trans
isomers). One of the spots corresponded to the analytically pure
product. A4nal. (CiHuN.0)C, H, N.
Evaporation of the ethereal filtrates gave 39 g of gum.
3=(p-Aminophenyi)-3-phenyipropylamine Dihydrochloride
Hemihydrate (12).—The preceding crude cinnamonitrile was re-
duced in the same way as 4 and 5. The catalyst and solvent were
removed and the residue was dissolved in EtOAc. The EtOAc
solution was extracted with dilute HCI and H,O until neutral.
The aqueons extracts were cooled and made basic with 409
NaOH. The resulting gum and solid were dissolved in EtOAc.
The solution was washed (H;O) and evaporated. The residue
(ca. 27 g) was hydrolyzed without further purification. The
¢runde amino amide in 100 ml of HOAc and 50 ml of concentrated
HCl was stivred and refluxed for 4 hr. The solvents were re-
moved ¢n vacuo, and the residue was evaporated twice with ab-
solute EtOH and twice with C¢H;:Me. The solid residue was re-
crystallized from MeOH-EtOAc.
2-Amino-1-(p-hydroxyphenyl)-1-phenyipropane Hydrochloride
(21).—A mixture of 38.8 g (0.21 mole) of 2-aminol-phenylpropan-

(12) O. Débner, Ann., 210, 246 (1881).
(13) Prepared as described by L. F. Fieser and W. 8. Johnson, J. Am.
Chem. Soc.. 62, 575 (1940).
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1-0l hydrochloride, 21 g (0.224 mole) of phenol, and 150 ml of 6
N HCI was refluxed for 24 hr. It was then diluted with 240 ml
of HyO and extracted with four 100-ml portions of Et;0. The
aqueous layer was made basic with 409, NaOH (pH 12) and ex-
tracted with Et,0. The basic aqueous layer was adjusted to pH
8.5 with 109, HCI and extracted five times with Et:O. These
ethereal extracts were combined, dried (MgS0s), and concen-
trated to a pink oil which weighed 8.7 g. The oil was dissolved
in Et,0 and treated with dry HCL. The salt was filtered and
dried ¢n vacuo. The dried salt was suspended in hot Me,CO and
filtered to give a white solid, mp 312-320°. The solid was re-
crystallized twice from ¢-PrOH-Et;0 to give 1.3 g of white crys-
tals.

2-Phenoxy-1-phenyl-1-(p-trifluoromethyiphenyl)propan-1-ol.
—A solution of 10 ml (0.05 mole) of p-bromobenzotrifiuoride in
10 ml of Et;0 was added dropwise to 1.2 g (0.05 g-atom) of Mg
turnings in 20 mi of Et;0. The mixture refluxed spontaneously
and was stirred under reflux until all of the Mg dissoived. A
solution of 11.3 g (0.05 mole) of a-phenoxypropiophenone!4 in 50
ml of Et,0 was added dropwise to the stirred Grignard reagent,
and the mixture was stirred under reflux for 3 hr and at room tem-
perature overnight. A 209 solution of NH,Cl was added drop-
wise to the stirred reaction mixture. A few milliliters of 109,
HCI was added and the layers were separated. The aqueous
layer was extracted twice with Et,0 and the combined ethereal
layers were washed (H,0), dried (Na;80;), and concentrated to a
brown solid. The solid was recrystallized once from MeOH and
once from Skellysolve L to give 9 g (489%) of tan solid, mp 132—
135°; a sample recrystallized twice from Skellysolve L melted at
137-138°. Anal. (CyHysF30,) C, H.

1-Phenyl-1-(p-trifiuoromethyiphenyl)propan-2-one.—A mix-
ture of 7.2 g (0.0194 mole) of 2-phenoxy-1-phenyl-1-(p-trifluoro-
methylphenyl)propan-1-ol in 35 mi of concentrated H,SOs was
stirred for 2 hr and poured into ice water, and the resulting brown
solid was filtered. The filtrate was extracted several times with
Et;0, and the ethereal extract was washed (109, NaOH). A
third layer formed. The two layers were removed and the
ethereal extract was washed (H,O) until the washings were
neutral. Evaporation of the Et,O left 2.2 g (41%) of a pale
yellow oil; ir (Nujol mull), A 5.8 x (C=0). The product was
used without further purification.

Oxime of 1-Phenyl-1-(p-trifluoromethylphenyl )propan-2-one.
—A suspension of 5 g (0.019 mole) of the preceding ketone in
20 ml of EtOH was warmed until it dissolved. To this solution
was added a solution of 2.5 g (0.036 mole) of H;NOH-HCl and 3.5
g (0.036 mole) of KOAc in 20 ml of H;O. The mixture was re-
fluxed on a steam bath while sufficient EtOH was added through
the condenser to form a clear solution. The solution was re-
fluxed for 15 min and concentrated. The residue was extracted
with EtOAc, and the EtOAc extract was worked up® to give 4 g
(80%,) of an orange oil. The oil solidified when triturated with
petroleum ether. Recrystallization from Skellysolve L gave white
crystals, mp 129-130°.  Anal. (C:H\.FsNO) C, H, N.

2-Amine-1-phenyl-1-(p-trifiuoromethyiphenyl)propane Hy-
drochloride (22).—A mixture of 4 g (0.014 mole) of oxime, 1 g of
PtO;, and 200 ml of HOAc¢ was shaken on a Parr shaker for 3 hr
under an initial pressure of 3.2 kg/cm? of H;. The mixture was
left overnight under H, without shaking. The catalyst was
filtered and washed (HOAc). The combined filtrates were con-
centrated to a brown gum. The gum was dissolved in Et.O and
the ethereal solution was washed (H:0, 109, HCI, H.0). The
ethereal solution was dried and evaporated, and the residue was
hydrogenated again.

The combined acid phases from the two hydrogenations were
neutralized and extracted with Et;0. The ethereal extracts were
washed, dried, and added to ethereal HCI. The solution was
concentrated, and the residne was evaporated several times with
absolute EtOH and CiH:Me. The residue, weighing 2.5 g, was
recrystallized from EtOAc-petroleum ether to give 630 mg of
white crystals.

3-Amino-2,2-diphenylbutane Hydrochloride (23).—A mixture
of 9.6 g (0.04 mole) of the oxime of 2,2-diphenylbutan-3-one,
1.5 g of PtOs, and 200 mi of HOAc was hydrogenated as described
in the preparation of 22. After standing overnight, the spent
catalyst was removed and replaced with 0.5 g of fresh PtO,. Af-
ter reduction for an additional 6 hr, the catalyst and solvent were

(14) C. K. Bradsher and R. Rosher, 7bid., 61, 1524 (1939).
(15) K. Shishido, H. Nozaki, and O. Kurihara, tbid., 72, 2270 (1950).
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vewaved. The solid residiie was dissolved n Ha0; the agqueons
solution was inade basic and extraeted with Et;0. The ethereal
extract was worked up and dilnted with ethereal ITCL  The
precipitated salt was filteved and recryvstallized.

Biological Testing.—Adrenal inhibition was studied in the rui
cold stress test, the rat antialdosterone assay, and in an isolated
ndrenal preparation, t 18

Az a result of earlier studies,! we concliuded that the most
tuteresting type of adrenal corticosteroid inhibitors would be
thitt  which  specifically inhibited aldosterone biosynthesis.
Sueh compounds would have no effect on peripheral plasma
corticosterone levels {cold stress assay), would increase Na ™ ex-
cretian (antinldosterone assav), and wanld produce an appropri-
ate xterotd shift, that is, a decrease in aldosterone levels with no
chauge in corticasterone (B) and deoxyeorticosterone (1DOC)
levelr.  With the establishment of these criteria, the antialdo-
sterone 1v became a primarvy sereen, while the cold stress and
i vilro assnys were used for further evaluation.  The resnlts of
these studies are shmmarized in Table 11; the quantities of 10
aud 22 obtaimed were too small to permit adequate testing nnd
thevefore, these eonipounds are not incinded in Table 11.

leprodueible estimates of natriuvetie activity in the anti-
aldosteroue assay, based on the relative poteucies of the com-
pornds studied, could not be obtained becanse of the variability
inhercut n this test method.  However, those compounds which
caased a statistically significant increase in urinary Na* levels
were arbitrarily vanked as follows: weak (=), urinary Na™ be-
tweey -2 mg; moderate (4, 2-4 ing; and strong (++), >4
ng.  Componuds were given orally to sodinm-depleted rats at
doses of 50 mg/kg or less becanse onr potent standard inhibitors
of i-hydroxyiation were marginally active at this dose.  In the
‘novileo assay, statistical significanee (P < 0.05) was achieved
when the levels of B and aldosterone differed from the coutrols
by at least 304, aud when DOC inereased by more than 30077,

Discussion

The diphenethylamines investigated earlier appeared
to exert an inhibitory effect predominantly on 11-hy-
droxylation because of their potent activity in the rat
cold stress test, which is very sensitive to agents of this
tyvpe. This type of inhibition was also indieated in in
eitro studies when DOC inereased at the same tinie that
corticosterone and aldosterone decreased (e.y., 2.2-
diphenethylamine, 19, Table IT).  In the present study
we found that the effect on 11-8-hydroxylase deereased
as the length of the side chain was increased by one or
two miethvlete groups, for none of the compounds were

(161 ML L. Saunders, B steeiw, V. Kostos, el J, Tomaszewski, Storelds
T, 518 (1966).
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active at doses from 10 to 50 mg, kg when studied it the
cold stress assay.  On the othier hand, 29, 1 potent in-
hibitor of 11-hyvdroxylation, was very active at 5 omg)’
kg, In addition, i edvo, only 1T and 9 were like 29 in
prodicing a delinite accumulation of DOC,

Most of the compounds in this stndy were active in
the rat antinldosterone assay.  The active compounds
were less potent than 28, but were more potent than
29 (no natriuresis was observed with 29 at 50 mg/ke.
the highest dose used in this study). A homwolog of
28, 16, murkedly inhibited both aldosterone and cortico-
sterotie svuthesis fe eitro without elevating DOC.
Thus, 16 exhibited a profile of activity ¢n eilro sintilar to
amphenotie, which suggested that inhibition occurred
early in corticogenesis.V Another homolog of 28, 23,
in which the benzhydeyl H of 28 was replaced with CH,.
was inactive i the antialdosterone sereett.

In sumneary, except for 1T and 9, the contpouuds
studicd had o minimal effect ou 11-g-hydroxylation
together with a moderate but specific antialdosteronc
effect (2, 5.7, 8, and 11).  Conipound 16 appeared to
cause s gencralized inhibition sinilar to that produced
by amplientonie ¥ snggesting steroid inhibition carly in
the Diosynthetic pathway,  As we reported in our pre-
vious studv.! small stroctural changes warkedly of-
fected the churacter of adrenal inhibition.  lor ex-
ample. when the length of the side chain was inereased
from Et to Pr to Bn (29, 1, aud 18), activity in the
antialdosterone assay increased coucurrently.  How-
ever, the most significant changes oceurred when the
side chain had a methyl substituent on the carbon bear-
ing the amino group (compare 1 with 28 and 29 with
28). Compound 28 had no effect on the in vitro levels
of 13 or DOC but depressed aldosterone produetion
signtficantly.  The effects of ncereasing the distance
betweett the amino gronp and the methyl branch (com-
pare 28 with 16) and of replacing the benzhydrd pro-
ton of 28 with CH; ccompare 28 with 23) have been

noted above.
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