HyPOCHOLESTEREMIC STILBAZOLES

higher than the original concentration of the buffer
during exposure to SolBA-H3 As mentioned earlier
Hokin, et al.,? have demonstrated the irreversible inhibi-
tory action of alkylating cardiac steroids on brain Na-,
K-ATPase. We have also reported similar irreversible
inhibition of SinBA on rabbit heart Na-, K-ATPase
in a preliminary report® (s detailed report will be pub-
lished elsewhere). However, as indicated in the present
study the positive inotropic effect of SiInBA and SolBA
are readily reversible and have a very short duration
of action. Therefore, there appears to be a dissociation
between inhibition of Na-, K-ATPase and the positive
inotropic effect of SinBA., Thus, present indirect
evidence suggests that inhibition of cardiac Na-,
K-ATPase may not be responsible for the positive
inotropic action of cardiac steroids. Furthermore, the
long persistence of the drug in the myocardium after
all positive inotropic effect has disappeared following
washout suggests that the drug remaining in myocardial
cells is bound to nonspecific sites.

Experimental Section®

Strophanthidin 3-bromoacetate (SinBA) was prepared as
described by Kupchan, et al.” The SinBA prepared was chro-
matographically identical with a reference sample kindly supplied
by Professor S. Morris Kupchan, mp 190-193°.  Anal. (CosHas-
BrO;): C, H, Br.

Strophanthidol 3-Bromoacetate (SolBA).—A solution of SinBA
(0.500 g, 0.95 mmol) in purified dioxane (25 ml) was treated with
NaBH, (0.32 mniol) aud H,O (0.5 ml). The mixture was then
stirred at room temperature for 6 hr. Tle was used to fractionate
and identify the reaction products. The tlc consisted of silica

(5) G. T. Okita, F. Richardson, B. Roth-Schechter, and R. E. Thomas,
Fed. Proc., 28, 607 (1969).

(6) Where analyses are indicated only by symbols of the elements or
functions, analytical results obtained for those elements or functions were
within £0.49, of the theoretical values.

(7) S. M. Kupechan, M. Mokotoff, R. 8. Sandbu, and L. E. Hokin, J.
Med. Chem., 10, 1025 (1967).
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gel G as the absorbent and EtOAc (system 1) and CHCl,-EtOH
(6:1) (system II) as the solvent systems. Prior to use, the tle
plates were activated by heating for 30 min at 110°. The spots
were identified by spraying the plates with a solution of 109,
phosphomolybdic acid in MeOH and were heated for 5-10 min
at 110° to locate the spots. Using the tle systems the preseunce
of four substances was noted and these were tentatively identified
as strophanthidin 3-bromoacetate, strophanthidin, strophan-
thidol 3-bromoacetate, and strophanthidol. The reaction mix-
ture was diluted with H,O (25 ml) and the dioxane was removed
rapidly below 256°. The crystalline product formed during the
removal of the dioxane was collected and dried over P,O; (vield
0.38 g). Tlc indicated that the material was a mixture of SinBA
and SolBA with only a trace of the more polar decomposition
products. Chromatography on silica gel followed by repeated
crystallization from Me,CO-petroleum ether gave 65 mg (13%;)
of SolBA, mp 206-208°. Anal. (Ce;H3:BrO;): C, H, Br.
Strophanthidol 3-Bromoacetate-19-H3 (SolBA-H3).—A solution
of SinBA (25 mg, 0.048 mmol) in purified dioxane (2 ml) and H,O
(50 ul) was mixed with the contents of a vial of tritiated NaBH,
(6.7 Ci/mmol, total activity 100 mCi, equivalent to 0.015 mmol
NaBH,). The mixture was shaken at room temperature for 5
hr, diluted with H,O saturated with NaCl (10 ml), and quickly
extracted with CHCl; (3 X 25 ml), and then dried (Na,SO,).
The CHCIl; was removed under reduced pressure and the resulting
residue was redissolved in MeOH and induced to crystallize by
the addition of HyO. The crystalline product was dried and then
applied, as a MeOH solution, to two 20 X 20 cm tle plates,
The chromatograms were developed with EtOAc. Autoradiog-
raphy (2 hr) indicated the presence of one major band corre-
sponding to SolBA as well as several minor more polar bands.
The major band was eluted with MeOH and after crystallization
gave 2.93 mg of radioactive material (specific activity 3.18
mCi/mg). The radioactive material was then dissolved in DMF
and reserved for future use. An aliquot of this solution was then
added to a methanolic solution of nonradioactive SolBA (20 mg)
and crystallized to constant count to yield strophanthidol 3-
bromoacetate-19-H? (8.2 mg, specific activity 73 uCi,/mg).

Acknowledgment.—The authors wish to express
their sincere appreciation to Dr. S. Morris I<upchan of
the University of Wisconsin for generously supplying us
with a reference sample of strophanthidin 3-bromo-
acetate.
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Fraxk J. ViLvant, CLaire A. Ervis, RoBERT F. TAVARES,

Medicinal Chemical Research Department

MERL STEINBERG, AND SIBYLLE TOLKSDORF

Department of Physiology and Biochemistry, Schering Corporation, Bloomfield, New Jersey 07003

Recetved November 12, 1969

The clinical use of estrogens to lower serum cholesterol levels in the human male is limited because of the

undesirable hormonal effects of this group of compounds.

In attempts to chemically modify the structure of

diethylstilbestrol, a series of substituted stilbazoles and dihydrostilbazoles were prepared and examined for their

hypocholesterenic and estrogenic properties.

Maximum separation of these biological properties was observed
in the dihydrostilbazole series containing small alkyl groups on both carbons of the ethylene bridge.

Other

structure-activity relationships in this series are discussed.

Several groups of workers! have reported that
estrogens lower serum or plasma cholesterol levels in
humans. The clinical use of estrogens for lowering the
elevated serum cholesterol levels in the human male
is limited, however, because of the adverse endocrino-
logical effects of these agents. In an attempt to syn-

(1) (a) M. L. Eilert, Amer. Heart J., 38, 472 (1949); (b) M. L. Eilert,
Metabolism, 2, 137 (1953); (c) E. M. Russ, H. H. Eder, and D. P, Barr,

Amer. J. Med., 11, 468 (1951); (d) M. M. Gertler, P. B. Hudson, and H.
Jost, Geriutrics, 8, 500 (1953).

thesize compounds related to diethylstilbestrol in which
the hypocholesteremic activity is dissociated from the
estrogenic activity, a series of substituted stilbazoles
(I) and dihydrostilbazoles (II) were prepared by the
methods shown in Chart 1.

2- or 3-pyridyllithium was added to a substituted
ketone of type III to produce a racemic mixture of the
erythro and threo forms of carbinol IV. In the majority
of cases (Table I) the stereoisomers were 110t separated
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22 p-OIl OH Gl H 11 2-C,IT,N 89-90¢ 31 1AY CulrNO, H~ 0
23A p-OCH; OH CH; H CH, 2-CyH,N 91-9:3¢ 14 1AY CisHisNO, C, II, N +
23B p-OCH; OH CH, H ClIL 2-C, LN 65-69¢ 47 1v CisH1sNO, C, O, N +
24 p-OCII; OH  C.H; I CII, 2-CsH:N 100-102/ 18 1AY CiyHaNO, C, H, N +
25 p-OCH, Ol CII, I CulIT, 2-C;H,N 71-72f 15 v CiyHuNO, C,HN 0
26 p-Cl oIl C,II, | Coll, 2-C,HN 150-152 (2) 15301 (24) 29 v CllyCINO, C,ILN 0
27A p-OCHi OH Gl H C.H,, 2-CI1L,N 101-102¢ 15 v CisHuNO, Cs +
27B p-OCII, O Gl H CulT;y 2-C,I;N 162-167 (1) 1.5543 (25) 42 1AY CilTNO, 3, 10 +
28 p-OH Ol C.H; 1 C,H; 2-C,HuN 156-158 23 1AY CillNO, H, N¢ +
29 HCI p-OCII, Ol n-Gsll; IT C.H; 2-C:11N 1701754« 14 1AY CioHyNO,-HCI C, H, N +

cl

VRN
30 p-OCII; OH CIL—CH; H C,H; 2-CsH;N 90-91/ 17 v CyHiNO, C, H, N +
31 p-OCH, OO ClIL,CII, I ColT; 2-C,H,N* 120121/ 30 1t CoslTNO, ¢, IL,N 0
$2A p-OCH; Ol CH, I ColT, 2-C;H,N» 165-16677 +
33 3,4(0CIIL), 9]¢ CH; H CH; 2-Cy 11N 164-180 (1) 1.5735 (20) 15 1v CisHysNO; C I, N
33-HCI 108-110 CisllNQO;-HCI- M, N= 0

H,0
34 OCH; H II OH  p-(OCH,CH,N-
L5t2)CeH,4 3-C;ILN 123-125aa 75 11 CosHgaN0y 3, 10

35A p-OCH, H C,H, OH  C,H; 3-C.H.N 105-106* 47 1 CisHyuNO, G, H
35A - TICI 190-19 14 CisHNQO,- TICI C,H
351 p-OCH; H C:H; OIT  CIT, 3-CoHN 175-180 (1) 15 I CiHxNO, c
36 p-OCII; H C,H; oI CH, 4-OT1-3-C5I11;N 234213500 57 1 CisHasNOs G H
87 p-OCH; I p-(OCII;)-

Csll4 OIT  p-(OCH;)Cs1, 3-C;H Nee 100-104» 10 1 CulxNO, C,H,N o
38 p-OCII; OH C:H; H H 4-C,H,N 165-170 (4) 1.5722 (26) 12 v CisHisNO» C, H
39 p-OCH; Ol G, I C,H; 4-C;II,N 152-154¢ 14 14 CisHyuNO, C, 11, N +
40 p-N(CHj). OH 11 H I 4-C,H,\N 165-1674 46 dd CisH N0 C, H
41 p-N(CHy), Ol Cgll, I H 4-C:H,N 170-172¢ 21 dd CuHa2NO C, H
42 p-OCH;, H C.H, 0111 C.H; C3HoNSee 99-100¢ 53 1 CisHaNO,S 3
42-HCl 203-2044 CilyNO,S-TICI 114/
13 p-OCII; H C,H; Ol CeH, CoIT,Nyoo 95-97¢ 35 I Cully N0, 3, 10
43-11C1 145-1474 CyHuNY0,-1IC1  C, H
44 p-OCH, Ol G, I CyH; CalT;No 114-116 b v CyHyuNO, S, N 0/

* The designations A and B represent stereoisomers only when isolated  ® Biological activity code: +, greater than 20, reduetion in serum cholesterol; 0/, borderline minimal activity;
0, vo significant effect. ¢ Trom hexane. 4 From EtOH-Et,Q). < H: caled, 7.44; found, 6.96. 7 From petroleum ether (bp 30-60°). ¢ C: caled 75.24; found 76.13. * L. Gorum and W. L.
Nobles report. mp 94-95° (J. Pharm. Sci., 57, 1265 (1968)). ¢ Reference h reports mp 204-205°. 7 II: caled 8.12; found 7.36. * From 2-pyridyllichium and deosyanisoin. ¢ From -Pr,0.
= From 2-pyridyllithium and e-ethyldeoxyanizoin. » 2-C.IIoN is 2-piperidyl. ¢ This compound could not be obtained in analytical purity and was contaminated with starting ketone. 7 C:  caled
65.41; found 64.90. < Ifvomn Gell. 7 C: caled 74.04; found 75.32. =II: caled 8.12; found 7.35. ¢C: caled 75.24, found 75.71. *Isolated as TICI salt. ?I'rom PhCIL,MgCl and a-ethyl-
p-methoxyphenacyl-2-pyridine.  * From the I derivative of 2-benzylpyridine and p-methoxyacetophenone.  # From Cslle-hexane. ¥ Mp reported 154-156° by W. ). Dixon, Ph.]). Disserta-
tion, University of Kansas, Lawrence, Kansas (1960).  #C: caled 60.74; found 59.84. e From 4-PrOAc--petroleum ether. » Froin EtOI. < From p-methoxy-a,a-di(p-methoxyphenyl)aceto-
plienone prepared by the method of K. Sisido, K. Okano, 1" Isida, and IL. Nozaki, J. Amer. Chem. Soc., 77, 6380 (1953). 44 From 4-picolyllithjum prepared by the method of J. P. Wilbaut and
I. W. Hey, Rec. Trav. Chim. Pays-Bas, 72, 513 (1953).  « CiILNS is 2-thiazolyl. 1/ C: caled 58.61; found 59.22. ¢ CHN; is 1-Me-2-imidazyl. # C,H;N, is 2-pyrazyl.
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68A
68A-HCI
63B

GYA
69A-HCl
6B

6913 - HCI
70

71
71A-TIC1
71B
71B-1Cl
72
72A-HCI
72B
723-HCl
73
73-HCI
74
74-1IC1
7

76

77
77-1Cl
78

78-T1Cl
79
79-HCI
80

80 HCI
81
S1A-HCI
S1B-HCL
S
52-11Cl
33

84

85

85A

86

87

88

89

2 See footnotes a and b of Table 1.

demethylation,

p-OH

p-OCII,
p-OCH;

p-OH

p-OCH;
0-OCH;
p-OCII
p-(OCH.CII—
N(LEt),)
p-OCT,

p-OCII,

p-OH
p-()CzI I;,

p-OCII,

p-OCH;

p-OCH;4
p-OCH
p-OC 1 I3

p-OCH;
p-OCH,
p-OCH;,
p-OCH;

¢ From CsHs.

CH;

C.H;
C.l5

C:H;

-C.Hy
C.Hs
Cz[{:,

C-zH:,
ClI;

Coll,

Cz[‘ls
C.H;

C.H;

C.l,

CH;
G.H,,
CH;

CHj,

C.l,
C.Hs
C.H,

»C, H:

135-140° (1 mm), using EtsN(CIIL;),Cl.

Clarke methylation of 87.

H

351

CH;

Cells
CiH,
1T

Colls
H
H
H

C,H,, 2-CILN
CH, 2-C, 1, N
C.H; 2-C;H,N
C,H. 2-CiILN
C.H, 2-C;H,N
Co.ll; 2-C,IIN
CH,CILN(IEt), 2-C;IILLN
Cull; 2-C,II.N
C,H; 3-C;II,N
C.H; 3-C, 1N
C.lII; 3-C,IILN
C.lI; 3-C, 1IN
C.I1; 4-C,H4N
CH;, 4-CH,N
CH.CILN(CII;)a 2-C;H,N
CILCII,N(CH;). 2-C,ILN
CslTs 2-C;H,N
CeH; 2-C, 4N
C,H; 2-C,HyN=
Cz[{(, 2—C5[[12N”
C.H; 2-C,H,;Nyr

5P and I, in HOAc-H,O reduction of 17.
caled 80.25, 8.61; found 79.81, 8.19.

k Alkylation of 79 with NaOKEt and IStl.

r 2-C,II;N, is pyrazyl.

eC:

caled 75.52, found 76.01.

tC:

50-51¢
170-171¢
147-152 (1)
1631659
208-211¢
155-157¢
213-2164+
149-154 (1)
145-150 (1)
2372394
155-160 (3)
125-128¢
130-132¢
253-256¢
126-128
103-104¢
161-165 (1)
253-255
142-143 (1)
176-179
185-188 (1)

200-204 (1)
155-156 (1)
150-155¢
164-165 (2)
78-80¢
185-187¢
185-187
201-203¢
167-169 (1)
202-203¢
175-178 (2)
205-206
190--193
169-170 (2)
167-165¢
207-208 (1)
210-217 (1)
76-80¢
106-110
206-208 (1)
152-154 (1)
180-183 (4)
147-150 (2)

¢ From hexane.
¢ From Cslls—petrolenm ether.
caled 83.13; found 83.96.

—

5478 (25)

—

L5517 (24)
5466 (24)

—

—

5473 (24)

—

.5504 (24)

—

5333 (25)

—

.5328 (26)
.5bHT7 (24)

—

[y

5531 (21)

1.5236 (26)
1.5225 (24)
1.5472 (26)
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11

IX
IX
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VIII
VII
IX
X
IX

VII

VIII

VII
Vi

VI

VIII

VIII
VIII
VII

VIII
111
0
VIII

m 2-CsHwN 1s 2-piperidyl.

CyHuNO-HCI
Ci7lHuNO
C)sl114NO
CillysNO-HCI
Cil11sNO

Cy I 11yNO-HCI
CrH»NO
CisH»NO
CislIsNO-HCI
CislHxNO
CigHxNO-1ICI
CiyHaNO
CulluNO-HCI
CyliuNO
CullyNO-HCI
Clg[’[zsN()
CiyHauxNO-TICI
CilluNO
ClNO-HCI
CpHzN0

C23I I:s«iNzO
CiHaNO
CyHuNO-HCI
CuslluNO

CylluNO-TICI
Cual1aNO
CulluNO-TICI
CuwHisNO
Cull,NO-TICI
ClInNO
CuslluNO-TICI
CilNO-HCI
CyllNO
CisHx;NO-TICL
Czr.H:mNz()
CoslLeNO
CyuHuNO
C-z\Hle()
SoH:NO
CislTpNO
CioHuNO
CuH2N0

4 See alternate separation of isomers in Ixperimental Section.
i NaNHy-liquid NH; alkylation of 2-(2-pyridyl }-3- (p-methoxyphenyl)butane, bp
7 2-Cel 12N is N-Me-2-piperidyl.
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In a few cases, the stereoisomeric carbinols were sepa-
rated by fractional ervstallization from petroleum ether
or hexane, The solid form, designated as isomer A, was
the predominant isomer in the mixture and on the
basis of Cram's rule? is assumed to be the erythro form
although definitive conformational studies were not
attempted. The second minor component (isomer 13)
was obtained from the petroleum ether filtrates by
distillation. The carbinols IV were resistant? to the
conventional acid dehydrating agents, H;PO, p-
tolucnesulfonic acid, Ae,O, and/or H,80,. However.
fusion of the carbinol IV with potassium pyrosulfate?
{mecthod VI) gave good vyields of the stilbazoles (1).
Several attempts to separate the cis and trans olefing by
physical or physical chemical methods failed. The
stilbazoles (I) were hydrogenated (method VII) to the
diliydrostilbazoles II.  Separation of the stercoisomers
was effected by the differences in solubility in petroleum
ether, by solubility differences of the hydroehloride
salts, and by eolumn chromatography over alumina.
A= in the case of the earbinols, the higher melting form
i1» designated as the A itomer.

The reaction of p-methoxybenzylmagnesium chloride
(method 1I) with p-(diethylaminoethoxy-2- or -3-ben-
rovDpyridine (VIab) gave the expected tertiary car-
binols (IV) in good yield. However, a similar reaction
with the 2-thienvl ketone VIe gave only the unsatu-
rated compound VII

) I I
I CEUNCILCHLO ‘,,11,({'—@
{

CEONCHLCILOCILC—R S
VEL R =2peridyl (B
b R=3pyridyl

CILp-OCH
¢ R=2thienyl

VIl

Ty prepare the isomerice carbinols V, the Na deriva-
tive of a 2- or 4-picoline was allowed to react with an
aromatic ketone in liquid NH;o In our laboratary

12y Db Crancand VoA Efalez, J, dmer, Chesn. Soc,. T4, H828 (18525,

3y Lo Goroto awl W, L. Nobles. J. Phuvm, Sevences, 8T, 1265 (1868,

FHDO1L VLD Wessely, B Keeseldbamn, A Kleedarter, Yo Peilliagoer. sanl 10
Jagie, Mamash Chem, T8, 127 (104

kR

Oy e A
' X

1

these eonditions gave consistently better yvields and
cleaner products than the corresponding reaetions cm-
ployving the picolyl-Li derivatives.  In these latter
cases considerable quantities of lower boiling fractions
were obtained.

In contrast to carbinols IV, compounds V (R' = H)
are easily converted into the stilbazoles by acid de-
hydrating agents (HCl and HOAce). However, when R!
15 lower allyl, the tertiary carbinols are very labile and
acld treatment results in a reverse aldolization with
the isolation of the starting ketone and the substituted
picoline. ‘This may account for the poor vields of some
of these compounds listed in Table 1.

The desirable combination of biological uctivity, i.¢..
high hypocholesteremic activity with minimum estro-
genic activity, was observed in the dihydrostilbazoles I1
(R" and R = lower alkyl).  Accordingly u direct
synthesiz of 11 was developed which would permit the
synthesis of a maximum number of compounds.  This
simplified procedure (method VIII) involves the alkyla-
tion of a substituted 2- or 4-picoline with a sceondary
aromatic halide in the presence of NaNHa. The result-
g diastercomeric mixture could be separated into its
components by the methods indieated.  To further
study structure-activity relationships in this series of
compounds, the pyridyl ring was replaced by other
heteroeyvelie systems, e.g.. 2-piperidyl, N-methyl-2-
piperidv]l, l-methyl-2-imidazyl,  2-thiazolyl, and 2-
pyrazyl. Details of the synthesix and the properties of
the compounds are given in the accompanying tables
(Tables I-111).

Biological Methods. --Muale rats, Charles River CD
stralin, 6-8 wecks of age, were used to sereen compounds
for hypocholesteremie activity.,  All materials were
suspended in peanut oil and injected subeutancously
for 4 days, generally at a daily dose of 10 mg/kg. On
the fifth day, after a 24-hr fast, the animals were
anesthetized with Et.0Q and bled from the aarta to
determine serum  cholesterol  levels.  Total scerum
cholesterol was measured by the Zak method® initially

o WL Aak, Fechl Bl Begadvi Uodl Feeh 2T, 71 U1DAT
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and later by the Technicon Autoanalyzer procedure.’
Compounds that were active in the initial test in male
rats were administered by gavage to 8-week old ovariec-
tomized rats in order to determine the degree of separa-
tion of cholesterol-lowering and estrogenic activities and
to obtain relative potency estimates. The treatment
schedule was the same as in the male rats. Estrogenic-
ity was determined by exam ning vaginal smears during
the experimental period and weighing the uteri at
autopsy.

Biological Results.—The hypocholesteremic activ-
ities of compounds 68A-HCI and 78-HCI, which had
the most favorable separation of estrogenic and hypo-
cholesteremic activities, were compared quantita-
tively with several standard estrogens in acute and
chronic experiments. In ovariectomized rats the doses
required to lower serum cholesterol by 509, were esti-
mated to be 20 mg/kg for 68A HCI, and 24-30 mg/kg
for 78 -HCI. Several dose-response curves of 68A-HCI
indicated that a dose of 5 mg/kg, which lowered serum
cholesterol by 309 (EDs cholesterol) produced no
estrogenic stimulation of the uterus and vagina in
ovariectomized female rats, and did not reduce seminal
vesicle weights in male rats. Compound 68A-HCI
has approximately 0.002-0.004 times the hypocholes-
teremic activity of ethinylestradiol or stilbestrol. It
was much less estrogenic than conjugated equine
estrogen (Premarin), ethinylestradiol, and stilbestrol at
comparable hypocholesteremic doses. A standard
oral estrogen assay of 68A-HCI by the rat vaginal
smear technique indicated that 68A.HCI had 0.0004
times the estrogenic potency of ethinylestradiol.

The acute oral toxicity (LDso) of 78 was greater than
2500 mg/kg in mice. The oral LD;s of 68A-HCI in
mice was 1632 mg/kg and the intravenous LDj was
94.5 mg/kg. Compound 68A HC! is undergoing
clinical evaluation in man, and the results, when avail-
able, will be published in the appropriate medical
journals.

Structure-Activity Relationships.—In this series of
compounds the combination of maximum hypocholes-
teremic activity and minimal estrogenic potency is
found in the dihydrostilbazole group (Table III).
This desirable combination of biological properties is
observed in those compounds wherein both C atoms in
the ethylene bridge connecting the two rings are sub-
stituted by a small alkyl group (e.g., Me or Et). The
2-pyridyvldihydrostilbazoles were more active than the
corresponding 3-pyridyl compounds, whereas the 4-
pyridyl compounds were generally inactive at this
screening dose. Reduction of the 2-pyridyl ring gave a
compound of slight hypocholesteremic activity even at
high doses.

Substitution of the p-OCH; by Cl, Me, or H gave
compounds of lower activity. The p-OH compounds,
72A and 72B, were very active in the cholesterol
lowering screen but were very estrogenic even at low
doses (less than 1 mg/kg). The p-diethylaminoethoxy
derivative 76 was inactive in male rats at a dose of
10 mg/kg.

In this series, the stilbazoles (Table II) were essen-
tially inactive or of lower potency than the corre-
sponding dihydro compounds. The presence of OH on
either carbon of the bridge (Table I) gave variable

(6) Techhicoh Corp., Cliaulicey, N. Y.

Journal of Medicinal Chemistry, 1970, Vol. 13, No. 3 365

results, Those carbinols which were active in the
hypocholesteremic screen were also very estrogenie.

Experimental Section’

Ketone Intermediates.—The following ketones were prepared
by a standardized procedure involving Fe-HCI® reduction ot the
corresponding phenylnitroalkenes: 1-phenyl-2-propanone; 1-
phenyl-2-butanone; 1-(p-methoxyvphenyl)-2-propanone, and 1-
(p-methoxyphenyl)}-2-butanone. Similarly prepared were: 1-(o-
methoxyphenyl)-2-butanone; yield 849, bp 115-120° (3 mm),
n¥p 1.5215. Anal. (CuH10:) C, H. 1-(m-Methoxyphenyl)-2-
butanone; bp 115-120° (3 mm), bp 138-139° (15 mm).* Anal.
(CLH.Oy) C, H.

4-(0-Methoxyphenyl)-3-hexanone.—A mixture of 175 g (0.98
mol) of 1-(o-methoxyphenyl)-2-butanone and 160 g of commercial
NaOMe was cooled in an ice bath while 500 g of Etl was added
dropwise with stirring, After the addition (exothermic reaction)
the mixture was heated under refiux on the steam bath for 3 hr;
H,0O was added and extracted (Et.0) and the solution was dried
(Na:80,) and distilled: bp 114-115° (1 mm); n%p 1.5074; yield
140 g (70%). Anal. (C\:;H\gOz) C, H.

4-(m-Methoxyphenyl)-3-hexanone was obtained in a similar
manner: bp 107-112° (1 mm); n*p 1.5064; vield 909%. Anal.
(C13H1802) C, H.

4-(p-Methoxyphenyl)-5-methyl-3-hexanone was obtained in
689 yield by the alkylation of 4-(p-methoxypheuyl)-3-butanone
with isopropyl lodide and NaOMe: bp 133-136° (4 mm);
n¥p 1.5070. Anal. (Ci4Hy0:) C, H. This standardized alkyla-
tion procedure was used for the following ketones: 3-phenyl-2-
butanone,4-phenyl-3-hexanone, 3-(p-methoxyphenyl -2-butanone,
2-phenyl-3-pentanone, 2-(p-methoxyphenyl)-3-pentanone, and 4-
(p-methoxyphenyl)-3-hexanone.

4-(p-Hydroxyphenyl)-3-hexanone.—A mixture of 78 g (0.38
mol) of 4-(p-methoxyphenyl)-3-hexanoune and 500 ml of 489,
HBr was heated under reflux for 20 hr and allowed to cool,
poured into water, and extracted with CHCl;. The product was
distilled, bp 160-165° (2 mm). On cooling the product solidified
and was recrystallized from hexane: mp 63-65°; vield 45 g
(629%). Anal. (CHys0y) C, H.

4-(p-2-Diethylaminoethoxyphenyl }-3-hexanone.—To a reflux-
ing solution of 5 g of Na in 300 ml of EtOH was added 38 g (0.2
mol) of the above phenol followed by 27 g of diethylaminoethyl
chloride. The mixture was refluxed with stirring for 12 hr. The
EtOH was removed in vacuo on the steam bath and the residue
was dissolved in H.O and extracted with CHCl;. The product
was distilled: bp 165-170° (1 mm); n%p 1.5052; yield 275 g
(489). Anal. (CisHeeNO;) C, H. The hydrochloride, mp 134-
135°, was recrystallized from EtOH-Et.0. dnal. (CisH2NO:-
HCH C, H, N.

p-(2-Diethylaminoethoxyphenyl 2-Pyridyl Ketone (VIa).—
This ketone was prepared from 47 g (0.23 mol) of p-hydroxy-
phenyl 2-pyridyl ketone, 5.8 g of Na, and 34 g of 2-diethylamino-
ethyl chloride in 300 ml of EtOH: bp 206-212° (1 mm); n%p
1:)835. yleld 45.5 g (66({2) Anal. (C\gszN‘;Oi): C, H.

In the same manner, p-(2-diethylaminoethoxyphenyl 3-
pyridyl ketone (VIb) was prepared iu 439, yield: bp 207-215°
(1 mm), n®p 1.5830. Anal. (CmszNzO?) C, H.

p-Diethylaminoethoxyphenyl 2-thienyl ketone (V1c) had bp
237-240° (2 mm); n®p 1.5955; yield 68%. Anal. (Ci;HaNO:S)
C, H.

Method 1. 4-(p-Methoxyphenyl)-3-(2-pyridyl)-3-hexanol.—
To an EtO (500 ml) solution of n-BuLi prepared under N, at
—10° from 5.5 g (0.8 g-atom) of Li shot and 55 g of n-BuBr (0.4
mol) was added, at —40°, a solution of 63 g of 2-bromopyridine
(0.4 mol) in 100 ml of Et,0. The mixture was stirred for 20-30
min and an Et.O solution of 41 g (0.2 mol) of 4-(p-methoxy-
phenyl)-3-hexanone was added dropwise, and, after 2 hr, the
mixture was permitted to warm to room temperature and stirring
was continued for 6 hr. Ice-H.O was added and the organic

(7) Melting points are uncorrected and were obtained on a Thomas—
Hoover melting point apparatns, Microanalytical results were obtained by
the Physical-Analvtical Department of the Schering Corp. Where analyses
are indicated only by symbols of the elements, analytical results obtained
for those elements were within £0.4% of the theoretical values.

(8) I". W, Hoover, and H. B. Hass, J. Org. Chem., 12, 501 (1947}, also
B. R. Baker, J. Amer. Chem. Soc., 65, 1572 (1943).

(9) R. Royer and E. Bisagni, Bull. Soc. Chim. Fr., 395 (1960).
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material was extracted with Et,0. The combined IEtO solutions
were extracted several times with 109, HCI and the acid extracts
made bastie (NH,OH) and extracted with CHCL. The CHCI,
was removed and the brown oily residue was triturated with colid
petroleum ether. The crude erystalline product (i=omer A} was
filtered and the petroleum ether filtrates were coucentraled and
distilled #n vacuwo. In several examples (Table I) the crude
carbinol mixture was distilled prior to trituration and the distil-
late =olidificd on standing. ‘The solid isomer A was obtained
therefrom by erystallization from the designated solvent.

Stmilar metallation  procedures were used with 3-bromo-
pyridine, 2-bramothiazole,” and l-methylimidazole.t

Method 11,  1-(p-2-Diethylaminoethoxyphenyl)-1-(2-pyridy})-
2-{ p-methoxyphenyl)ethanol.-—-p-Methoxybenzyl chloride (31 g,
0.2 mol) in 200 ml of Et,0 was added dropwise with stirring at
reflux 1o 24 2 (1 mol) of Mg and 200 ml of EtO over a period of
2-2.5 o, The cloudy solution was decanted from the excess Mg,
20 g (0087 mol) of p-(2-diethylaniinoethoxyphenyl) 2-
pyridyl ketone bt an enqual volume of I, was added dropwise,
and the mixture heated for 6 hir. A solution (209) of NHLCI was
added, the produet was extracted with Et,O, and the residue,
after vrmaval of splvent, was triturated with petroleum ether.

1-(p-2-Diethylaminoethoxyphenyl)-1-( 2-thienyl }-2-( p-methoxy-
phenyl)ethylene (VID).—Using the procedure of method II from
25 g (.08 mol) of p-(2-diethylaminoethaxyphenyl) 2-thienvl
ketone, this componud was obtained as a viscous red oil which

would not erystallize: yield 23 g (7197): bp 235-230° (0.8 nuul.
Anal. (Cy;l1NO,8) C, 1.
Method III. Reduction Procedure.——A soluiion of 0.03 mol of

pyridylearbinel in 150 ml of abs EtOH countaining 4.0 ml of coned
TICI was reduced i a Parr hydrogenator at room temperature in
the presence of 0.5 g of PtQs  The reduction was permitted ta
run overnight, the catalyst was filtered, and the filtrate was
concenlrated to dryness in vacuo. The residue was dissolved in
11,0, neulldli/ed (Nll OI), and extracted with CHCl;.

Method IV.—T'o a suspension of NaNIl, prepuared from 14 g
(0.6 g-atom) of Na in about S0U ml of anhyd liquid NHs in the
presence of Fe(NOs)s catalyst was added an equivalent molur
amount. of the picoline in an equal volume of Et0, and the
mixture was sthrred for an additional hour. The ketove (0.3
mol) was added dropwise and stirring continued for 1 hr. NH,C1
(45 g) was added cantiously followed by 400 ml of anhyd Et.0,
and the NHs was allowed to evaporate, usually overnight. Tee-
O was added, and the Et,0 layer was extracted (106 HCI) and
disearded.  The acid extracts were busified (N11,011; and ex-
tracted with CHCl.  The solvent was removed aid prodiet
tsolated as in Table 1.

Method V. Dehydration Procedure.-—A mixture of 0.1 mol
of earbinol, 60 ml of coned 1HC, and 200 ml of glacial HOA¢ was
hented under reflux for 4 i, The solution was councentraled
i vacuo on the steam bath. The 1TC salt which of ten erystallized
on skndding was reerystallized.  The free amine was obtained by
nentralizing (NILOILD) a1 nqueoas selution of the HCI calt and
extraction (CIHCly). The solvendt was removed and product
tsolated as indicated in Table I1.

Method VI. Dehydration Procedure.—~A mixture of tertiary
carbinol and 4 times its weight of finely powdered potassiiun
[)\1()3\11ful( was heated i o bath at an external temperature of

{0y R, D l\ull«]) and E. V. Byowew, J. dwer, Chem. Sov.. T4, n2BD
(1052),
P DAL Sldriey and PoW, Alley, &0l 79, 025 (1847).

V1A, of af,

260-270" with uceastonal manaml stivring »nul the wixtore figoe-
fiedd ard then for wn addittional 2 win. The cotive procedare
required aboual 20 mii. The dark green viseno-
poured while still hot into a large volume of jce, mitd the soloion
made basic (NHLOH) and exuracted with CHCL. The CTICL
extracts were washed (110 aud distilled.

Method VII.-—-A solution of 0.02 mol of the stilhazole i Table
11) in 150 ml of EtOF was hydrogenated in o Parr hydrogeosor
at room temperature in ihe presence of freshly prepared Raccy
Ni catalyst. M, nuptake was, in the m..inrit) of cases, very rgpid
and the reduetion was permitted to ran 2--3 hr. Do those cuses
it which the redaciion did not proceed 10\(11]\ partenialy n
llle 3-pyridyl series, the rencticie was earried ont ar H0- 557

3-20 hr. The catalysi was retoved and tle prodoet s :-lmn
l,)y distillation.

Method VIII. 1-(p-Methoxyphenyl)-1-bromopropane i
prepared from the commercially available ancthole by the follinw-
ing modified procedure.t2 Ton a cold (35 Lo 10 =olulicoc o1
14.5 g (DU moly of anethole in 50 ml of Loluene was added S g
of : 11111\(11())\\ H1Br (requires 3~5 i, The solindon was wivnned
to 0%, COy zas was bubbled throagh the mixture for 15 20
min, and the system was then flushed with Ny for 1520 pun.
The solution was then diluted with an equl vol of dey B0 sond
kepC ot —40° nntil required in the wext step, Sunilaly, a solu-
tion of l-tp-methoxyphenyljethanol €152 gi by 10D ml of Phile
was saturated with HBr gas for § e av 0% The lower 11O
Iayer waus removed and the PhiMe solution waos treated with Coy
and N s previously deseribed.  The solntien was dried « Nwe=ogs
and stored at - 10° vrtil needed.

To a solution of NaNH; [from 2.3 g of Na in 3 L of NI
1etNOz)e eatalyst]] 12 gl mol) of 2-n-propyipyridhe wis
added dropwisze and stivring continued for 0.5 In. The 1510
PhMe soluiion of p-meth(::.\'y})1‘1011yl-l-l)rmn:_)pmp:,\1\(- was sulded
dropwise and the mixture was stivred for an additional 4 hie
The Nz wus ther digplaced by 0, and the mixture was <(irred
avernight ot room tempernture, decompozed with 11,0, il
extracted with I5t.0,  The combined Et.O solution was exiraeted
(106, TICDH, and the acid extraets were newtralized (N11,011), ex-
tracted with CHClL, and distilled.

Method IX. Separation of Stereoisomers,—A solution of 153
w of 3-(p-meihoxyphenyl)-4-{2-pyridyDhexane in 2.5 L of auhy=
drous 10 was saturated with HCH anul precipititioo wis
complete.  The IO mixture was warined on the stemn bath for
i few minvles wo expel the exeess HCL, Et,0 was decanted anpd the
restdue was dissolved in 1.3 10 of auhyd ELOTI, elawibed with
charcoal, and filtered.  The product was precipitated with 5.5 Lo
wdiyd ELO. The prodnet, isomer A-ICL, was iltered and re-
PI‘VNtﬂHi/(’( oral times from EtOIT-EGOG:  mp 287 2507
vield 52 g (35°

The ﬁlll 1ic lmm tomer A-11CT was concenbided v racun to
dryness, dissolved in I1.0O, hastfiecd (NTLOH), extacted wirth
CHCly, sond distilied: bp 155160 ¢ mm ), yield 66 .

Alternate Separation of Isomers, Chromatography.- .\ ~ofa-
tion of 235 g of 2-( p-methoxypheuyD)-5-(2-pyridyDpentne in 300
wl of perdie wis chromatographed on 540 g of dumiim asiag
pentane as cloent and collecting fraetions of 12001500 vl
Tromer A (13 g3 frap H0-527) was eodlecred Do the best 1415 frae-
ttons, at which point the elnent wis elimnged tec O aod 145 2
of an oily residae was obtadied inthe siext 5 frnetioos Geoimer BB).

Aokt wos

VI20 ML R Kiugrasel sl M. Kighoon . onid., 85, 495 1045,



