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been reported in the literature. With certain of the tri- and
tetrahydroxyphenethylamines the corresponding tri- or tetrame-
thoxyphenethylaminel? was suspended in H;CCl; and cooled to
—60° and 6 equiv of BBr; in HeCCl; was added. The mixture was
allowed to warm to room temperature. After another 2 hr, excess
water was added and the products were absorbed on a Dowex
50-X8 column and eluted with 1 N HCl. After evaporation, the
amine hydrochlorides were recrystallized from methanol-ether
(vields 20-60%). This method proved more satisfactory than the
demethylation with HBr.19

All other compounds were from commercial sources or as pre-
viously acknowledged .?.15.19.20

[3H]-pL-Norepinephrine (sp act. 5-10 Ci/mmol) was purchased
from the New England Nuclear Corp. and from Sigma Chemical
Co. It was prepared in normal saline at a final concentration of 50
uCi/ml and stored at —20° until use.

Methods. All animal experiments were with National Insti-
tutes of Health, general-purpose, male albino mice of 17-20 g. In-
hibition of uptake of radioactive norepinephrine was assayed by
measurement of tritium content of cardiac tissue 20 min after in-
traveneous administration of 2.5 uCi of [*H]-pL-norepinephrine in
0.1 ml of saline either alone or in the presence of the test sub-
stance. Details of the methodology have been reported.1®.20 Re-
lease of radioactive norepinephrine was assessed by measurement
of tritium content of cardiac tissue 3 hr after intravenous admin-
istration of 5 pCi of [3H]-DL-norepinephrine in 0.1 ml of saline.
Compounds tested for releasing activity were administered 1 hr
after the norepinephrine. Details of the methodology have been
reported.®20 Long-term effects of compounds on uptake of ra-
dioactive active norepinephrine were measured after subcuta-
neous administration of the test compound. Five days later, the
tritium content of cardiac tissue was measured 20 min after in-
travenous administration of 5.0 uCi of [8H]-DL-norepinephrine in
0.1 ml of saline.19.20
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Antiarrhythmic Agents. 2-, 3-, and 4-Substituted Benzylamines
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The synthesis of a series of 2-, 3-, and 4-substituted benzylamine derivatives is described. These compounds were
studied for their effect on experimental cardiac arrhythmias. Many of the derivatives, but in particular 2-(p-
methoxyphenylethynyl)benzylamine (3d), a,a-dimethyl-4-(phenylethynyl}bénzylamine (7a), and «,a-dimethyl-4-
phenethylbenzylamine (12g), showed good antiarrhythmic activity.

a,a-Dimethyl-4-(«,0,83,8-tetrafluorophenethyl)benzyla-
mine (1), a new orally effective antiarrhythmic compound,
has been selected for clinical evaluation in man. The syn-
thesis,? pharmacological properties,? and metabolic dispo-
sition® of 1 have been described. Concurrent with this
work, ancillary explorations of the structure-activity rela-
tionships of a series of similar compounds were undertak-
en. Of particular interest was the extent to which the

tetrafluoroethyl bridge of 1 and related structures contrib-
uted to its potent antiarrhythmic activity. In order to de-
lineate this structure-activity relationship, a series of 2-,
3-, and 4-substituted benzylamine derivatives, having
substituents other than the tetraflurorethyl moiety, were
prepared and examined for antiarrhythmic activity.
Chemistry. Several possibilities exist for modifying the
tetrafluoroethyl bridge of 1. Changes that have been made
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Table I. Stilbene Derivatives

Q-CHQNHR
CH=CH—-©—Y
2
Stereo- Recrystn Proce-
Compd R Y chemistry Formula (analyses) Mp, °C solvent dure
2a H H Cis CysHsN+HC1 (C, H, Cl) 192-193 6 NHCI 3
2b H H Trans Cy;H;N+HC1+0.25H,0° (C, H, Cl, H,0) 213-214 H,0 3
2¢c CH, H Trans CyH(;N+HCl1 (C, H, N) 189-191 i-PrOH
2d H CH,0 Trans CyH;;NO+HC1+0.15H,0° (C, H, Cl, H,0) 204-205 H,0 3

aH,0: found, 0.22 mol. Sublimation of 2b at 138° (0.5 mm) did not change C and H values significantly. ®H20: found, 0.12 mol.

Table II. Ortho-Substituted Benzylamines

3
Compd Z Formula (analyses) Mp, °C Recrystn solvent  Procedure
3a H CysHy;N+HCI (C, H, C1) 187-188 {-PrOH-Et,0 1,2,3
3b F Cy;H;,FN*HCI (C, H, CI, F) 172-174 {-PrOH 1, 2,3
3¢ CH, CyH{,N+HCI (C, H, C1) 205-207 i-PrOH 1, 2,3
3d CH,0 CyH;NO -HC1 (C, H, Cl) 206.5-208 i-PrOH-Et,0 1,2,3
C’H3 Scheme 11
C6H5CFZCF2—©—CINH2 z
CH; H
1 \ 1. Bry
C=C —
\ 2. NaOC,H,
include replacement of this bridge by ethane, ethene, and H
Br
ethyne groups and also replacement by a heteroatom.

The cis- and trans-ethene-bridged derivatives 2a,b,d L CulN
(Table I) were prepared by LiAlH, reduction of the corre- OEC—Q—Z ——Lﬁﬁ-»
sponding cyanostilbene derivatives as shown in Scheme I. Z LiAlH,
The latter were prepared by the general method of DeTar Br
and Carpino.# The secondary amine 2¢ was obtained by
treating 2b with ethyl formate to give an N-formyl deriv- —_

X . C=C V/
ative which then was reduced.

CH,NH,
Scheme 1 3

CN .
CH.NHR Scheme III

O S E o S .
2 I—@-CIOH == I-@—C“NHCHO o=ty
DeTar’s method was also used to prepare the trans-stil- CH, CH,

bene derivatives shown in Scheme II (Z = H, F, CHs, 4 5
CH30). The addition of bromine to each of these com- CH; R,

pounds gave the respective stilbene dibromide that was | |
dehydrohalogenated to the acetylene derivative. Cyanide XCECOCNHCHO — XCEC—Q—CNHRE
replacement of the nuclear bromine atom in each of these |

acetylenes followed by LiAlH; reduction of the nitrile CH, R,
moiety gave the ethyne-bridged compounds 3 (Table IT). 6 7

A general procedure for the preparation of the benzyl-
amine derivatives 7a-g (Table III) is given in Scheme III. the Ritter reaction’ on 4. Freshly prepared copper(l) acet-

The common intermediate 5 was prepared by means of ylide salts then were condensed with 5 in refluxing pyri-
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Table II1. Para- and Meta-Substituted Benzylamines
ITJ
@—C——NHRX
XC=C"= |
R,
7 (para) and 8 (meta)
Recrystn
Compd Ry R, R, Position (X) Formula (analyses) Mp, °C solvent Procedure
7a CH, CH, H 4-CgH, CyH;N+HCI (C, H, N, C1) 278-280 i-PrOH-Et,0 4,5
T CH; CH, H 4-p-FCeH, Cy;HFN+HCI (C, H, N) 262-266 i-PrOH-Et,0 4,5
7¢ CH, CH, H 4-p-CH,C,H, CygHyyN» C,H,04° (C, H, N) 188-192 EtOH-Et,0 4,5
9d CH; CH; H 4-p-CH,OCH, Cy3HyyNO* C,H,04¢ (C, H, N) 202-208 i-PrOH-Et,0 4,5
7%¢ CH; CH; H 4-(3-Pyridyl) CygHyeN, * 2HCI1 (C, H, N, Cl) 278-280 EtOH-Et,0 4,5
7 CH, CH; H 4-n-CH, CysHy N+ CH,0,.2 (C, H, N) 133-135 H,0 4,5
7¢ CH, CH; CH, 4-CgH, CysHyyN+HC1 (C, H, N) 266-268 EtOH 4,5, 6
/N
Th CH, CH, H 4-( — ) CiHyigN,0+2HCL (C, H, C1, N)  228-230 MeOH-Et,0 ¢
%
(< | ‘H H, Cl, N) 297-300 MeOH—Et,0
M CH, CH, H 4 ;QCH}CJ') CyHyCIN, *HCIL (C, H, C1, N)  297-300 Me . ¢
7§ Cyclopropyl H 4-CgH; Cy;HysN (C, H, N) 117-118 Hexane c
8a CH, CH, H 3-C¢H; CyH;N+HCI (C, H, Cl, N) 212-213 EtOH-Et,0 4,5
8b CH, CH, H 3-(3-Pyridyl) C1¢HieN, » 2HCI (C, H, C1, N) 260-262 EtOH 4,5
eGlycolate salt. *"Maleate salt. ¢See Experimental Section.
Table I'V. Miscellaneous Benzylamines
R,
|
4 —(C—NH.
w ="
R,
Compd R, R, w Formula (analyses) Mp, °C Recrystn solvent
12a H H 2-C4H;0— Cy3H;,NO+ HC1 (C, H, N) 221-223 i-PrOH
12b CH; CH;  4-CgH,0— Cy5Hy;NO* C,H,04 (C, H, N) 166-171 EtOH-Et,0
12¢ CH, CH;, 4-CgH,S— Cy;Hy;NS«HCI (C, H, N) 205.5-209.5  EtOH-Et,0
12d H H 2-C¢H;S0,~ CygH(sNO,S+HCL (C, H, C1, S)  224-228 95% EtOH
12¢ CH, CH,  4-C¢H.S0,— Cy;H;NO,S *HC1 (C, H, N) 272-274 EtOH-Et,0
12f CH; CH;  4-C{H,COCO- Cy7Hy{NO, » C,H,04° {C, H, N) 164~166 EtOH
12g CH, CH,  4-CgH,CH,CH,~  CyHy,N+HCI1 (C, H, N) 225-228 #-PrOH-Et,0
12h® CH, CH, 3-1 C,H;,IN*HCI (C, H, N) 239-241 i-PrOH
124 CH; CH;  4-I CyH,INHCI (C, H, 1, N, C1) 269-270 #-PrOH-Et,0

2CoH403 = glycolate salt. ?Prepared by acid hydrolysis of N-formyl-a,a-dimethyl-3-iodobenzylamine according to the procedure used to

hydrolyze 5 to 12i.

dine to give generally good yields of the formamides 6.
Acid hydrolysis or LiAlH, reduction of the N-formyl
moieties of 6 gave the desired final products 7a-g.

The meta-substituted benzylamines 8a-b (Table III)
were prepared by an analogous reaction sequence.

T
Q—(IJNH&

The synthesis of 7j started with alkylation of nitrile 9
by 1-bromo-2-chloroethane to give the cyclopropane deriv-
ative 10a. Hydrolysis of 10a directly to 10¢c proved unsuc-
cessful in that hydration of the acetylene moiety occurred

during acid hydrolysis, and incomplete reactions occurred
during basic hydrolysis. This transformation was accom-
plished in a stepwise manner via the amide 10b. The de-
sired amine 7j then was prepared from acid 10¢ via a Cur-
tius rearrangement.

\W4
C‘;H_;CEC—@—CHQCN CBHSCEC-O—C\
X

9 10a, X =CN
b, X = CONH,
c. X =COOH

Five benzylamine derivatives, 12a-e (Table IV), having
a heteroatom bridge were prepared. The oxygen and sulfur
compounds 1la and 11b were synthesized by phenoxide
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and thiophenoxide displacement of the iodine of 5. Hydro-
gen peroxide oxidation of 11b gave sulfone llc. Acid hy-
drolysis of these formamide intermediates gave 12b, 12¢,
and -12e. The iodo compound 12i also was prepared by an
acid hydrolysis of the intermediate 5.

Wolfe® has shown that reaction of acetylenes with NBS
in DMSO gives good yields of 1,2-diketones. Application
of this reaction to 6 (X = CgHs) gave, after hydrolysis,
12f,

Hydrogenation of 7a proceeded smoothly over PtOz to
give 12g, the hydrocarbon analog of 1.

C|H3 R,
C6H5A—©—CNHCHO /€>—C|NH2
| W |
CH, R,
la, A=0 12f, R, = R, = CHy;
b A=S W = 4-CH,COCO-
c, A=S0, g R, =R, =CH;
W = 4-C,H,CH,CH,-
i, R,=R,=CH;
W =4I

Biological Activity. Antiarrhythmic activity was as-
sessed in a ventricular arrhythmia (VA) model in anesthe-
tized dogs. Small volumes of a sclerosing agent, tetrafluo-
rohexachlorobutane (TFHCB), were injected into the an-
terior descending coronary artery which resulted in myo-
cardial damage in the area supplied by the artery and
led to a multifocal VA within 2 min78 In control animals
33% died following ventricular fibrillation shortly after the
onset of the VA. Due to the high incidence of fibrillation,
compounds were evaluated according to their ability to
prevent or modify the development of the VA. Under the
experimental conditions in control animals less than 20%
of all ECG patterns recorded during a 60-min post-infarc-
tion period were of sinus origin (normal). A description of
the testing method is given in the Experimental Section.

Data relating to the effects of 1 and the standard an-
tiarrhythmic agents and (-adrenergic blocking agents in
this experimental infarction arrhythmia model have been
published.1-9.10

Structure-Activity Relationships. Comparison of the
ED7s values in Table V shows that many of the com-
pounds are more active as antiarrhythmic agents than
quinidine when tested under similar conditions. The most
active compounds (EDzs < 0.8 mg/kg) are 3d, 7a, and
12g. Replacing the tetrafluoroethyl bridge of 1 with a het-
eroatom significantly reduces activity (c¢f. 1 with 12b, 12¢,
and 12e). This conclusion appears valid whether the sub-
stituents are located ortho (12a and 12d) or para (12b,
12¢, and 12e). The benzylamines 12h and 12i, lacking the
whole tetrafluorophenethyl moiety of 1 but having a large
iodine atom in the meta or para positions, respectively,
are inactive at the highest dose tested.

When the tetrafluoroethyl bridge of 1 is replaced by an
ethyne bridge, a compound (7a) of comparable antiar-
rhythmic activity is obtained. The addition of nuclear
substituents in the terminal aromatic ring of the ethyne
bridged compound 7 to give 7b, 7e, and 7d has an adverse
effect on activity. Also, when the phenylethynyl group is
moved from the para (7a) to the meta (8a) position, re-
duced activity is observed.

Good antiarrhythmic activity is maintained when the
tetrafluoroethyl bridge of 1 is replaced by an ethane unit
thus showing that antiarrhythmic activity is not contin-
gent on the presence of fluorine atoms in 1. However,
under other experimental conditions, the oral duration of
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Table V. Compounds Prepared for Testing as

Antiarrhythmic Agents
Iv dose, ECG pattern,’ EDy;,°
Compd mg/kg Ne % normal mg/kg
Stilbene Derivatives (2, from Table I)
2a 5.0 2 24
2b 2.5 2 94 1.7
0.6 2 24
2¢ 2.5 2 88 2.4
1,25 3 38
2d 2.6 2 55
Ortho-Substituted Benzylamines (3, from Table II)
3a 2.5 4 87 2.5
1.25 4 36
3b 2.5 2 58 5.4
1.25 3 13
3¢ 1,25 4 86 1.7
0.6 3 21
3d 1.25 2 97 0.65
0.3 3 60
Para- and Meta-Substituted Benzylamines
(7 and 8, from Table II)
Ta 1.25 5 93 0.8
0.3 5 47
o 2.5 2 71 2.9
1.25 2 43
Te 2.5 2 56 5.0
1.25 1 6
Td 5.0 2 18
Te 1.25 3 76 1.2
0.6 3 53
7f 2.5 2 96 1.0
1.26 3 88
g 2.5 2 61 3.5
1.25 2 31
Th 2.5 2 63
Ti 2.5 2 36
7j 1.25 2 37
8a 5.0 1 88 5.4
2.5 1 38
8b 5.0 2 92 5.4
2.5 2 23
Miscellaneous Benzylamines (12, from Table IV)
12a 2.6 2 60
12b 2.5 3 59 3.8
1.26 3 27
12¢ 2.5 2 58
12d 2.5 2 72 6.3
1.25 2 32
12¢ 2.5 2 12
12f 2.5 2 39
12¢ 2.5 2 99 0.32
0.04 4 30
12h 5.0 2 0
121 5.0 2 0
1 2.5 3 98 0.6
1.25 3 89
0.5 10 5
0.25 4 50
0.06 9 35
Quinidine 10.0 4 89 7.6
5.0 12 46
2.5 4 25
Control NaCl 50 13

N = number of animals. #See Experimental Section.
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action of 12g was short when compared to 1 (unpublished
observation).

Whereas nuclear substituents in the terminal benzene
ring of 7 (e.g., Th, 7c, and 7d) have an adverse effect on
the antiarrhythmic activity, nuclear substituents (Z) in
the acetylene derivatives 3 can have a beneficial or ad-
verse effect. Thus, the methoxy-substituted compound 3d
shows activity comparable to 1, while the fluoro com-
pound 3b is less active than the parent compound 3a.

Experimental Section

Where analyses are indicated only by symbols of the elements
or functions, analytical results obtained for those elements or
functions were within £0.4% of the theoretical values. The ir
{Perkin-Elmer Model 21 spectrophotometer) and nmr spectra
(Varian A-60A) were consistent with all assigned structures. All
boiling points are uncorrected; melting points were taken on a
Thomas-Hoover Uni-Melt capillary melting point apparatus and
are uncorrected. Where several compounds of similar structure
have been prepared by a particular method, only one example
has been given.

Phenylacetylenel! and 1-hexynel? are commercially available.
p-Fluorophenylacetylene,’®  p-tolylacetylene,}* p-anisylacetyl-
ene,1® 3-pyridylacetylene,® and copper(I) iodide!? were prepared
by literature procedures. Each of the acetylenes was purified thru
its solid silver salt. The copper(I) salts of the above acetylenes
were prepared by a method based on that described by Gensler®
tor hexynyl-1-copper.

cis- and trans-2-bromostilbenes and cis- and trans-2-cyanostil-
henes were prepared by the method of DeTar and Carpino.4
Starting with 4-fluoro-, 4-methyl-, and 4-methoxyphenylacetic
acids, and using the above method, trans-2-bromo-4’-fluorostil-
bene, trans-2-bromo-4’-methylstilbene, and trans-2-bromo-4'-
methoxystilbene, respectively, were prepared.

The preparation of the compounds in Table II is exemplified by
the preparation of 2-(phenylethynyl)benzylamine hydrochloride
(3a).

Procedure 1. To a solution of 27.39 g (0.106 mol) of trans-2-bro-
mostilbene in 100 ml of CCly was added dropwise a solution of
16.9 g of Brs in 50 ml of CCly. After the addition, the solution was
stirred for 1 hr at room temperature. Removal of the solvent gave,
after recrystallization from heptane, 2-bromostilbene dibromide,
mp 181-183° (lit.* 182-183°). To a solution of 9.2 g (0.4 mol) of Na
in 150 ml of EtOH was added 15.0 g (0.036 mol) of 2-bromostilbene
dibromide. The mixture was refluxed for 1 hr. The bulk of the
EtOH was removed by evaporation and H,O was added. The oil
that precipitated was extracted into EtzO. Evaporation of the
Ft,0 gave 8.3 g of 2-(phenylethynyl)bromobenzene that was 95%
pure by gle and showed the characteristic acetylene absorption at
2250 cm "1 in the ir.

Procedure 2. A mixture of 8.3 g (0.032 mol) of 2-(phenylethyn-
yl)bromobenzene, 3.18 g (0.036 mol) of CuCN, and 2.81 g (0.036
mol) of pyridine was refluxed for 3 hr. The residue was parti-
tioned between Et;0O and 3 N HCI and filtered. The Et,O phase
was removed and washed with 3 N HCl and HpO and dried
(MgSQy4). The residue was distilled to give 2.16 g (33%) of 2-
(phenylethynyl)benzonitrile, bp 127-129° (0.1 mm).

Procedure 3. To a cooled solution of 0.69 g (0.018 mol) of
LiAlH, in 15 ml of Ets0 was added dropwise over 0.5 hr a solu-
tion of 2.16 g (0.0165 mol)} of 2-(phenylethynyl)benzonitrile in 25
ml of Et0. After stirring for 1 hr, 4 N NaOH was added slowly
until a clear Eta0 phase was obtained. The Et;O was decanted
and the gelatinous residue was reextracted five times with Et,0.
After drying (MgSO,), the combined ether phase was treated
with HCl(g) and the product was recrystallized to give 3a.

trans-N-Methyl-2-styrylbenzylamine Hydrochloride (2¢). A
solution of 1.54 g (0.00736 mol) of the free base of 2b in 50 ml of
ethyl formate was refluxed for 24 hr. Evaporation of the solvent
gave a crystalline N-formyl derivative. This material, dissolved in
50 ml of CgHg, was treated with 5 ml of “Red-Al.” 11 After stand-
ing overnight, 3 m! of HoO was added, the C¢Hg was decanted,
and the gummy residue was extracted with CgHg. Evaporation of
the combined extracts gave an oil that was treated with HCl{g)
to give 2c.

The synthesis of compounds 7a-g and 8a,b (Table IIl) is exem-
plified by the preparation of a,a-dimethyl-4-(phenylethynyl)ben-
zylamine hydrochloride (7a). «,a-Dimethyl-4-iodobenzyl alcohol
{4) was prepared by action of excess CHzMgBr on ethyl-4-iodo-
benzoate, Using the procedure described by Ritter and Kalish,?
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alcohol 4 was converted to the N-formyl derivative 5 in 23% yield.
[The major by-product from this reaction was shown to be 2-(p-
iodophenyl)prop-1-ene.]

Procedure 4. N-Formyl-«,«-dimethyl-4-(phenylethynyl)ben-
zylamine (6, X = CgHs). A mixture of 21.2 g (0.073 mol) of 5,
11.7 g (0.071 mol) of freshly prepared copper(I) phenylacetylide,
and 300 ml of pyridine was refluxed under N3 for 10 hr. The ho-
mogeneous reaction mixture was poured over 2 1. of ice and then
was extracted with three 400-ml portions of CgHg~Et20 (1:1). The
combined extracts were washed with @ N HCl and H;0, dried
(MgS80,), and filtered.

Evaporation of solvent gave 15.77 g (85%) of crystalline 6 (X =
CeHs) that was recrystallized from {-PrOH, mp 135-141°.

Procedure 5. «,w-Dimethyl-4-(phenylethynylibenzylamine
Hydrochloride (7a). A mixture of 0.5 g of 6 (X = CgHj), 10.7 ml
of glacial HOAc, 7 ml of H20, and 1 ml of concentrated HCl was
refluxed for 2.5 hr. Evaporation of solvent gave 0.45 g (87%) of 7a.

Procedure 6. N,a,x-Trimethyl-4-(phenylethynyl)benzylam-
ine Hydrochloride (7g). A solution of 1.0 g (0.0038 mol) of 6 {X =
CgHs) in 10 ml of CgHg was reduced by addition of 2.7 ¢ of “Red-
Al 12 After standing overnight. 2 ml of HoO was added, the
CgHg was decanted, and the gelatinous residue was extracted
with Et,0. Evaporation of the combined extracts gave 0.80 ¢
(85%) of oil that was treated with HCI(g) to give 7g.

3-[4-(a,a-Dimethylaminomethyl)phenylethynyl]pyridine  i-
Oxide Dihydrochloride (7h). A solution of 6 (X = 3-pyridyl) (2.0
g, 0.0076 mol) in 20 ml of glacial HOAc was treated with 2 ml of
30% Hz02. The solution was heated to 85-90° for 5 days, and each
day a fresh 3-5-ml aliquot of 30% H.O. was added. The cooled
solution was made basic with 20% NaOH. The solution was ex-
tracted with three 100-ml portions of CHCls, and the combined
CHCI; extracts then were extracted with three 75-ml portions of 6
N HCI. The combined acid extracts were concentrated to dryness
on a rotary evaporator at 70° to give 0.55 g (22%) of 7h.

3-[4-(a,a-Dimethylaminomethyl)phenylethynyl}-1-methylpy-
ridinium Chloride Hydrochloride (7i). A solution of 2.90 g of 6
(X = 3-pyridyl) in 100 ml of CH3I and 50 ml of CH3OH was re-
fluxed for 12 hr. Evaporation of the solvents gave a foam that was
dissolved in a mixture of 100 ml of glacial HOAc¢, 10 ml of concen-
trated HCI, and 57 ml of Hz0O. After refluxing for 4 hr, the sol-
vents were removed by evaporation and the residue was dissolved
in water and passed over a column of Dowex-1 (Cl~). Evapora-
tion of the water and crystallization of the residue from MeOH-
Et,0 gave 7i.

1-(Phenylethynyl)phenylacetonitrile (9). To a solution of 6.0 g
(0.0288 mol) of 4-(phenylethynyl)benzyl alcohol?® in 100 ml of
CHCl; was added dropwise 7 ml of SOCl;. The solution was
stirred at room temperature for 6 hr. Evaporation of the solvents
left a solid that was sublimed at 65° (0.05 mm) to give 6.0 g (92%)
of 4-(phenylethynyl)benzyl chloride. mp 61.5-63.5°. Anal
(C15H15C1) C, H.

A mixture of 3.72 g (0.076 mol) of NaCN and 30 ml of dry
DMSO was heated to 90-95°. On cooling to 35°, the mixture
formed a gelatinous mass that was stirred manually while 8.0 g
(0.0354 mol) of the chloride was added. The mixture was stirred
overnight and poured into 400 ml of HpO. The precipitate was
collected, dissolved in Ce¢Hs, washed with HyO, and dried
(MgS0y4), and the solvent was removed. The residue was recrys-
tallized from cyclohexane to yield 13.25 g (88%) of 9, mp 76-79°.
An analytical sample was prepared by sublimation at 80° (0.05
mm), mp 78-80°. Anal. (C16H11N) C, H, N.

1-[4-(Phenylethynyl)phenyljcyclopropanecarbonitrile (l0a).
Sodamide, prepared from 0.46 g (0.02 g-atom) of Na and suspend-
ed in 10 ml of KEt20, was stirred at room temperature while a so-
lution of 2.17 g (0.01 mol) of 9 in 15 ml of Et20 was added drop-
wise. The mixture was refluxed for 4 hr and then cooled in an ice-
salt bath while a solution of 1.43 g (0.01 mol) of 1-bromo-2-chlo-
roethane in 2 ml of Et;O was added dropwise. The mixture was
stirred overnight at room temperature, refluxed for 4 hr, cooled,
and diluted with 20 ml of H2O. The aqueous phase was separated
and reextracted with Et;0, and the combined organic phases
were washed (H20) and dried (MgSOy). The oily solid residue
was freed from oil by trituration with a minimum of Et20 and
sublimed at 80° (0.05 mm) to vield 1.28 g (53%) of 10a, mp 86-
92°. Two recrystallizations from MeOH gave pure 10a, mp 93-95°.
Anal. (C1gH13N) C, H, N.

1-[4-(Phenylethynyl)phenyl]jcyclopropanecarboxamide (10b).
A mixture of 3.49 g (0.014 mol) of 10a, 20 drops of 25% KOH, 18
ml of 30% Hz0;, and 140 ml of MeOH was heated at 55-60° for 8
hr, with additions of 10 ml of 30% H20:; and 10 drops of 25%
KOH after 4.5 hr and 5 mi of 30% Hz0. after 6 hr. The product
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crystallized on cooling to give 3.03 g (81%), mp 174-176°. The
product was recrystallized from Cg¢Hg-hexane: mp 174-175.5°.
Anal. (C15H15N0) C, H, N.

1-[4-(Phenylethynyl)phenyl]jcyclopropanecarboxylic Acid
(10¢). A mixture of 2.92 g (0.0112 mol) of 10b, 90 ml of MeOH, 90
ml of THF, and 60 ml of 10% NaOH was refluxed for 66 hr. After
removing solvents, the sodium salt was collected and washed with
H0 and CH2Cl,. The precipitate was stirred in a mixture of 6 N
HCl and CH,Cl, until all of the solid had dissolved. The organic
phase was removed, washed, dried, and evaporated to yield 1.95 g
(66%) of 10c, mp 214-218°. The product was recrystallized from
CsHe—hexane, mp 215-218°. Anal. (ClsH1402) C, H.

1-[4-(Phenylethynyl)phenyljcyclopropylamine (7j). To a
stirred suspension of 2.52 g (0.0096 mol) of 10c in 12 ml of
Me2CO-2 ml of HeO cooled in an ice-salt bath was added drop-
wise a solution of 1.13 g (0.0112 mol) of Et3N in 9.5 ml of Me,CO
followed by a solution of 1.31 g (0.012 mol) of C1COOC.H;5 in 5.5
ml of Me,CO. After stirring for 0.5 hr, a solution of 0.94 g (0.0145
mol) of NaNj in 3 ml of HyO was added. After stirring for 1 hr,
the mixture was poured into 80 ml of H,O and the azide was ex-
tracted into toluene. The HzO-washed and dried (MgSO,) ex-
tract was heated for 0.5 hr on the steam bath and evaporated
to about 15 ml and benzyl alcohol (2 ml) was added. The mixture
was heated for 6 hr on the steam bath and filtered hot. N-Benzyl-
oxycarbonyl-1-[4-(phenylethynyl)phenyl]cyclopropylamine  pre-
cipitated from the cooled filtrate: 2.9 g (82%); mp 169-170°. The
material was recrystallized from CgHe¢-hexane and from i-PrOH:
mp 171-173°. Anal. (C25H21NO2) C, H, N.

A solution of the benzylurethane (1.0 g, 0.0027 mol) and 8 g of
KOH in 40 ml of n-BuOH was heated at 115-120° for 7 hr, cooled,
and poured into 250 ml of HyO. The aqueous layer was separated
and extracted with CgHg. The combined organic phases were
washed with H,O and extracted with 0.5 M citric acid. Neutral-
ization of the acid extract with 40% NaOH precipitated 0.51 g
(80%) of 7j as white crystals, mp 112-116°. The product was re-
crystallized from hexane: mp 117-118°. Anal. (C17H;5N) C, H, N.

2-Phenoxybenzylamine Hydrochloride (12a). 2-Cyanodiphe-
nyl ether was prepared from 2-bromobenzonitrile by the method of
Tomita and Sato:2° bp 125-127° (0.3 mm) [lit. bp 150-154° (1
mm)]. The compound was reduced by procedure 3 in 81% yield to
give 12a.

a,a-Dimethyl-4-phenoxybenzylamine Glycolate (12b). A mix-
ture of 1.45 g (0.0266 mol) of NaOCHs, 2.5 g (0.0266 mol) of phe-
nol, 7.67 g of 5, 20 mg of Cu dust, and 35 ml of CH3OH was
stirred for 2 hr. The CH3O0H was distilled off until a viscous resi-
due remained, and this residue was heated at 200-210° for 3 hr.
After cooling, the mixture was poured into HzO and extracted
with two 50-ml portions of Ets0-Ce¢Hg (1:1). These combined ex-
tracts were washed with 10% NaOH and H;O0 and dried
(MgS0y4). Evaporation of the solvent gave 5.61 g (93%) of a clear
oil that was converted to a hydrogen glycolate salt and was puri-
fied by recrystallization from EtOH-Et;0 to give 12b.

a,a-Dimethyl-4-thiophenoxybenzylamine Hydrochloride
(12¢). The above procedure was repeated except that thiophenol
was substituted for phenol. Work-up as above and recrystalliza-
tion gave 12c.

a,a-Dimethyl-4-(phenylsulfonyl)benzylamine Hydrochloride
(12e). A stirred solution of 0.50 g (0.0C18 mol) of 11b in 6 ml of
glacial HOAc and 1 ml of 30% H202 was heated at 80° for 3 hr.
After cooling, H»O was added until no further precipitation oc-
curred. The product was removed by filtration and dried to give
0.35 g of crystalline 1le. Hydrolysis of 1le by procedure 5 gave
0.48 g (84%) of 12e.

2-(Benzenesulfonyl)benzylamine Hydrochloride (12d). o-Bro-
mophenyl phenyl sulfone was prepared in 47% yield by a Friedel-
Crafts reaction between Cg¢Hg and o-bromobenzenesulfonyl chlo-
ride: mp 114-117° (lit.2? 118-119°). A mixture of 5.60 g (0.0188
mol) of o-bromophenyl phenyl sulfone, 1.85 g (0.0206 mol) of
CuCN, 56 ml of quinoline, and 5.6 ml of DMF was refluxed for 3
hr. After filtration, the black solution was diluted with 6 N HCI
and extracted with three 100-ml portions of Etz0. The combined
extracts were washed with 3 N HCl and H,0, and dried
(MgS0y4). Evaporation of solvent gave a tan crystalline solid that
was triturated and washed with hexane to give 3.40 g (75%) of o-
cyanophenyl phenyl sulfone, mp 99-102°.

A solution of 1.0 g (0.0042 mol) of o-cyanophenyl phenyl sulfone
in 25 ml of EtOH that was saturated with NH3 (g) was hydroge-
nated over 0.25 tsp of W-2 Raney nickel for 12 hr at 1500 psi and
75°. The catalyst was removed by filtration and the ammoniacal
EtOH was removed by evaporation. The hydrochloride salt was
prepared and recrystallized from 95% EtOH to give 12d.

Journal of Medicinal Chemistry, 1975, Vol. 18, No. 2 147

a,a-Dimethyl-4-(phenyloxalyl)benzylamine Glycolate (12f).
To a solution of 4.81 g (0.02 mol) of 6 (X = CgHjs) in 85 ml of dry,
distilled DMSO was added 5.65 g of NBS. After stirring at room
temperature for 4 days, an additional 0.5 g of NBS was added,
and the solution was stirred one additional day. The solution was
poured into 800 ml of H2O and extracted with three 100-ml por-
tions of C¢Hg. The combined CgHg extracts were washed with
H>0, dried (MgSO0,), and filtered, and the C¢Hg was removed on
a rotary evaporator. The residue was dissolved in a mixture of 100
ml of glacial HOAc, 84 m] of H,0, and 6 ml of concentrated HCI
and refluxed for 3 hr. The solvents were removed under reduced
pressure and 5% NaOH was added to the residue. The resulting
oil was dissolved in Cg¢Hg, washed with water, and dried (MgSQy4)
to give 5.0 g (91%) of a clear oil that was converted to the glyco-
late salt 12f.

a,a-Dimethyl-4-phenethylbenzylamine Hydrochloride (12g).
A solution of 1.0 g (0.0037 mol) of 7a in 200 ml of MeOH was hy-
drogenated over 0.36 g of PtO2 for 1 hr at 40 psi. The catalyst was
removed by filtration and the solvent was evaporated to give 0.75
g (74%) of crystalline 12g.

a,a-Dimethyl-4-iodobenzylamine Hydrochloride (12i). A
mixture of 1.0 g (0.00346 mol) of 5, 22 ml of glacial HOAc, 14 ml
of Hz0, and 2.2 ml of concentrated HCl was stirred and refluxed
for 15 hr. The solvents were removed on a rotary evaporator and
the residue was recrystallized from i-PrOH-Et20 to give 0.37 g of
12i.

Pharmacological Method. Beagle dogs of 5-6 months of age
and 6-10 kg of weight were used in all experiments. The animals
were anesthetized with vinbarbital (50 mg/kg iv) and heart rate
and blood pressure were recorded. Under artificial respiration and
direct visualization the anterior descending coronary artery was
identified and a small segment approximately 20 mm from the
ostia was freed from the surrounding myocardium. Mecamylam-
ine (1.0 mg/kg iv), a ganglionic blocking agent, was given 20
min prior to infarction to provide a more uniform preinfarction
heart rate. Test compounds were given 10 min prior to infarction.
The ECG was recorded prior to the test compound and immedi-
ately before infarction to measure effects on conduction (PR and
QT). The infarcting agent TFHCB was given into the anterior
descending coronary artery and the ECG was recorded every 2
min for 1 hr to determine the average electrical rate and the
number of normal complexes (defined as those of sinus origin).
From these data the per cent normal ECG patterns were calcu-
lated. For active compounds an ED7; was calculated, i.e., the
dose that would be expected to protect from the arrhythmia to
such a degree that 75% of all recorded ECG patterns were nor-
mal.
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Cardioselective 5-Adrenergic Blocking Agents. 1.
1-[(3,4-Dimethoxyphenethyl)amino]-3-aryloxy-2-propanols
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A series of 1-amino-3-aryloxy-2-propanols has been synthesized and examined for cardioselective 3-blockade. The
introduction of the (3,4-dimethoxyphenethyl)amino group lead to the most cardioselective agents. Structure-activity
relationships are discussed. Of the compounds tested 1-{(3,4-dimethoxyphenethyl)amino}-3-(m-tolyloxy)-2-propanol
was selected for clinical trial because of optimal potency and selectivity.

The first class of compounds which were shown to pos-
sess a significant degree of specificity for §-adrenergic re-
ceptors in the myocardium was the 3-amino-2-hydroxy-
propoxy-substituted anilides? of which practolol is the best
known example. It appears that the p-acylamino substit-
uent is responsible for the cardioselectivity in this series
and this has been substantiated by other workers.2

Recently it has been shown that it is possible to in-
crease the cardioselectivity in a series of 1-aryloxy-3-[(ar-
yloxyalkyl)amino]-2-propanols® by the proper choice of the
amino substituent. The present report is concerned with
the effect of various amino substituents on the §-blocking
activity and the cardioselectivity in a series of 1-amino-3-
(m-tolyloxy)-2-propanols (I). Previous investigators* had

OH

OCH,CHCH,NHR

CH,

shown that compound I (where R = isopropyl or tert-
butyl) possessed potent 3-blocking activity, but no selec-
tivity of action was demonstrated. However, early in our
investigations it became apparent that certain amino sub-
stituents did have an effect on cardioselectivity in this se-
ries and that this selectivity was optimum for the (3,4-
dimethoxyphenethyl)amino group. In addition, it was
shown that the incorporation of this amino substituent
into a series of 1-amino-3-(substituted phenoxy)-2-propa-
nols enhanced cardioselectivity in all cases. Furthermore,
incorporation of this same amino substituent into several
known 8-blocking agents produced the same effect.

Chemistry. The compounds were prepared by methods
previously described* where the 1-chloro-3-(substituted
phenoxy)-2-propanol (II) or 1,2-epoxy-3-(substituted phe-
noxy)propane (III) was treated with the appropriate
amine.

The various substituted phenethylamines were prepared
by lithium aluminum hydride reduction of the corre-
sponding substituted phenylacetonitrile, or when this in-
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/\
OCH,CHCH,
R.NH

R route A OH

@—OCH:CHCHJNHRJ
OH / R
| R,NH..
@—OCHJCHCHZCI route B

R

I

I

termediate was not commercially available, the g-ni-
trostyrenes were prepared as described by Gairaud and
Loppin® and then reduced with lithium aluminum hy-
dride.®

Pharmacology. An in vitro guinea pig model was devel-
oped to identify B-blocking agents with cardioselective
action.” Isoproterenol dose-response curves were deter-
mined on isolated atria and tracheal chains. Atrial re-
sponse was represented by an increase in heart rate, while
the tracheal response was represented by a decrease in
resting tone. Values were calculated and plotted as the
per cent of maximum response vs. concentration of isopro-
terenol in the incubation media. The antagonist concen-
tration generally worked with was 10-¢ M. The dose-re-
sponse curves following 3-blockade were shifted to the
right of control values proportional to the degree of isopro-
terenol inhibition. Thus, cardioselective agents demon-
strated a greater shift of the atrial vs. tracheal curves.

The Kz values, or apparent dissociation constants of the
antagonists, were calculated as described by Furchgott.?
Thus

Ky = [B]/(dose ratio — 1)

where [B] is the concentration of the antagonist, and the
dose ratio is the ratio of equipotent concentrations of the
agonist with/without test compound. The accuracy of the
Ky values so determined was contingent upon the pres-
ence of competitive inhibition, which was shown to be the
case with compound I because of the parallel nature of the



