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A series of 133 2-(2-pyridyl)-l,2-diarylalkanols, or compounds closely related to them, were synthesized and 
assayed for their hypocholesteremic and estrogenic activities in rats. Many of these compounds were active in 
both tests, but there is no necessary correlation between the two effects. Compound 16 was selected for pre
clinical toxicologic study, followed by a study of its hypocholesteremic effect in man. The compound selected 
was remarkably nontoxic in all species studied, but it had no hypocholesteremic effect in the dog, the monkey, or 
in man. 

We have been attracted by the possibility that chemi
cal modification of one of the many known synthetic 
estrogens3 might lead to a hypocholesteremic agent 
free of the clinical stigmata associated with use of 
frank estrogens in the male.4 This report describes a 
series of compounds that approaches this goal. 

The series to be described conforms, for the most 
part, to generic structure I; the specific members of the 
series and their biologic properties are described in 

OH H 

RiN, 

I 

Tables I-VI. The hypocholesteremic activities re
ported in the tables were determined by already pub
lished methods,5 and refer to oral dosages in the male 
Holtzman rat for 7 days at the dose level shown in 
parentheses. The estrogenicity figures (estrogenicity 
will be abbreviated as ES) refer to the number of 
micrograms of diethylstilbestrol that produces an 
estrogenic response equivalent to that produced by 1 
mg of the test compound, both given orally. Each of 
these figures was obtained by a standard modification6 

of the Allen-Doisy vaginal smear bioassay method,7 

by using adult ovariectomized rats of the Carworth 
CFN strain. The larger the ES figure the more estro
genic the compound. 

Compounds of type I were prepared by conversion 
of the appropriate benzylpyridine to its anion with 
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(3) IT. V. Solmssen, Chem. Rev., 37, 481 (1945); J. Grundy, ibid., 57, 
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F. F. Blicke and C. M. Suter, Ed., John Wiley and Sons, Inc., New York, 
N. Y., 1956, p 34. 
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phenyllithium, and addition of the anion to an ap
propriate carbonvl reagent (Tables I, II, and V). The 
presence of two asymmetric carbon atoms leads to the 
possible formation of two diastereoisomeric pairs. In 
many cases the two DL pairs, separated by fractional 
crystallization, exhibited different biological activities. 
Several attempts were made to resolve one of the more 
active DL pairs, but none was successful. 

Oxidation of the two DL pairs of I (Ri = Me, R2 = 
H, R3 = 4-SMe) (52, 53) with peracetic acid pro
vided the sulfones, 61 and 62. To prepare the p-hy-
droxylated compounds (27, 28) the phenols were pro
tected as the tetrahydropyranyl ethers before addition 
of the lithium reagent to the carbonyl group. Mild 
acid hydrolysis effected cleavage of the ethers to the 
desired phenolic products. Alkylation of the inter
mediate tetrahydropyranyl ether with 2-chlorotri-
ethylamine followed by in situ acid hydrolysis afforded 
the ether, II. 

(C2H6)2NCH2CH20 H 

p-HOC6H4 

p-CH3OC6H, 

CBH5 

Cr,H, 

Oxidation of certain of the analogs of I with per
acetic acid provided the corresponding pyridine N-
oxides tabulated in Table III. Several of the parent 
compounds were reduced to the piperidine derivatives 
by hydrogenation in acid over Pt0 2 (Table IV). The 
reduced materials were uniformly inactive as hypo
cholesteremic agents. 

Some of the analogs of I were dehydrated to the cor
responding propylenes (Table VI) by treatment with 
85% phosphoric acid or other mineral acid. The olefins 
were generally as active or more active than the parent 
carbinols. 

Treatment of the Grignard reagent from p-chloro-
benzyl chloride with phenyl 2-thienyl ketone followed 
by the usual work-up gave the olefin, 2-[2-(p-chloro-



TABLE I 

2-(2-I:iYiUDrL)-l,2-DlAKYLAL,K. 

OH H 

R.i 

2-01 
4-01 
H 

1,2,5,6-1I4 

1,2,3,4,5,6-H6 

2,3-01-, 
2,3-01, 
2,4-Cl2 

2,4-012 

2,5-Cl2 

3-Br 
3-Br 
4-Br 
2-01 
2-Cl 
3-C1 
3-01 
4-01 
II 
11 
2-F 
3-F 
3-F 
4-F 
II 
H 
3-0 H 
4-OH 
2-OCII, 
3-0C1I, 
4-0CH3 

2-CF3 

2-CF, 
3-OF3 

2,4-Cl2 

2,4-Cl2 

3-01 
3-C1 

Yield 
purified. 

% 

18 
37 
14 
21 
46 
18 
9.4 
1.2 

16 
34 

3.5 
24 
17 
13 
25 
16.5 

1 
69 

5'' 
3.4 
6.8 
2 
2 

63 
30 

1.8 
23 
43 
24 
37 
55 
10 
10 
10 
28 
15 
2 

17 

U p , °C 

122-125 
168-172 
144-146 
123-129 
102-104 
129-131 
160-164 
142-144 
152-153 
125-126 
116 119 
158-160 
122-124 
113-115 
112-114 
134-136 
108-110 
152-154 
135 140 
140-145 
103-105 
107-110 

97.5-100 
116-118 
133-135 
106-107 
125.5-126.5 
139-140 
126-129 
134-137 
160-162 
144-146 
156-159 
156 157 
165 167 
139-142 
125-127 
142-143.5 

Purificn 
solvent" 

A 
C 
A 
0 
B 
B 
B 
C 
B 
B 
c 
d 
V 
]) 

I) 
J 
J 
T 
E 
K 
E 
II 
I 
0 
B 
B 
L 
O 
B 
B 
A 
A 
A 
C 
C 
0 
0 
0 

Formula 

CoIInCINO 
0 ISII,6ClNO 
C,9H,7NO 
CioIIaNO 
C H a N O 
C-„II„C12N() 
CMHITCIJNO 

O M H H C L N O 

02„ITn012NO 
C,oH„Cl2NO 
CS0H,»BrNO 
C2oN„BrNO 
C2„IIJ8BrNO 
C\„II,801NO 
C,„II1801NO 
C2(1II„,ClNO 
0,,„H„,ClNO 
0:„II,„01NO 
CMH„CINO 
G-oIUClNO 
C,0H,»FNO 
02„II,8FNO 
C2„H,»FNO 
o^HuFNO 
O M T I 1 9 N O 

O20H lsNO 
C2()H„JN02 

C2oH,3N02 

C20II19NO2 

02„II,,,N02 

C2»H,.,N02 

C2,N,»F3NO 
CaH,»F,NO 
021ITl8F3NO 
C2lH19Cl2NO; 

C2,II,9Cl2NO; 

C2,TT,„ClNO 
0„H,„01NO 

R2 

C2 

Carbon, 
Calcd 

73.66 
73.66 
82.89 
81.68 
81.10 
67.04 
67.04 
67.05 
67.05 
67.05 
65.22 
65.22 
65.22 
74.18 

74 
74 
74 

18 

18 

18 

74.18 

74.18 

78.15 

78. 15 

78.15 

83.01 

83.01 

78.66 

78.66 

78.66 

78.66 

78.66 

70.58 

70.58 

70.58 

64.95 

64.95 

74.65 

74.65 

% 
Found 
73.59 
73.82 
82.97 
81.72 
80.87 
67.27 
66.82 
67.15 
67.17 
66.92 
65.25 
65.59 
65.65 
74.30 
74.27 
73.92 
74.44 
74.53 
73.65 
74.02 
78.11 
78.26 
78.41 
78.44 
82.91 
83.05 
79.65 
78.49 
78.67 
78.90 
78.50 
70.44 
70.66 
70.55 
65.04 
65.35 
74.52 
74 .85 

Hydrogen, % 
Calcd Found 

5.20 5.48 
5.20 5.26 
6.22 6.27 
7.58 7.51 
8.24 8.41 
4.79 5.02 
4.79 4.80 
4.79 4.88 
4.79 4.99 
4.79 4.96 
4.93 4.88 
4.93 5.09 
4.93 5.19 
5.60 5.66 
5.60 5.70 
5.60 5.67 
5.60 5.51 
5.60 5.86 
5.60 5.54 
5.60 5.55 
5.90 6.34 
5.90 6.07 
5.90 5.99 
5.90 6.02 
6.62 6.70 
6.62 6.77 
6.27 G.43 
6.27 6.24 
6.27 6.50 
6.27 6.41 
6.27 6.42 
5.OS 5.08 
5.08 5.09 
5.08 5.21 
4.93 5.19 
4.93 5.31 
5.97 5.85 
5.97 5.67 

Nitrogen, '/0 

Calcd Found 

4.52 4.37 

5.01 5.26 
4.98 5.03 

3.91 3.77 

3.81 3.90 
4.33 4.21 
4.33 4.16 

4 .33 4 .09 
4.33 4.21 
4.56 4,67 

4.59 
4.59 

3.92 
3.92 
3.92 
3.01 
3.61 
4.14 
I, 14 

4.20 
4.69 

4.09 
4 .03 
5.70 
i. 54 
i.28 

4.30 
3.99 

Decrease 
in serum 

cholesterol, 
/̂ /c 

(niK/kg/day) 

7 (5) 
0(5) 
0(5) 

0 (5) 
0 (5) 
15(5) 
19 (5) 
91 (5) 
46 (5) 
51 (5) 
0(5) 
0(5) 

37 (5) 
67 (5) 
23 (5) 
32 (5) 

5 (5) 
0(5) 
0 (25) 
10(25) 
44 (25) 
57 (5) 

0 (5) 
0 (5) 

34 (5) 

0 (5) 

0(25) 

20(25) 

88(25) 

0(25) 

14 (5) 

21(25) 

42 (25) 

14 (25) 

31 (5) 

0 (25) 

0 '25; 

Of 25) 

Kstro-
genicity 

0.2 
1.22 
1.28 
0.51 
0.55 

>4 
>4 
>4 

>4 
9.4 
3.2 
2.9 
0.67 
2.7 

2.40 

>4 
0.20 
0.65 

20 
0.79 

1,40 
1. SO 
1.22 

<4 

1.93 
>4 

3 
td 
d 
w 
o 

> 

M 
ft) 

td 
f > 
o 



39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 
72 
73 
74 
75 
76 
77 
78 
79 
80 
81 
82 
83 
84 
85 
86 

CH3 

CiH s 

CsH6 

CH3 

CH3 

CII, 
Cl l 3 

CH3 

CH3 

CH3 

C2H5 

CH3 

CH3 

CII3 

CH3 

CH3 

CH3 

CH3 

CH3 

CH3 

CH3 

CH2OCH3 

CH3 

CH3 

II 
CH(CH2)2 

CH(CHj). 
CH(CH2)2 

CH(CH2)2 

CH3 

CH3 

CH3 

C3H7 

CII3 

C2II5 

CH3 

CH3 

2-Thienyl 
CH(CH2)2 

CII(CH2)2 

CH(CH2)2 

CH3 

C6II5 

CH3 

CH3 

CH3 

CII, 
CH3 

4-C1 
H 
H 
4-C1 

2-ocn3 
2-OClI3 

H 
II 
H 
II 
II 
H 
H 
II 
H 
H 
H 
II 
H 
II 
H 
H 
H 
H 
H 
H 
II 
H 
H 
H 
H 
11 
H 
H 
H 
II 
H 
II 
H 
H 
H 
II 
H 
II 
II 
H 
II 
H 

4-CH3 

4-C1 
4-C1 

4-ocir3 
3-Cl 
3-C1 
2-CH3 

3-CH3 

4-CII, 
4-CH3 

II 
2-SCII3 

2-SCH3 

4-SCH3 

4-SCII3 

2-OCII3 

2-OCH3 

3-OCH, 
3-OCH3 

4-OCH3 

4-OCH3 

II 
4-S02CII3 

4-S02CH3 

4-N(CH3)2 

4-Br 
4-C1 
4-F 
H 
4-NIICOCH3 

2,4-(CH3)2 

3,4-(CII3)2 

II 
2-OCJI., 
4-OCH3 

2,5-(()CH3)2 

4-S02N(CH3)2 

H 
4-CIIa 
4-CH3 

4-OCII3 
4-0-(CH2)2N(CII3)2 

H 
3-0-C f,H3O 
4-0-C6II<,O 
4-0-C6TI.,()« 
4-0-(CH2)3N(CII3)2 

4-C6II5 

70 
9 
3 

75 
20 
12 
23 
17 
72 
23 
78 
42 
23 
40 
29 

5.4 
31 
11 
21 

6 
9 

25 
85 
85 
16 
4 

14 
14 
12 
3 

18 
8 

96 
58 
55 
14 
46 
26 

5 
4 

17 
11 
75 
26 
2 .5 

21 
3.1 

74 

148-150 
126-128 
158 
135-137 
155-156 
141.5-143 
79-83 

108-110.5 
127-129 
130-131 
153-156 
141-143 
98-101 

145-149 
95-98 

140-142 
109-110 
97-98 

121-123 
135-137 
146-151 
130-133 
151-152 
148-150 
156-159 
112-116 
118-122 
128-130 
141-142 
164-167 
148-149 
108-109 
150-153 
112-115 
14,5-148 
128-134 
166-168 
153-159 
115-116 
137..5-139.5 
105-106 
12.'?-125 
186-189 
135.5-136 
134.5-135.5 
165.5-166 

93-95 
157-159 

C 
C 

c 
c 
G 
G 
D 
K 
C 
B 

1) 
P 
P 
A 
B 
E 
C 
D 
A 
C 

Q 
Q 
C 
B 
B 
B 
C 
B 
B 
V 
D 
I) 
I) 
A 
R 
W 
C 
C 
B 
B 
I) 
G 
M 
N 
K 
S 

"AEtOAc; B, E tOII - I I 2 0; C, E tOH; D, MeOH; E, heptane; F, CC1„; G, E tOI l -E 
benzene; M, acetone-MeOH; N, acetone; O, acetone-isooclane; P, M e O H - E t 2 0 ; Q, a( 
heptane; V, petroleum ether-hexane; W, acetonitrile. 6 Combined yield before separation 

C,,H0C1NO 
GnllaClNO 
O.JUCINO 
C ;,H20ClNO2 

C2,H,„C1N02 

C21I120C1N02-
CuH2,NO 
C2,H21NO 
C21II21NO 
C2,H21NO 
C.,H21NO 
CnII2INOS 
C2IH21NOS 
C21H21NOS 
C21II,,NOS 
C21H21N02 

C21H2IN02 

CaII21N()2 

C2IH2IN02 

C21II21N02 

C21H21N02 

C 2 J I , ,N0 2 

C21H21N03S 
C21H21N03S 
CuH2 2N20 
C22H2„BrNO 
C22H20C1NO 
C22H20FNO 
C22H2,NO 
C22H22N2(>2 
C22II23NO 
C22H,3NO 
C22II23NO 
C22H23N02 

C22II23N02 

C22II23N03 

C^HalSWaS 
C23II19NOS 
C23H23NO 
C23H23NO 
C23H23N02 

C24II :,N202 

C15H2,NO 
C26II27N03 

C i 6H27N03 

C25H !7N03 

C2sTl30N2O2 

C26H23NO 

t2(); H, cyclohexane; I, isooetane; J, benzene-petroleum ether (bp 32-59°); K, M e O H - H 2 0 ; L, 
ie tone-n 2 0; K, E t 2 O T I I F ; S, Skellysolve C (bp 44-96°); T, cydohexane-EtOII; U, CHC13- oi 
57%. c Extracted with ether. d Extracted with CIIC13. " Tetrahydropyranyl. "^ 

74.65 
74.65 
74.65 
71.27 

HC1 64.60 
HC1 64.60 

83.14 
83.13 
83.13 
83.13 
83.13 
75.19 
75.19 
75.19 
75.19 
78.94 
78.94 
78.97 
78.97 
78.97 
78.97 
78.97 
68.66 
68.66 
79.21 
67.01 
75.53 
79.25 
83.77 
76.27 
83.25 
83.24 
83.24 
79.25 
79.25 
75.62 
66.65 
77.28 
83.85 
83.85 
79.97 
76.56 
85.44 
77.09 
77.09 
77.03 
76.89 
85.44 

74.69 
74.29 
74.38 
71.39 
64.64 
64.74 
83.29 
83.04 
82.98 
83.15 
83.43 
75.29 
75.29 
75.15 
75.56 
78.81 
79.17 
79.12 
79.25 
78.71 
79.18 
79.27 
68.31 
68.50 
79.45 
67.31 
75.59 
79.61 
84.18 
76.08 
83.48 
83.51 
83.14 
79.33 
79.42 
75.50 
66.62 
77.25 
84.01 
83.92 
79.70 
76.47 
85.50 
76.90 
77.10 
77.1S 
76.50 
85.26 

5.97 
5.96 
5.96 
5.70 
5.43 
5.43 
6.98 
6.98 
6.98 
6.98 
6.98 
6.31 
6.31 
6.31 
6.31 
6.64 
6.64 
6.63 
6.63 
6.63 
6.63 
6.63 
5.77 
5.77 
6.96 
5.11 
5.76 
6.05 
6.71 
6.40 
7.31 
7.30 
7.30 
6.95 
6.95 
6.63 
6.10 
5.36 
7.04 
7.04 
6.71 
7.50 
6.02 
6.99 
6.99 
6.99 
7.74 
6.34 

6.04 
6.13 
5.88 
5.75 
5.68 
5.68 
7.27 
7.11 
7.01 
7.13 
6.94 
6.50 
6.50 
6.24 
6.57 
6.73 
6.88 
6.90 
6.90 
6.56 
6.79 
6.88 
5.78 
5.86 
7.02 
5.17 
5.68 
6.40 
6.90 
6.49 
7.34 
7.51 
7.38 
7.08 
6.79 
6.58 
5.85 
5.26 
7.35 
7.07 
6.82 
7.56 
5.70 
7.00 
6.96 
7.43 
7.69 
6.55 

3.59 
3.59 
4.62 

4.18 
4.18 
4.18 
4.18 

4.39 
4.39 
3.81 
3.81 
8.80 
3.55 
4.00 
4.20 
4.44 
8.09 

4.20 

7.07 
3.92 
4.25 
4.25 
4.06 

3.60 
3.60 
3.60 

3.55 
3.52 
4.50 

4.18 
4.28 
3.84 
3.93 

4.50 
4 .71 
3.55 
3.49 
8.86 
3.58 
4.10 
4.22 
4.67 
8.17 

4.06 

6.98 
3.91 
4.09 
4.28 
3.96 

3.76 
3.47 
3.49 

0(5) 
22 (5) 

0(5) 
0(5) 

19 (25) 
0 (25) 

61(25) 
0(5) 
0 (5) 
0 (5) 

63 (5) 
0 (25) 
0 (25) 

19 (5) 
0(5) 

20 (5) 
0 (25) 

57(5) 
0 (5) 

58 (5) 
15 (5) 
0 (25) 
0(10) 
0(10) 
0 (5) 
0 (5) 
0 (25) 
0 (25) 

39 (5) 
0(10) 

28 (5) 
0 (25) 
0 (25) 

14 (25) 
62 (25) 

0(5) 
0 (25) 
0 (25) 

24 (10) 
32(10) 
39 (25) 
16 (5) 
0 (25) 
0 (25) 

37(25) 
35 (25) 

0(5) 
0(5) 

>4 
3.70 
2.60 
0.43 

0.38 
0.92 

15.3 

0.74 
0.87 
0.8 
0.78 

> 4 
0.18 

> 4 
1.03 

1.14 

> 4 

0.65 

31.23 

> 4 

0.88 
1.07 

> 4 
2.50 

27.04 

3.10 
> 4 

81.84 

^ H 

^ 
*< 
CD 

^1 

w 
O 
n !H

O
L

] E
S

T
E

] 

g 
5 
to 
1 

"to 
1 

2 
5 
t^ 

»—' 
"to 

1 

.H
V

IQ
 

> 
t"1 

P 2 
O 
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'lire 1.—Comparative dose-response curves for 16 and tri-
paranol. 
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phenyl-l-phenylvinyl]thiophene, directly. This ma
terial did not lower serum cholesterol when admin
istered at 25 mg/kg. 

a-(p-Methoxy-a-methylbenzyl)-a-phenyl-2-pyri-
dinemethanol (III), prepared from the lithium deriva
tive of 2-bromopyridine and 4'-methoxy-a-methyl-
deoxybenzoin, produced 36% lowering of serum 
cholesterol at a dose of 25 mg/kg. 

a'-4-Pyridyl-4-stilbenol, obtained from 4-benzyl-
pyridine and 4-hydroxybenzaldehyde, lowered serum 
cholesterol 16% at a dose of 25 mg/kg. 

Structure-activity relationships within the series 
are rather erratic, but several generalizations may be 
drawn: ring substitution of the pyridine moiety or the 
adjacent phenyl ring does not appear to enhance hypo
cholesteremic potency; linkage of the pyridine ring at 
positions other than 2 abolishes the activity; similarly, 
reduction of the pyridine ring abolishes the activity. 
The data suggest other correlations, but these are too 
vague and undocumented to permit further comment. 

Compound 16 (I, Rx = CH3; R2 = H; R, = 3-C1) 
was selected for clinical evaluation. Some of the pre
liminary biochemical studies leading to this choice 
will be presented in the following paragraphs. Com
pound 16, the higher melting DL pair, is soluble in water 
at 25° at less than 1 vg/m\ and unstable to aqueous 
base, and its hydrochloride salt is extensively hy-
drolyzed in water solution. Presumably the latter 
is due to a stronger tendency for internal hydrogen 
bonding than for simple salt formation. It has an 
ED30 ~ 7 mg/kg/day, an ES ~ 2.9 Mg of diethyl-
stilbestrol (DES)/mg, and an LD50 > 4 g/kg (acute, 
orally, or intraperitoneally in mice and rats). 

Figure 1 represents the dose-response curve for 16 
compared with that of a reference drug, triparanol.8 

The effects shown there are reached after 4 days of 
treatment and indicate, by comparison of ED30 values, 
that 16 is two to three times more active than tri
paranol. A plateau at about 67% depression of plasma 
cholesterol is suggested by the data. No drug refrac
toriness develops upon treatment for 6 weeks. The 

(8) F. P. Palopoli, Progr. Cardiovascular Diseases, 2, 489 (I960). 
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TABLE III 

2-(2-I ,vm«yL L-ijxii)E)-l,2-i>i.UiYi.AUiA..\<>L,s 

OH H 

-CfiR, 

No. 

101 
102 
103 
104 
105 
106 
107 
108 

" A, 

it 

2,4-Cl2 

2,5-Ch 
4-Hr 
3-Cl 
11 
11 
•1-0 (.'11 
3-OCH 

benzene-

Yield 
purified. 

% 
2 . 5 

20 
18 
71 

9 . 4 
29 
51 
32 

cyclohexane 

Alp. " c ; 

159-160 
166-167 
163-165 
168-170 
156-158 
148 
143-145 
156-157 

I 'urifien 
so lven t" 

A 

a 
D 
l>, 
C 
lj 
H 
1! 

B, C H t V E U O 

F u r m u l a 

CaoH'uChNOs 
C M H H C W N O I 

C a l l i s B r N O j 
CioHisClNOs 
CsoHieNOs 
C M H n N 0 2 
C21II21NO5 
C'nl l j iNOj 

C, heptane-

Cai 
Calcd 

6 4 . 1 8 
6 4 . 1 8 
6 2 . 5 0 
70 .69 
7 8 . 6 5 
7 8 . 6 5 
7 5 . 2 0 
7 5 . 2 0 

-EtOH; 

boa, V' 
f o u n d 

6 4 . 0 7 
6 4 , 0 7 
02 . 26 
7 0 . 8 0 
7 8 . 7 7 
7 8 , 9 6 
75 , 50 
7-1.85 

D, benzoin 

Hydrog 
( ' a lcd 

4 58 
1.58 
•1.72 
5 34 
6 27 
6 . 2 7 
0,3), 
0 .31 

-OHC1 

en, 'Y 

F o u n d 

4 . 5 8 
4 . 7 2 
4 . 8 9 
5 .50 
0. 40 
6 , 4 1 
0, 13 
6 16 

,̂ 

N'iin 
Calcd 

3 75 

1, 59 
1, 59 
1 18 
4 18 

gen, ' , 
F o u n d 

3 75 

4 . 58 
4 47 
3 .96 
1 33 

1 >eci-eiise 
in serum 
chules-
terul . 

'; 
dim, k g / d a y ) 

15 (5) 
0 ( 5 ) 
0 (5) 

18 (5) 
39 (5) 

0 (25) 
20 (5) 
22 (5) 

Fs l ro 
gonicil 

1 ,0O 
1 ,08 

27 
1 30 

TABLE IV 

2-(2-PIPEEIDINE)-1,2-DIAUYLALK-AXOLS 

OH H 

R. 
-C6H-

R, r ^ N H 

.No, 

109 
110 
111 
112 
1 13 
111 
115 
110 
117 
118 

« A 
corres 

Ri 

C l l j 
CI I 3 

C l l i 
( ' 11 . 
(.'111 
C d l s 

c^iu 
Call? 
CoHt 
C l h 

Its 
4-C1 
H 
4 - O C I b 
4-OCHs 
4-OCI ls 
11 
4-OCIJ.-
H 
11 
4-Csl l i 

acetonitrile; B 
pondir 

Yie ld 
purified, 

% 
68 
01 
74 
70 
58 
90 
82 
79 
92 
57 

EtOII -
g pyridylalkanol M 

M p , ° C 

265-267 dee 
128-130 
230-232 dec 
252-254 dee' ' 
118-120' ' 
232-234 dec 
251-253 dec 
269-271 dec 
255-256 dec 
137-139 

1I20: C, act 

Purifi en 
solvent.'1 F o r m u l a 

A 
IS 
C 
1) 
I'. 
A 
1) 
E 
D 
I' 

tone-

C ' M H M N O C M I C 

C S O H M N O 

C i i H n X O s - H C l 
C i i H n N O i - H C l 
C21H21NO2 
C S I H S T N O - H C " 

C M H M N O Z - H C I 

Ci .H.nNO-HC' l 
C » H 2 ; N O - H C I 
C2 t H 2 8 NO 

E t , 0 ; D, E tOH-
'as used to prepare this compound. 

Carl 
Calcd 

6 5 . 5 8 
8 1 , 3 1 
69 . 70 
69 , 70 
7 7 . 5 0 
72 .91 
7 0 . 2 8 
73 .42 
7 6 . 2 3 
84 05 

E t 2 0 ; Ii 
The stai 

on, % 
Found 

6 5 . 3 7 
8 1 . 2 9 
69 . 85 
09 . 78 
77 ,24 
7 2 , 8 2 
69.93, 
73 ,67 
7 5 . 8 8 
84 . 11 

, acetone; 
ting matei 

H y d r o 
Calcd 

0 . 8 8 
8. 53 
7 . 8 0 
7 80 
8 30 
8 10 
8 .04 
8 .30 
7 17 
7 .87 

F, M 

gen, ')',. 
F o u n d 

6 . 7 3 
8 .69 
7 .82 
7 , 9 3 
8 . 2 8 
8 . 2 3 
7 . 57 
8 . 4 5 
7 14 
7 86 

joir . » 

1 lei-rcase 
in scruni 

choles
terol , 

N i t rogen , '", ( m g / k g ' F s t n , -
Calcd F o u n d day") genici ty 

0 (25) I 1 

0 (25) 0 83 

0 125) 15 1 
O (25) 0 17 
O (25) 1 2 1 

The low-melting racemate oi' Iht 
ial used to prepare the free base 112 may have 

been contaminated with some high-melting isomer. 

animals consumed a, normal diet, but the effects are 
identical, relative to pair-fed controls, when the diet 
is mildly atherogenic9 and treatment is begun simul
taneously. 

Compound 16 does not affect the cholesterol levels 
of most tissues studied. The only significant effects 
are a 14% depression in total carcass cholesterol and a 
()()% depression in adrenal cholesterol at a dose of 2"t 
mg/kg. Despite its effect on adrenal cholesterol, 16 
does not impair adrenal sufficiency in ACTH-stressed 
animals. 

The mechanism of action of 16 is not yet known. I t 
does not affect, in vivo or m vitro, the rate of conversion 
of acetate- 14C to cholesterol or intermediate sterol 
concentration patterns1 0 in the liver, so the compound 
cannot be a synthesis inhibitor. Studies of the effect 
of 16 on the excretion of radioactivity after injection 

(9) Th i s d ie t is basical ly t h a t used by L. C. Fiilios, S. H. Andrus , G. V. 
M a n n , a n d F . J. S ta re , ./. Exptl. Med., 104, 539 (1950), b u t wi th 1 0 % corn 
oil, 1.5% cholesterol , a n d 0 . 5 % cholic acid ins tead of the concen t r a t ions 
{hey used. 

(10) T h e lack of effect of 16 on siei'ol a c c u m u l a t i o n p a t t e r n s was d e m o n 
s t r a t e d by the gas c h r o m a t o g r a p h i c p rocedure descr ibed by R o d n e y and 
co-workers . ; ' 

of cholesterol-4- I4C show no increased excretion rate of 
I4C-labeled compounds. In normal animals, the ex
cretion of these metabolites, chiefly bile acids, is ac
companied by reabsorption and recycling of part of the 
I4C-bile acids as micelles containing exogenous choles
terol (a reouirement for cholesterol absorption). The 
fact that there was no change in final fecal excretion 
rate, together with the knowledge that the known ab
sorption inhibitors, /3-sitosterol11 and cholestyramine,1-
do increase excretion would tend to rule out absorption 
inhibition as a mechanism of action. 

A comparison, shown in Figure 2, of the estrogenicity 
and hypocholesteremic effects of the more active; i)i. 
pairs of five compounds (69, 16, 115, 107, 86) shows a 
steady rise of estrogenic activity and a, completely 
erratic rise and fall of the hypocholesteremic values. 
This demonstrates rather conclusively the lack of a 
necessary correlation between the two types of activity 

(IF) L. Swell, 
Schueii ing, and ( 
(.1958). 

(12) U. W. Hal-kin.-, 
(1965). 

(... T r o u t , J r . , G. V. V a h o u n y , H. Field, ,!i\, S. yon 
It, d ' readwell , Proc. Soc. Exptl. Biol. Med., 97, 337 

M. I l a g c n n a n , a n d U. P. ./. .VMr., 87, 



TABLE V 

MISCELLANEOUS 2-(PYRIDYL)ALKANOLS 

OH H 

E_ -f-H. 
^ CH3 R. 

C2 

^ 1 

N o . 

119 
120 
121 
122 
123 
" A , 

Ri 

2-Pyridyl 
3-Pyridyl 
2-Pyridyl 
4-Pyridyl 
4-Pyridyl 

R* 

H 
II 
CH3 

C6H5 

C J I 5 

cyclohexane-heptane; B, 

R i 

4-OCH3 

4-OCH3 
4-OCII3 
4-C1 
4-OCH3 

E l O H - H 2 0 ; 

Yield 
purified, 

% 
45 

3.7 
5.8 

12 
12 

c, Etori; 

M p , ° C 

52-53.5 
90-91 

100-101 
150-158 
128-130 

Purif icn 
so lven t " F o r m u l a 

A C16H17N02 

B Ci 5 H n N0 2 

C Ci.Hi,N02 

D CaiH„ClNO 
E C21H21N02 

D, cyclohexane-benzene; E, CCU. 

TABLE 

2 - (2 -PYKIDYL)-1 -

(i?h , 
**$ I 

Carbon , 
Calcd 

74.05 
74.05 
74.67 
74.18 
78.96 

VI 

ARYLALKENES 

, p 
1 tt2 

Veil 

, % 
F o u n d 

74.24 
74.13 
74.84 
74.47 
78.78 

H y d r o g e n , % 
Ca lcd 

7.04 
7.04 
7.44 
5.60 
6.63 

F o u n d 

7.23 
7.02 
7.60 
5.79 
6.42 

Nitrogei 
Ca lcd 

5.75 

4.32 
4.39 

B, % 
F o u n d 

5.72 

4.25 
4.39 

Decrease 
in s e rum 

cholesterol , 

% 
( m g / k g / d a y ) 

0 (25) 
0 (25) 
0(5) 
0(5) 
0(5) 

E s t r o 
genic i ty 

0.33 
0.67 
0.42 

K 

O 

X 
0 
t-1 
CO rE

R
E

M
IC

 
2-(2-P

Y
R

ID
Y

L
 

No. 

124 
125 
126 
127 
128 
129 
130 
131 
132 
133 

• A , 

Ri 

CH, 
CH3 

CH, 
CH3 

CH, 
CH3 

Oil , 
II 
CH8 

CTT3 

CHClr-EtjO; 

R 2 

H 
C.II6 

C,H5 

CeHs 
CeH5 

CeHs 
C6H5 

C6H5 

c«n5 
C6H5 

B, hept 

R j 

4-OCII, 
H 
4-SH 
4-OCII3 
4-OCII3 

4-SCII3 
4-SCH3 
4-N(CH3)2 

II 
II 

Yield 
purified, 

% 
3 

17 
72 
74 
71 
44 
11 

14 
Traoe 

ane; C, MeOH; D, ElOII 

M p , ° C 

151-154 
72-83 

130-132 
99-101 

16.5-167 
77-79 

103-105 
165.5-166 
171-171.5 
177-180 

- H , 0 ; E, 

Purif icn 
so lven t " 

A 
B 
C 
D 
E 
F 
F 

.5 
A 
A 

EtOII-EfeO; 

F o r m u l a 

Cir,H15NOHCl 
C2 0HnN 
C2oH„NS 
C2iH l9NO 
C2 1TI1 9NOHC10. 
C2iH,»NS 
C2lII19NS 
C21H20N2 

CsoHiaNO6 

C2„IT„NO" 

F, ethyl acetate-pe 

C a r b o n , % 
Calcd 

68.82 
88.52 
79.17 
83.69 

5FI2() 72.72 
79.47 
79.47 
83.96 
83.58 
83.58 

troleum ether. ( 

F o u n d 

68.96 
88.32 
79.32 
83.64 
72.96 
79.53 
79.26 
84.03 
83.50 
83.87 

' These are 

ITydrogi 
Calcd 

5.77 
6.32 
5.52 
6.35 
6.10 
6.03 
6.03 
6.71 
5.96 
5.96 

N-oxides. 

3n, % 
F o u n d 

6.01 
6.37 
5.52 
6.41 
6.34 
5.91 
6.11 
6.70 
5.88 
5.93 

N i t r o g e n , % 
Calcd 

5.35 
5.16 
4.62 

4.41 
4.41 
9.33 
4.87 
4.87 

F o u n d 

5.39 
5.21 
4.36 

4.27 
4.20 
9.30 
4.94 
5.00 

Decrease 
in s e rum 

cholesterol , 

% 
( m g / k g / d a y ) 

0 (25) 
39 (5) 
72(5) 

85 (25) 
83 (5) 
92 (5) 

0(25) 
29(10) 

E s t r o -
gen ic i ty 

4.88 
> 4 

> 4 
> 4 
> 4 

0.81 

> w 

> 

> 
o 
f-1 

- 1 
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P 

0.65 
m 
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COMPOUND 
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ESTEREMIC 

DOSE 
(mg/kg/day) 

69 115 

25 

107 86 

Figure 2.—Dissociation of estrogenic and hypoeholesteremic 
effects in the rat for five of the compounds described in the tables. 

and shows that the hypoeholesteremic activity of a 
given compound could not result entirely from its 
estrogenicity. Although no compound of this series 
is completely nonestrogenic, the data suggest that a 
complete dissociation of the two types of activity should 
be possible. 

Compound 16 is remarkably nontoxic in several 
laboratory animals. In mice and rats, for example, the 
acute LDso is greater than 4 g/'kg, either orally or 
intraperitoneally. Subacute studies in dogs and 
monkeys showed no effects referable to drug toxicity, 
including estrogenicity, either grossly or histologically. 
These studies included, in the dog, a daily oral dose 
regimen rising from 10 to 1000 mg/kg in 24 days and, 
in the monkey, a daily oral dose rising in 26 days from 
•5 to 2400 mg/kg. The same was true when monkeys 
were given 400 mg/kg/day orally for 12 weeks. Estro
gen-equivalent doses of diethylstilbestrol in either of 
these species would produce unmistakable signs of 
estrogenicity, so the absence of these signs in 16-
treated animals supports further the view that the 
drug is not simply an attenuated estrogen. 

The toxicologic studies afforded, at the same time, 
an opportunity to study the effect of 16 on blood choles
terol levels in the larger laboratory species under a 
variety of dosage conditions. The drug is ineffective 
in this respect in both the dog and the monkey. 

Despite the inactivity of 16 in these species, a brief 
study of this agent in man still seemed essential as a 
means of assessing the trustworthiness of the rat alone 
as a screening animal for hypoeholesteremic agents. 
Doses of 16 (three per day) ranging from 25 to 200 mg 
were thus administered orally for 29 successive days 
to a group of 12 human males between 21 and 50 years 
of age.13 A control group of six male subjects of the 
same age distribution was given placebo capsules for 
the same period. All subjects had serum total-
cholesterol concentrations in excess of 250 mg/100 ml, 
but were otherwise normal and healthy by a number 

(13) The clinical trial was performed under the supervision of Dr. A. Z. 
Lane. Data are on file in the Department of Clinical Investigation, Parke, 
Davis and Comrjany, under the code designation, Cl-.Vot, 

of clinical laboratory criteria. Periodic determinations 
of serum cholesterol concentrations during treatment 
showed variations of less than two standard deviations 
from the individual subject's pretreatment average. It 
was therefore concluded that 16 is of no valueas a human 
hypoeholesteremic agent. 

Experimental Section14 

2-(2-Pyridyl)-l,2-diarylalkanols. Table 1. General Method. 
DL-a-(»i-ChIorophenyl)-a-methyl-/3-phenyl-2-i.yridineethanol 
(16, 17).—To 22.2 g (3.2 g-atoms) of finely cut lithium ribbon 
overlaid with 500 ml of dry ether was slowly added with vigorous 
stirring and under N2, 251 g (1.6 moles) of bromobenzene in 1 1. 
of ether. The addition was controlled to maintain rapid refktxing 
of the ether. The mixture was stirred for 1 hr after the addition 
was complete, and then 256 g (1.5 moles) of 2-benzylpyridine 
in 500 ml of ether was added rapidly, while cooling the reaction 
flask in ice. The resulting red mixture was stirred for 1 hr at 
room temperature. A solution of 223 g (1.44 moles) of m-
chloroacetophenotie in 500 ml of ether was added slowly with 
external cooling. The mixture was allowed to warm to room 
temperature and to stir at this temperature for 2 hr.15 About 
500 ml of saturated aqueous NIl/Cl solution was added cautiously 
with efficient cooling. The ether layer was separated, washed 
with water, and extracted with 1 I. of cold 2 A' HOI.16 The 
hydrochloride salt of the product separated as a dense oil, in
soluble in both the ether and aqueous phases. The crude oily 
salt was separated, washed with a small volume of water, and 
overlaid with a mixture of water and ether. Dilute NaOH 
solution was added with cooling until the aqueous layer was 
strongly basic. The ether layer was separated and the aqueous 
layer was extracted twice with ether. The combined ether ex
tracts were dried (MgSOi), treated with charcoal, filtered, and 
concentrated to about 1 1. Crystallization from the ether solu
tion gave a first crop of 177 g, nip 04-130°, and a second crop 
of 40 g, mp 94-121°. Addition of petroleum ether (bp 32-59°) 
to the residue yielded a third crop of 55 g of low-melting ma
terial. The original aqueous acid layer was made basic and ex
tracted with ether to give S.5 g of additional solid, mp 115-13(1°. 
The total crude yield was 00' , ' . The first and second crops 
were combined and allowed lo crystallize slowly from a mixture 
of benzene and petroleum ether to give two distinct, crystalline 
forms: prisms, mp 131- l.'!4°; needles, mp 114-110°. The two 
forms were separalcd mechanically.17 The prisms were re-
crystallized from a mixture of benzene-petroleum ether to give 
01 g of nearly pure product, mp 12,S-i:!5°. Three additional 
recrystallizations from the same solvent provided 33 g of the 
product, mp 134-130°. The needles also were recrystallized from 
benzene-petroleum ether to give 42 g of solid, mpS5-S9°. Three 
additional recrystallizations from the same solvent followed by 
a recrystallization from ethyl acetate-heptane gave 5 g of the 
other in, pair, mp lOK-110°. 

a-Methyl-a-(/)-methylsulfonylphenyl)-/3-phenyl-2-pyridine-
ethanol (62).—A mixture of 3.3 g (0.01 mole) of a-methyl-«-(ij-
methylthiophenyI)-;3-phenyl-2-pyridineethanol (53) and 15 ml of 
acetone was treated at 5° with 4 ml of 4 0 / / peracetic acid in 
acetic acid. After refrigeration overnight tit 5°, the mixture was 
diluted with water. The solid (3.3 g) was recrystallized from a 
mixture of acetone-water U> yield 3.0 g of product as colorless 
needles, mp 14N-1500. 

4-AcetyIphenyl-2-tetrahydropyranyI Ether. During 1.75 hr, 
96.5 g of dihydropyran was added dropwise to a well-stirred 
mixture of 142.5 g of /j-hydroxyacetophenoue, 400 ml benzene, 
and 7 drops of concentrated II2SO4. The resulting solution was 
diluted with an equal volume of ether and washed in a separator}1 

funnel with aqueous K2CO;i. The organic layer was dried over 

1 '14 - f l o (14) Melting points uere determined with v 
ing point apparatus and are uncorrected. 

(15) Often the mixture was heated under reflux for O.o-I hr or alio' 
stir overnight at room temperature. 

(Hi) This extraction is generally unnecessary, but for cases in whi 
hydrochloride salt of the product is only slightly soluble in IhO, tin 
cedure served to separate product hydrochloride from unreached 
phenone and "i-henzt Ipyridine hydrochloride. 

(1 7) This is obviously a tedious process even though only a rough 
ration was performed. A separate experiment provided separation 
iners after repeated crystallizations from ttV \ ethaunl. 
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anhydrous K 2C0 3 and concentrated to dryness, and the residue 
was dissolved in hot isooctane. Treatment of the hot solution 
with activated charcoal and decantation of the filtrate from the 
gummy deposit that first separated on cooling gave, on further 
cooling, 146.7 g (85.5%) of the desired material, mp 87.5-89.5°. 
Two further crystallizations from isooctane gave material of mp 
89.5-91.0°. 

Anal. Calcd for Ci3H1603: C, 70.89; H, 7.32. Found: C, 
70.72; H, 7.50. 

DL-a-Methyl-/3-phenyl-a-[p-(tetrahydropyran-2-yloxy)phenyl]-
2-pyridineethanol (83, 84).—The condensation and isolation of 
the crude material was effected by the standard procedure, but 
because of the instability of the tetrahydropyranyl ring in an 
acidic environment, the solution of O-lithium salt was decomposed 
by quenching with water instead of aqueous NH4CI. Isolation 
of the desired material was very laborious owing to the presence 
of diastereoisomers with quite different melting points but with 
nearly identical solubilities in the more common organic sol
vents. Repeated crystallizations of the crude product from 
acetone and methanol (alternately) finally gave, however, 2.5 
g of the DL pair with mp 134.5-135° and 21.4 g of the DL pair 
with mp 165.5-166°. 

DL-a-(p-Hydroxyphenyl)-a-methyl-/3-phenyl-2-pyridineethanol 
(28).—A solution of 21 g (0.054 mole) of 84 in 0.5 JV HC1 was 
stirred at room temperature for 1.5 hr. The solution was filtered 
and the filtrate was made basic with dilute NH4OH. The solid 
separating was collected, washed with water, and redissolved in 
aqueous NaOH. The resulting solution was filtered and the 
filtrate was acidified with dilute acetic acid. The solid separating 
was collected, washed with water, and after drying, recrystallized 
from acetone-isooctane. The 5.67 g (42%) of product melted 
at 135.5-137°. Another recrystallization from the same solvent 
pair gave material melting at 139-140°, pK a ' = 4.3 and 11.4. 

3-AcetylphenyI 2-Tetrahydropyranyl Ether.—The crude prod
uct resulting from a procedure identical with that described for 
the 4-isomer (intermediate for 83, 84) was a viscous oil requiring 
fractionation by vacuum distillation. The tendency of the prod
uct to dismutate thermally required short-path distillation with 
some sacrifice in quality of the distillate, as indicated by the 
presence of a faint phenolic hydroxyl band in the infrared spec
trum. The desired product, of purity suitable for conversion 
to the pyridineethanol, was obtained in 38% yield after two 
distillations [bp 114-120° (0.25 mm)]. 

Anal. Calcd for C,3H l603: C, 70.89; H, 7.32. Found: C, 
70.57; IT, 7.31. 

DL-p-[a-(2-DiethylamLnoethoxy)-a:-methyl-/3-2-pyridylphen-
ethyl]phenol. Isomers, mp 140-141° and mp 156°.—/3-Diethyl-
aminoethyl chloride hydrochloride (61.9 g, 0.36 mole) was dis
solved in ~500 ml of water in a separatory funnel. Aqueous 
10 N NaOH (45 ml) was added and the resulting mixture was 
extracted three times with 200-ml portions of benzene. The 
benzene extract was dried (CaSO-4), filtered into a dropping 
funnel, then added dropwise to a well-stirred and refluxing solu
tion of the lithium pyridineethoxide previously prepared in ether 
by the standard procedure from 57.9 g of 2-benzylpyridine, 5.75 g 
of lithium ribbon, 59.1 g of bromobenzene, and 75.5 g 4-acetyl-
phenyl 2-tetrahydropyranyl ether. The resulting solution was 
stirred under reflux for 18 hr, then cooled and extracted with 
aqueous HC1. The aqueous extract was stirred at room tem
perature for 1 hr, then extracted three times with ether and the 
ether layer was discarded. The pH was raised to 11.5-12 (aqueous 
NaOH) and the solution was extracted three times with ether 
(organic layer discarded). Addition of glacial acetic acid to give 
a solution of pH 9.5-10 caused separation of a tan crystalline 
product weighing, when dry, 24.5 g. Fractionation of this ma
terial by repeated crystallization from acetone gave 8.0 g of the 
DL pair with mp 156° (serum cholesterol lowered 10% at 25 
mg/kg) and 2.9 g of the DL pair with mp 140-141° (serum choles
terol lowered 19% at 25 mg/kg). Titration of each of the isomers 
gave p.&V values of 3.5-3.6 (pyridine nitrogen), 9.1 (aliphatic 
nitrogen), and 11.0-11.5 (phenolic hydroxyl). 

Anal. Calcd for C26H32N02: C, 77.18; H, 7.97; N, 6.93. 
Found for isomer, mp 140-141°: C, 77.10; H, 7.87; N, 6.91. 
Found for isomer, mp 156°: C, 76.94; H, 7.78; N, 7.14. 

3-(p-Chlorophenyl)-a-(p-methoxyphenyl)-a-4-dimethyl-2-
pyridineethanol.—To an ether solution of phenyllithium prepared 
from 21 g (0.13 mole) of bromobenzene and 1.85 g (0.26 g-atom) 
of lithium was added 26 g (0.12 mole) of 2-p-chlorobenzyl-4-
methylpyridine (Reilly) in ether. Reaction of this reagent with 
20 g (0.12 mole) of p-methoxyacetophenone and subsequent 

work-up were similar to that described above for 16 and 17. An 
oily crude product was obtained which was crystallized from 
hexane to give 8 g of solid, mp 97-103°. Two additional re-
crystallizations from hexane gave 4.5 g (10%) of product, mp 
104-106.5°. This compound at 25 mg/kg did not lower serum 
cholesterol. 

Anal Calcd for C22H22C1N02: C, 71.82; H, 6.03. Found: 
C, 71.86; H, 6.03. 

1,2,3,4-Tetrahydro-l-(a-2-pyridyIbenzyl)-l-naphthol (96).— 
Reaction of 40 g (0.24 mole) of 2-benzylpyridine as the lithium 
salt with 34.4 g (0.24 mole) of a-tetralone was effected as for 
16 and 17. The reaction mixture was decomposed with water 
and the dark ether layer was separated, dried, treated with char
coal, and concentrated. The residual oil crystallized on addition 
of heptane to give 60 g of crude product, mp 103-106°. Two 
additional recrystallizations from heptane gave 38.5 g (52%) of 
product, mp 107-112°. 

2-[a-(3,4-Dihydro-l-naphthyl)benzyl]pyridine.—A mixture of 
5 g (0.016 mole) of l,2,3,4-tetrahydro-l-(a-2-pyridylbenzyl)-l-
naphthol (96) and 25 ml of 8 5 % orthophosphoric acid was 
warmed on the steam bath for 3 hr. The mixture was cooled and 
diluted with water, and the resulting solution was washed with 
ether. The aqueous layer was made basic with concentrated 
NH4OH and extracted with ether. The ether solution was 
washed with saturated NaCl solution, dried, and concentrated. 
The 4 g of residue was recrystallized from heptane to give 2.1 g 
(45%,) of the olefin, mp 100-104°, X™H 262 mp (e 12,500), 
Xm.°H_HC1 261 m,u (e 14,700). The nmr spectrum showed absorp
tion at 5 5.4-5.75 (2 H, olefinic H and H C « ) . The product has 
therefore been assigned the structure with the endocyclic double 
bond. The material at 25 mg/kg did not lower serum cho
lesterol. 

Anal. Calcd for C22H19N: C, 88.84; H, 6.44; N, 4.71. Found: 
C, 89.14; H, 6.29; N, 4.63. 

a-Methyl-a,/3-diphenyl-2-pyridineethanoI 1-Oxide (105).—A 
mixture of 100 g (0.35 mole) of 25, 300 ml of glacial acetic acid, 
and 85 ml of 40% peracetic acid (in acetic acid) was warmed 
gently until solution was effected. After standing for 2.5 days 
at room temperature the solution was diluted with water and ice 
and extracted portionwise with a total of 1.5 1. of CHC13. The 
combined extracts were washed twice with dilute NaOH solution 
and once with water. The CHCI3 solution was dried and con
centrated to about 300 ml, and crystallization then was induced 
by the addition of 900 ml of ether. There was obtained 57 g 
(54%) of solid product, mp 156-158°. 

a-Methyl-a,|3-diphenyl-2-piperidineethanol (110).—To a sus
pension of 5.8 g (0.02 mole) of 25 in 200 ml of alcohol there was 
added 1.6 ml (0.02 mole) of concentrated HC1. The solution 
was hydrogenated at 4.2 kg/cm2 of hydrogen using 0.5 g of 
P t0 2 catalyst. After the theoretical amount of hydrogen had 
been absorbed, the catalyst was removed by filtration and the 
alcohol was evaporated in a stream of air. The viscous residue 
was dissolved in 50 ml of water and neutralized with 10% NH4OH 
solution. The solution was cooled and extracted with ether. 
The ethereal extract was evaporated and a solid obtained. Re-
crystallization from an alcohol-water mixture gave 3.6 g (61%) 
of a white crystalline solid, mp 125-128°. Two further recrystal
lizations from an alcohol-water mixture gave an analytical 
sample, mp 128-130°. 

a-(p-Methoxyphenyl)-Q,/3-dimethyl-2-pyridineethanol (121).— 
To a solution of 0.22 mole of phenyllithium was added 21.4 g 
(0.2 mole) of 2-ethylpyridine at reflux temperature. The solution 
was refiuxed for 1 hr and 30 g (0.2 mole) of p-methoxyaceto-
phenone was added. The mixture was allowed to stand over
night and decomposed by the cautious addition of 250 ml of 
water. The water layer was extracted twice with ether and the 
combined ether layer was dried (AIgS04) and evaporated. The 
small quantity of crystals collected by filtration was washed with 
petroleum ether and recrystallized from ethanol and water to 
give 12 g of product, mp 96-100°. An additional recrystalliza
tion from ethanol gave an analytical sample, mp 100-101°. 

<x-(p-Methoxyphenyl)-o:-methyl-3-pyridineethanol (120).—To 
a solution of KNH 2 prepared from 8 g (0.2 g-atom) of potassium 
in about 500 ml of liquid NH3 and a trace of Fe(N03)3 was added 
19 g (0.2 mole) of /3-picoline (Riley) in 50 ml of ether. To the 
bright red solution which had been stirred for 55 min was added 
30 g (0.2 mole) of p-methoxyacetophenone and 75 ml of ether. 
The mixture, which turned light brown after being stirred for 
15 min, was decomposed by adding 22 g of NH4C1. The NH 3 

was allowed to evaporate and the residue was taken up in 800 ml 
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of ,5% HC1 and 1 1. of ether. The ether layer was separated and 
the acid layer was washed thoroughly with ether. The combined 
ether layer was dried (MgS04) and evaporated. There was a 
90% recovery of unreacted p-methoxyacetophenone from this 
residue. The aqueous layer was made strongly basic by adding 
Xa2C03 and extracted three times (CHC13). The organic layer 
was dried (MgS04) and evaporated to a brown oil. Trituration 
with petroleum ether gave a solid which was collected by filtra
tion and recrystallized from alcohol-water, giving 1.8 g of white 
crystals, mp 90-91°. 

2-[2-[p-(Methylthio)phenyl]-l-phenylpropenyl]pyridine (129, 
130).—A mixture of 6.7 g (0.02 mole) of 53 and 25 ml of 85% 
phosphoric acid was heated on the steam bath for 2.5 hr. The 
solution was diluted with 200 ml of water and made strongly 
basic with concentrated NH4OH. The oil was extracted into 
CFICI3. After drying (AlgS04) and evaporation of the solvent, 
the oil was crystallized from 15 ml of ethyl acetate and ca. 100 
ml of petroleum ether to give 3.4 g of solid, mp 97-101°. This 
was recrystallized from ethyl acetate-petroleum ether to give 
2.7 g (43%) of 130: mp 103-105°: A ^ f 297 mM (e 14,700) and 
253 mM (e 12,300); nmr peaks (CDC13) at 5 2.11 (3 II, = C C I I 3 ) 
and 2.39 (3 H, SCH3). The mother liquors afforded 1.5 g of 
solid, mp 60-70°. This lot was recrystallized from ethyl acetate-
petroleum ether to give 1.0 g (16%) of the geometric isomer 
129, mp 77-79°, and nmr peaks (CDC13) at S 2.17 (3 IT, ==OCHY) 
and 2.42 (3 H, SCH3). These spectral data do not allow con-
figurational assignment of the two geometric forms. 

A mixture of 6.7 g (0.02 mole) of 52, 40 ml of glacial acetic acid, 
10 ml of concentrated HC1, and 25 ml of 57% III was heated 
under reflux for 2 min. The mixture was poured into 200 ml of 
ice-water containing 12 g of sodium sulfite and made strongly 
basic by the addition of .50% NaOH solution. The mixture was 
extracted (CHCI3), the CIICls extracts were dried (MgS04), and 
the filtrate was evaporated in vacuo. The oil was crystallized from 
ethyl acetate-petroleum ether to yield 5.6 g (S8C;) of solid, mp 
75-95°. This was separated into its diastereoisomeric com
ponents by repeated recrystallization from petroleum ether: 129, 
mp 75-77° (2.8 g, 44%),"and 130, mp 103-105° (0.7 g, l l r / ) . 

«-Methyl-a'-2-pyridyl-4-stilbenethiol (126).—A mixture of 8 g 
jo-( a-hydroxy-a- methyl - /3- 2 -pyridylphenethyl)-X,X-dimethyl-
benzenesulfonamide (75), 40 ml of glacial acetic acid, 10 ml of 
concentrated HC1, and 30 ml of 57% III was heated under 
reflux for 4 hr. The mixture was poured into 200 ml of ice-water 
containing 14 g of sodium sulfite. The mixture was made strongly 
basic with 50%; aqueous XaOH and the oil was extracted into 
warm CIICls. After evaporation of the solvent, the oil was 
crystallized from 20 ml of methanol to give 4.4 g (72%) of 126: 
mp 129-131°; \t'°K 285 itux (e 14,100/ 271 (14,050), and 234 
(15,700). The nmr signal in COOL for —COIF was split at 5 2.12 
and 2.17, indicating a mixture of isomers. 

2-(l,2-Diphenylpropenyl)pyridine 1-Oxide, a s and trans Forms. 
—A mixture of 30 g (0.1 mole) of 105 and 250 ml of 8 5 % H3P()4 

was warmed on the steam bath for 3 hr and then allowed to stand 
at room temperature overnight. The mixture was poured into 
ice-wafer and extracted (CHCF). The combined CHCI3 ex
tracts were washed with dilute NaOH solution and wafer. The 
CHCI3 solution was dried and concentrated to give 4.5 g of solid, 
mp 168-171°; second and third crops amounting to 6 g also were 
obtained. The 4.5-g crop was recrystallized twice from chloro
form-ether to give 2.5 g of pure material, mp 170-171°, and Xra« 
264 m/i (e 28,500). At 10 mg/kg serum cholesterol was lowered 
20':;. 

Anal. Calcd for CanllnXO: C, 83.58: H, 5.96; X, 4.87. 
Found: C, 83.50; II, 5.88; X, 4.94. 

The aqueous reaction mixture was further extracted with 
CIIC13 to give 15 g of solid: total yield, 25 g (77%). This crop 
was recrystallized from CHCl3-ether to give 11 g of the above 
product, mp 168-171°, and a second crop of 3 g, mp 159-177°. 
This second crop was recrystallized from CHCl3-ether to give a 
small quantity of the geometric isomer as needles, mp 177-180°. 
Another recrystallization from the same solvent gave no 
change in melting point; X „;'„'„'' 262 mji (f 27,000). 

Anal. Calcd for C3„H,7NO: ('. 83.58; H, 5.96: N, 4.87. 
Found: 0 ,83 .87; H, 5.93; X, 5.00. 

2-[2-(p-Chlorophenyl)-l-phenylvinyl]thiophene.—TheGrignard 
reagent was prepared in ether from 3.5 g (0.146 g-atom) of mag
nesium turnings and 26 g (0.161 mole) of p-chlorobenzyl chloride 
in the usual manner. To the stirred suspension was added a 
solution of 18.8 g (0.10 mole) of phenyl 2-thienyl ketone in 300 
ml of ether. The reaction mixture was heated under reflux 

for 2-3 hr, cooled, and decomposed with aqueous XTI4CI. Addi
tional water was added, the ether layer was separated, dried 
(MgSO.j), and concentrated in vacuo. The residual brown oil was 
distilled to give 13.1 g (44%) of product, lip 187° (0.(5 mm), and 
an additional 7.0 g (23.6%) of slightly impure material, bp 
181-188° (0.6 mm). The product at 25 mg/kg did not lower 
serum cholesterol. 

Anal. Calcd for C l sn13ClS: ( ' ,72.84: 11,4.41. Found: <'. 
72.92; H, 4.78. 

«-(p-Methoxy-a-methylbenzyl)-a-phenyl-2-pyridinemethanol. 
— To 50 ml of anhydrous ether under N2 was added 0.18 g 
(0.025 g-atom) of finely divided lithium wire. A solution of 1.7 g 
(0.0125 mole) of butyl bromide in 20 ml of anhydrous ether was 
added over a 10-min period. The mixture was vigorously stirred 
for 4 hr. After the lithium had reacted, 2.0 g (0.0125 mole) of 
2-bromopyridine in 20 ml of anhydrous ether was added and the 
solution was stirred for an additional 1 hr. To this solution \va-
added 2.4 g (0.01 mole) of 4'-methoxy-a-methyldeoxybenzoin1~ 
in 25 ml of anhydrous ether. The solution was stirred for 2 hr 
and then allowed to warm to room temperature. The solution 
was treated with 100 ml of water containing 1.8 g of XILOI. 
The ether layer was separated and the aqueous layer was ex
tracted twice with 100-ml portions of ether. The ether extract-
were combined and evaporated to give a solid. The solid was 
recrystallized from alcohol to give 2.9 g (91'%) of product, nip 
83-86°. A sample was recrystallized twice from alcohol: mp 
86-88°. At 25 mg/kg this compound produced 36"; lowering 
of serum cholesterol. 

Anal. Calcd for C2iII2,X(>: ( ' ,78.97; 11,6.63. Found: C. 
78.76: II, 6.61. 

rc'-4-Pyridyl-4-stilbenol.--A mixture of 3.4 g (0.02 mole) of 
4-benzylpyridine, 2.4 g (0.02 mole) of 4-hydroxybenzaldehyde. 
and 4.1 g (0.04 mole) of acetic anhydride was heated tit reflux 
temperature for 4 hr. After distillation of the acetic acid which 
had formed, the solution was poured over ice and 200 ml of 5 ' / 
HOI was added. The solution was heated on the steam hath for 
1 hr and then neutralized with 10% NH4OH. The aqueous layer 
was extracted with several 100-ml portions of ether. The ethereal 
extracts were combined and dried (K2C03), and (he ether was 
evaporated. The oily residue, dissolved in a methanol-water 
mixture and allowed to stand overnight, gave a yellow crystalline 
solid. The yield was 2.3 g (41%) of product, mp 187-191°. 
The product, after two recrystallizations from a methanol water 
mixture, melted at 189-191°. At 25 mg/kg, serum cholesterol 
was lowered 16 r

( . 

Anal. Calcd for C.dlisXO: 0 ,83 .49 : 11,5.53. Found: O, 
83.31: H, 5.75, 

l,2,3,4-Tetrahydro-3,3,6,8-tetramethyl-l-(2-pyridylmethyl)-l-
naphthol.—A solution of 4.7 g (0.05 mole) of 2-picoline in 50 ml of 
ether was slowly added at 0° to an ether solution (250 ml) of 
phenyllithium from 0.7 g (0.1 g-atom) of lithium wire and 7.9 g 
(0.05 mole) of bromobenzene. The solution was then stirred 
for 1 hr at 0°. With the reaction mixture still maintained at 0°, 
10.1 g (0.05 mole) of 3,3,6,8-tetramethyl-l-tetralone19 was added 
as a solid. The solution was slowly warmed to room temperature, 
stirred for an additional 30 min, and hydrolyzed with 100 ml of 
water containing 2.8 g of NH4C1. The aqueous and ethereal layers 
were separated and the aqueous layer was extracted with two 100-
ml portions of ether. The ethereal layers were combined and 
evaporated to give a light, yellow solid. After recrystallization 
from an alcohol-water mixture, the compound was air dried 
for 2 days. The yield was 7.8 g (53%) of a white crystalline 
solid, mp 106-109°. Two recrystallizations from tin alcohol 
water mixture raised the melting point to 108-110°. This com
pound at 25 mg/kg did not lower serum cholesterol. 

Anal. Calcd for C2„H25NO: C, 81.31; H, 8.53. Found: 0 , 
81.15; H, 8.30. 
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Imidazolinylmethyl derivatives of a number of bicyolic and tricyclic ring systems were prepared and studied 
for their effect on experimental cardiac arrhythmias. One of the bicyclic compounds, 3-phenyl-2,3,4,5-tetra-
hydro-1-benzazepine, obtained by means of a Schmidt reaction on 2-phenyl-3,4-dihydro-l-naphthalenone fol
lowed by reduction with LiAlH4, yielded imidazoline derivatives of particular interest and was studied in 
greater detail. Numerous analogs were prepared. 

It has been found that many chemical drug groups 
have the ability to suppress cardiac arrhythmias. 
In general these drugs belong to the group of local 
anesthetics, antispasmodics, antihistamines, and @-
adrenergic receptor blockers, e.g., quinidine, quinacrin 
(I), procainamide (II), antazoline2 (III), and pro
pranolol (IV).3 All have in common the property of 
depressing the physiological functions of the cardiac 
muscle in such a way as to affect favorably the course 
of an arrhythmia. Xone, however, are uniformly 
successful.4 

CH3 

HNCH(CH2)3N(C2H5)2 

CH30 

H 2 N - / \ 

C6.H5CH2 

CONHCH2CH2N(C,H5)2 C, 

II 

I N - , 
ftNCH/ 

N-J 

III 

OCH2CHOHCH2NHCH(CH3)2 

IV 

In a previous paper5 we had reported tha t 5-(2-
imidazolinylmethyl) -5,6-dihydromorphanthridine (V) 
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had shown interesting antifibrillatory effects on aco-
nitine-induced cardiac arrhythmias. The present re
port is an extension of our previous work and describes 
a number of bicyclic and tricyclic ring systems to which 
a 2-imidazolinylmethyl group has been attached in an 
attempt to find compounds with improved antifibril
latory activity. Derivatives of 3-phenyl-2,3,4,5-tetra-
hydro-1-benzazepine were of particular interest and 
were studied in greater detail. In Tables I and II 
are shown a variety of tricyclic ring systems attached 
to a 2-imidazolinylmethyl group. The ring systems 
employed as starting materials in this part of the study 
are 10,ll-dihydrodibenz[6,/][l,4]thiazepine,8 10,11-di-
hydrodibenz[6,/][l,4]oxazepine,7 5,6,11,12-tetrahydro-
dibenz[6,/]azocine,8 10,ll-dihydrodibenz[b,/]azepine 
(iminodibenzyl), phenoxazine, phenothiazine, acridan, 
dihydrophenanthridine, carbazole, tetrahydrocarba-
zole, 6,7-dihydrobenz[c,e]azepine,9 thioxanthene, an-
throne, and 10,ll-dihydrodibenz[a,d]cyclohepten-
5-one.10 The resulting imidazoline derivatives and 
their relative activity are shown in Tables I and II. 
A number of previously reported compounds have 
been included in these tables for comparative purposes. 
Four procedures were used to attach the imidazolinyl
methyl group to the above described bicyclic and tri
cyclic ring systems. As shown in Chart I, the nature 
of the ring system determined the method employed. 

Derivatives of the bicyclic 3-, 4-, and o-phenyl-2,3,4,-
5-tetrahydrobenzazepines were included in the second 
part of this study. It is possible to visualize these 
compounds as being formed from a tricyclic structure 
merely by separating one of the benzene rings and 
attaching it to the remaining bicyclic ring system by a 
single bond. The 3-, 4-, and 5-phenyl-3,4-dihydro-
benzazepinones were obtained by means of a Schmidt 
reaction on the corresponding 2-, 3-, or 4-phenyl-
3,4-dihydro-l-naphthalenone (Vla-d). This reaction 
can lead to the isomeric benzazepinones VII and VIII, 
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