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peutic ratios are compared to those of pentobarbital or
phenobarbital.

Preliminary structure-activity correlations led us to
make the following general statements. (1) The
nature of the N-substituent is critical. One-carbon
interruption between the aryl moiety and the nitrogen
atom as well as alkyl branching of the a-carbon
are prerequisites for sustaining hypnotic activity.
Lengthening of the side chain to include two carbon
atows, with or without branching (i.e., 46 and 47), or
omission of branching, ¢ la 45, or direct attachiment of the
aryl group upon the nitrogen (44), leads to total loss of
hypnotic properties. (2) Differences in hypnotic
potency among the various esters are relatively minor.
The presence of the ester moiety per se is essential;
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the corresponding carboxylic acids are totally inac-
tive. A detailed pharmacological study, including test
results obtained in other animals, will be published
elsewhere.
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chemical discussions during the course of this work.
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van het Wetenschappelijk Onderzoek in Nijverheid en
Landbouw”’ is gratefully acknowledged.
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A series of 58 basic carbinols and related compounds has been synthesized, mostly by means of the Grignard

reaction, and examined for hypocholesteremic activity.

One compound, «-[4-(2-diethylaminoethoxy)phenyl]-

a-phenyl-5-acenaphthenemethanol, proved to be considerably more potent than triparanol in both rats and

mice.

Much effort in recent years has been expended in the
search for chemical agents which will significantly lower
the blood cholesterol level of hypercholesteremic in-
dividuals. The rationale behind use of such drugs is
the belief, not conclusively proven, that formation of
atherosclerotic plaques is directly connected to the
amount of cholesterol in the blood.2? Although a
number of drugs are known to possess hypocho-
lesteremic activity, none are entirely satisfactory.®4
In 1959, triparanol was introduced for this purpose,
and both animal and clinical studies indicate it to be
both effective and consistent in its activity.®% It was
soon discovered, however, that, as the level of choles-
terol is reduced, the level of its biogenetic precursor,
desmosterol, is increased and total sterol concentration
of the plasma is not reduced as much as determina-
tions of cholesterol would seem to indicate.2%¢ A fur-
ther possible disadvantage of triparanol is its lack of
potency. A typical dose for human patients is 250 nig.
daily.® TFor drugs which are given over long periods of
time, it might be advantageous to be able to give one
effective at a lower dose. This work, then, was under-
taken for two reasons; first, to find a drug similar to
triparanol effective at a dose of no more than 50 mg./

(1) Paper II:
(1964).

(2) “New and Nonofficial Drugs, 1962,” J. B. Lippincott Co., Philadel-
phia, Pa., 1962, p. 616.

(3) R. H. Furman and C. W. Robinson, Jr., Med. Clin. N. Am., 45, 935
(1961).

(4) C. Moses, Angiology. 18, 59 (1962).

{(5) W. Hollander and A. Chobanian, BMQ. Boston Med. Quart., 10,
37 (1959).

(6) (a) M. Friedman, 8. O. Byers, and R. H. Rosenman. Progr. Cardio-~
vascular Diseases, 4, 419 (1962); (b) W. Hollander, A. V. Chobanian, and R.
W, Wilkins, J. Am. Med. Assoc., 174, 5 (1960).

M. Freifelder and H. B. Wright, J. Med. Chem., T, 664

day, and, second, one which would give a better reduc-
tion in total sterols.

Chemically, triparanol (I) is a derivative of 1,1,2-
triphenylethanol. As such, there are many possible
modifications which might lead to interesting struc-
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ture-activity relationships. In a previous publica-
tion,” we established that the 4-(2-(diethylamino-
ethoxy)phenyl group may be replaced by a pyridine
ring and activity maintained. The most potent com-
pound of that series is 1,1-diphenyl-2-(4-pyridyl)-
ethanol. Its potency is about the same as that of L.
Investigation of pyridine derivatives is continued in
this paper, and modifications of the diethylamino-
ethoxy side chain have been studied extensively. Tri-
arylmethanol homologs have also been investigated, as
has replacement of benzene rings with polynuclear ring
systems. In addition, a group of tetrahydrofuran de-
rivatives and some ethylene derivatives has been syn-
thesized.

Chemistry —Four general methods were used to
obtain the carbinols (IV, VI, IX, and XI), ethers, and
ethylene derivatives described in Table 1.

(7) H. B. Wright, D. A. Dunnigan, and U. Biermacher, J. Med. Chem.,
7,113 (1964).
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OH
R'—(f:{}- OCILLCTLN(CH,).
R
R Rz
32 4-FCH, CH, B CyHyFNO, 72.49 7251 791 7.77 422 4.12
33 4-C1CsH,4 Cyeclopropyl B 200-210(0.3) CaoHyCINO, 70.67 7060 7.55 7.54 3.75 3.81
34 4-CH,CsH,4 C:H;CH.CH, c n CyHy;:NO, 80.54 80.75 8.45 8.40 3.35 3.14
33 2-Pyridyl CH;, B 167-191(1.3) CisH26N=0, 72.58 72.27 8.33 861 892 8.82
36 3-Pyridyl CH, B n Ci9H26N-0; 72.58 72.62 8.33 8.61 892 8497
37 4-Pyridyl CH, B 200-215(1.6) CisH26N-0; 72.58 72.80 8.33 8.46 8.92 8.99
38 2-Pyridylmethyl 4-CH,CsH, D n CasH3o N0, 77.19 77.42 797 824 6.93 7.01
39 3-Pyridylmethyl 4-CH;CHy D n C:6H32N20, 77.19 77.49 7.97 7.61 6.93 7.08
40 5-Methyl-2-pyrazinylmethyl 4-CH;CsH, D 82-83.5  CyHypN;O, 7444 7468 7.92 8.14 10.01 9.95
41 6-Methyl-2-pyrazinylmethyl 4-CH;CH, D n CyeH33 N30, 74.44 7419 7.92 7.82 10.01 9.83
42 1-Phenyl-1-(2-pyrryl)-2,2,2-trifluoroethanol 0 94-97 (0.3) 73-75 CioH o3 NO 59.75 59.84 4.18 4.29 581 5.56
43 9,10-Dihydro-9-(3-pyridyl)-9-anthrol 0 185187 C1sHisNO 83.49 83.62 5.53 5.76 5.13 5.17
44 9-(3-Pyridyl)-9-xanthenol p 189-190 CisHiz:NO. 78.53 78.27 4.76 5.15 5.09 5.45
((‘»“o)zN(‘,”z(‘“?O‘@—Foj
R
Rt
45 4-I'C¢H, B 200203 (0.8) CaHuFNO, 73.94 73.52 7.89 7.86 3.91 3.82
46 4-CICgH, B 225-231(1.3) Cy:Ha4CINO, 70.66 70.65 7.55 T7.41 3.75 3.89
47 4-BrC,l1, B 224-230(1.0) C2HaBrNO, 63.16 63.11 6.69 6.85 3.34 3.25
48 4-(CH,);C-CH, B 231-234(1.3) CosHuzNO, 78.94 78.83 9.43 9.69 8.09 8.26
49 2-Thienyl B 203 (0.6) CaoHxNO,S 690.53 69.50 7.8% 8.12 4.05 3.91
R
o SC=CH,
(c,.H.,,)_,.NCH,('ll,.o_&}/
R!
50 5-Methyl-1-phenyl-4-pyrazolyl B 220-230(0.3) CaHuN:0. 76.76 76.85 7.79 7.93 11.20 11.40
51 CeHs B 154-156° CooHosNO-HCI 72.37 72.35 7.89 8.17 422 4.58
52 3-Cl3CeHy B 164-170(1.0) CoHo N O 69.40 69.23 666 6.87 3.8 3.91
53 3,4,5-(CH,0);C¢He B 222-226(0.5) CauHaNO, 71.66 71.66 8.11 8.19 3.63 3.54
54 4-CsHCeH, B 192-193°  CyHyoNO-TCI 76.53 76.32 7.41 7.37 3.43 3.40
55 3-[4-(2-Diethylaminoethoxy )phenyllindenc B 218-240(4.5) CoHysNO 82.05 81.90 8.20 8.34 455 4.53
56 4-[4-(2-Diethylaminoethoxy )phenyl]-1,2-dihydronaphthalenc B 210-213(1.1) C2HxNO 82.22 81.94 8.46 8.35 435 4.22
57 1-(4-Chlorobenzal )indane A 190(0.4) 63-65 CisH:C1 79.83 79.78 5.44 5.66
58 9-(4-Chlorobenzal }-9,10-dihydro- 10-imethylacridine A 124-126™  CyH,CIN 79.36 79.50 507 5.37 441 4.44

@ The intermediate aldehyde was prepared as deseribed by J. Bernstein, H. L. Yale, K. Losee, M. Holsing, J. Marting, and W. A. Lott, J. Am. Chem. Soc., 73, 906 (1951). ? The intermediate
ketone has been described by K. Kratzl and E. Meisert, Monatsh. Chem., 88, 1056 (1957). ¢ The intermediate ketone has been described by R. 1. Meltzer and A. D. Lewis, J. Org. Chem., 22, 612
(1957). ¢ The compound is 1-(4-chlorophenyl)-2-]4-(2-diethylaminoethoxy )-1-naphthyll-2-propanol. ¢ Melting point is for the hydrocbloride. ¢ The intermediate ketone was prepared by the
procedure of C. D. Hurd and C. N. Webb, “Organic Syntheses,”” Coll. Vol. 1, 2nd Ed., John Wiley and Sons, Inc., New York, N. Y., 1941, p. 217. ¢ Recrystallized from acetone. * Recrystallized
from methanol-Skellysolve B.  # Reerystallized from benzene-Skellysolve C. 7 Reerystallized from isobutyl aleohol.  # The required kelone was prepared from acenaphthene and benzoyl chloride
i nitrobenzene at 0° in the presence of anhydrons alnmimim chtoride.  The prodnet melted at 98-99°. L. F. Fieser and E. B. Hershberg [J. Am. Chem. Soc., 61, 1278 (1939)] reported m.p.
08.5-99.5° and 101°. ¢ The Grignard reaction was carried ont in tetrahydrofuran. ™ Recrystallized from Skellysolve B.  ® Compound was not purified. ¢ See Dixperimental section for method
of preparation.  ? Prepared from 3-pyridyllithinm and xanthenone in the saime manner as described for 43, Recrystallized from benzene.
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Compd. R1 R2 R3 .p., °C. finm.) I"ormula Caled. Found Caled Fonnd
1 CH; H 4-(CH;).N CH,CH,0O" 143 (0.65) CpH;NO, 69.54 69.76 S.27  R.39
2 CH; H 2-(CH;):NCH.CH(CH;)O  130(3.5) CiHeNO, 7056 70 63 8.65 852
3 CH; H 3-(CH;),NCH,CH(CH,)Q  130(0.5) CiuH o NQy 70.56 7064 K65 N80
4 CH; H 4-(CH;),NCH,CH(CH;)(0  140-141 (1.7; CoHisNOs 70.56 70.91 8.65 837
5 CH; 4-CH, 2-(CH;),NCH,CH(CH;)O*  151-152(1.3) CuHyNO. 7146 TL.27 0.00  NOT
6 CH; 3-CH; 4-(C,H;),N CH,CH,O 160 (1. 4) CeHauNO, 7205 7267 050 947
7 CH; 2,3-(CHy)e 4-(C,H;),N CH,CH,O* 162(1.0) Ciel1asNO: 72,96 7281 957 967
8 CH, 3,54 CH;)e 4-(C,H;)NCH,CH,0* 170-173(1.7)  CHauNOu 7206 7310 05T 903
Y CoH; H 3-(C.H;):NCH,CH,O 163 (0.25) CisHaNO, 7225 72000 9300 9. 14
10 n-CyH; H 4-(CH;3).NCH,CH(CH3))  160-164(0.8) C,;;HoyNO: T2 T2.15 0 930 9.4
Iy 204(1.0) Cy Hys N Oy THOTG TH.61 RI1Z N6
12 C:H; H 4-(C:H;)NCOCH.0 210-2925 CHaNOy T30 THAN 680 60N

(0. 2-1 2y

13 CeH; 3-CH;, 4-(CyH;).N CH.CH.,0 210(2 1) CaHas N O TTOI3OTT.03 s.00 0 T.8h
14 CeH; 3-Cl 4-(CHy),NCH,CH(CH;)O"  220(1.2) CsHypoCINO, 65,02 6795 6.34 6,95
15 CF, H 4-(CH;):NCH.CH,0 130135 (1.5 CoHpFaNO, 3812 57.84  6.27 610
16 CsH, H 4-1(CyH; ). NCH,|,CHO 21-217¢0.6; CoyHg N2O. 7530 7515 8,060 ) 02
17 CeH; 4-CH,0 2-(C;H;), N CH,CH,() 217-220(2. 00 Cul 73,36 73.00 7.0 755
18 CqH; 4.CH,—=CHCH,O 2-(C;H;).NCH.CH,O R8-195(0.3)  CwHuNO, T4.7H T4T8 TT0 T 4L
19 CsH; 4-n-C),Ho50 2-(CoH;).NCH,CH.0 2532590 7)  CoHgNOy TTO200 TE.RL DSR4 RS
20 CoH; H 4-(C,H;).N CH.CH.(Y 193-197 (0.3)  CrHauNO, T6.T3 TGN TS0 T O8G
21 1+-CH,CH, H 4-(C.H;),NCH.CH.0* 190205 (0.3)  CyuHauNO, TTOI3 TT.02 0 N00 s

@ The hydroxy ketones required for the preparation of the ketones in this table were obtained from commercial sonrces (Aldrich
Chemical Co., Inc,, The Dow Chemical Co., or Teunessee Lastinan Co.), were prepared as deseribed in the literature, or are described
in the Experimental section. ¢ This componnd has been reported by G. 1Ji Paco and C. 8. Tawro, -Lnn. chine. (Rome), 48, 1215 (1938,
¢ The required hydroxy ketone was prepared by the Fries reaction as described by R. Baltzly, W. $. Ide, and A. P. Phillips. J. .1m.
Chem. Soc., 77, 2522 (1955). ¢ The required hydroxy ketone was prepared by the Fries reaction as described by K. v. Anwers, H.
Bundesmann, and F. Wieners, Ann., 447, 162 (1926). ¢ The required hydroxy ketone was prepared by the Fries reaction as described
by F. Benington, R. D. Morin, L. C. Clark, Jr., and R. P. Fox, J. Org. Chen., 23, 1979 (1058). 7 The compound is 4-(2-diethylamino-
ethoxy)-1-acetonaphthone. ¢ The required hydroxy ketone was prepared by the Fries reaction as described by H. Lederer, J. prakt.
Chem., 135, 49 (1932). * Tle required hydroxy ketone was prepared by refluxing 4-hydroxybenzophenone and sulfuryl chloride in
benzene for 4 hr. to give a product melting at 178-180°. M. Nencki and E. Stoeber [Ber., 30, 1772 (1897)] reported m.p. 176°.  * Prep-
aration of this compound is described in U. . Patent 2,914,562 (R. IZ. Allen, F, P. Palopoli, E. L. Schuman, and M. G. Van Campen,

Jr., to the Wm. 8. Merrell Co., Nov. 24, 1959).
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Method A involves the reaction of p-chlorobenzyl-
magnesium chloride (II) with a ketone (III), generally a
derivative of acetophenone or benzophenone, in which
the dialkylaminoalkoxy group is part of the ketone
moiety. The Grignard reagent used in method B is 4-

(HsCz)zNCHz(:HzO—@—IwgBr . qppmeibodB

' OH .
u R’

(HsCz)zNCHzCHzO-@-? @
RI

Vi1

(2-diethylaminoethoxy)phenylmaguesiui bromide (V).
The ketone III did not necessarily carry a basic sub-
stituent. In some cases, the carbinols spontaneously
lost water during the work-up vielding the correspond-

ing ethylene derivative. Attempts to preparc V in
ether were uniformly unsuccessful, but V was formed
smoothly and in good yield when tetrahydrofuran was
used as the solvent. Preparation of the Grignard
reagent in this manner was discovered independently
by Lednicer and co-workers.® Another advantage of
tetrahydrofuran as a solvent for Grignard reactions is
the increased solubility of the Grignard coniplexes in
this solvent as compared with that of ether.

OH
R—C;% %OCHQCHQN@H;,)U
C.H.

IX

method

RMgX + Il
V1l

The reaction of various Grignard reagents (VII) with
4-(2-diethylaminoethoxy)benzophenone [III, R' =
phenyl; R? = 4-OCH,CH.N(C:H;):] comprises
method C. Method D involves the reaction of the

OH R?
F methoed ) = [
CH,Na + 1II CH,—
\N \N }]11

X

XI

(8) D. Lelnicer, J. (% Babenek. 5. C. Lyster, J. C. Stucki, and G W,
Inhiincan, Chem. Ind. (London), 2098 (1461).
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sodio derivative of a methylpyridine (X), or a methyl-
pyrazine, with 4-methylbenzophenone (III, R! =
C¢H;; R? = 4-CHjy), to give the corresponding carbinol
XI. This method was not restricted to 2- and 4-
picolines, but was also successful using 3-picoline.
TFormation of sodium salts of 2- and 4-picolines has
been long known, but it was not until 1951 that Brown
and Murphey?® observed such a reaction with 3-picoline.
We have, however, found, as would be expected, that
the latter reacts less readily with sodamide than does its
isomers. Both 2- and 4-picoline react with sodamide to
form the respective sodium salts at room temperature
with evolution of heat. The formation of the sodium
salt of 3-picoline does not occur at roomn temperature,
but it is necessary to heat the reactants on the steam
bath for 1 hr. This difference in reactivity allows one
to form a monosodium salt from 3,4-lutidine.

Several y-chlorobutyrophenones were allowed to re-
act with 4-(2-diethylaminoethoxy)phenylmagnesium
bromide. The products isolated were not the ~-
chlorobutylearbinols. The carbinols spontaneously
lost HCI, and the substances actually isolated are pre-

([)H
R'O—c—(cm)acl R O 0
(C,H,),NCH,CH,0 O

—
OCH,CH,N(C.H;), X1I

suined to be 1,1-disubstituted tetrahydrofurans (XII).

The various ketones required for preparation of the
carbinols and other comnpounds in Table I, which have
not been described previously in the literature, are de-
scribed in Table II. IKnown ketones were obtained
from commercial sources, or were prepared by proce-
dures in the literature.

Pharmacology —Two methods were used for the
determination of plasma cholesterol in the experiments
reported here: (1) the method of Zak,'* and (2) a
modification of Abell’s method.'? Both methods
measure cholesterol and at least part of the desmosterol
if it is present.4%.13 Therefore “plasma cholesterol”
as determined in these studies actually represents
cholesterol plus part or all of any desinosterol present.
No separate colorimetric determinations of desmos-
terol were done. Therefore a detailed comparison of
activities of different drugs can be made only when the
same cholesterol method was used in evaluating the
drugs.

A. Routine Screening for Hypocholesteremic Ac-
tivity—The hypocholesteremic activity of the com-
pounds in Table I was determined in mice by the
method previously described” using the method of
Zak! for the cholesterol determinations. The active
compounds are listed in Table III. Because of the

(9) H. C. Brown and W. A. Murpley, J. Am. Chem. Soc.. T3, 3308
(1951).

(10} Two products from the monosodium salt of 3.4-lutidine were de-
scribed in our previons paper® (Table I, 10 and 11). It is necessary to point
out that 11 is 1,1-diphenyl-2-(3-methyl-4-pyridyl)ethanol, and not 1,1-
diphenyl-2-(2-methyl-4-pyridyl)ethanol as indicated erroneously in the
table.

(11) B. Zak, R. C. Dickenman, E. G. White, . Burnett, and P. J.
Cherney, dm. J. Clin. Pathol., 34, 1307 (1954).

(12) G. F. Lambert, J. P. Miller, R. T. Olsen, and D. V. Frost, Proc.
Soc. Exptl. Biol. Med., 97, 544 (1958).

(13) I. D. Frantz, Jr., M. L. Mobberley. and G. J. Schroefter, Jr., Progr.
Cardiovascular Diseases, 2, 511 (1960).
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ResTLTS OF ROUTINE SCREENING FOR HYPOCHOLESTEREMIC
Activity 1N Mice

Daily dose, Response,
Compd.® mg./kg. % reduction®
2 300 29
100 20
3 125 47
10 15
4 220 26
10 3
6 375 29
7 312 25
100 16
8 175 26
10 300 28
10 0
12 100 45
10 22
13 175 43
14 100 40
10 c
21 100 43
10 3
22 100 22
23 100 67
100 50
10 d
24 100 42
10 20
25 156 37
10 4
28 100 39
10 40
5 20
1 16
29 100 65
10 dd
5 20
1 39
30 100 46
10 43
5 30
1 18
31 312 49
32 100 28
33 25 33
34 100 31
40 188 34
46 38 26
Triparanol 100 49
10 27
5 25
1 18
¢ The numbers refer to the compounds in Table I. 2 ¢ reduec-
. mg./100 of cholesterol, treated mice
tion = 100 (1 " mg./100 of cholesterol, control average)'

¢ 8% increase. ¢ 109 increase.

normal variability of cholesterol levels in mice, a de-
crease of less than 209 is not considered significant
and only compounds causing a decrease greater than
20%, at some dose are included. Toxicity permitting,
all compounds were tested at a dose of 100 mg./kg.
or higher.

The first 24 compounds are, for the most part, quite
closely related to triparanol. Of these, only two (12
and 24) showed activity at all comparable to that of
triparanol.

The next series of compounds (25-31) are triaryl-
methanol derivatives, Three very active compounds
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Tasre 1N

Lrrecr or TRIPARANOL aAxD Coarorsn 29 ox Prasya CrovesteERoL 1N 1HE Movse

Daily dose, Wi, gain,

Plasiia Significance

eholestern], ‘compared to contrnl}

Compd. wg. ke, =./6 mice STTEMA Y| PREESE 0 DS R iapalysig »f variance:
Control L. + 14 200 = 146
20 D +17 100 =+ 6N p <001
2) 1 + 21 122 4 6.~ p <001
Triparuncl D +5 HO =+ 115 000 < <005
Triparainl 1 24 164 £ 02 000 <p <005
TaBre V
Errrer or TriraraNon axn Conrovsn 29 oN Prasya Cnonksreron N e ar
Plasma Significance
Daily dose, Nounber cholesterol, cecompared to eontrols
Groygp Crompol, myg. kg »f rats g/ 100 4 S0 {analysis af varianccl
1 Contral oL G GBSy = 1.8
2 20) 0.1 ) 56 0 4+ 1.6 0.0l <p <0.0H
3 29 0.3 5 B2 S 429 0.05 <p
-t 29 1.0 D 648 £ 3.3 .05 <p
3 20 3.0 G ST 24 D < 0.01
6 Control - D 6.0
7 Triparanol 10,0 5 20

% Administered subcutaneously i corn oil.

were found in this group. Two compounds, 28 and 30,
were found to have activity comparable to that of tri-
paranol, while 29 was found to be significantly more ac-
tive than triparanol.  Indeed, 29 is the only compound
we have fouud which will cause a significant reduction
in the plasma cholesterol level of mice at a dose of 1 1ng.
kg. administered by the oral route. Of the remaining
carbinols (32-44). ouly 33 had activity eomparable to
triparanol.  Five of the tetrahydrofuran derivatives
were prepared (45-49), and the ouly one to show signifi-
cant activity was 46. The ethyvlene derivatives (50~
58) were all inactive.

B. Comparison of Hypocholesteremic Activity of
Triparanol and «-[4-(2-Diethylaminoethoxy)pheny!]-
a-phenyl-5-acenaphthenemethanol (Table I, 29) in
the Mouse.—\ale mice weighing about 30 g. were
housed in groups of six and weighed as a group at the
beginuing and at the end of the treatiment period of 2
weeks.  Drugs were mixed with the diet (ground mousc
breeder chow), which was fed ad [Zb. At the end of
the feeding period, the mice were bled by eardiace punc-
ture, and plasma cholesterol concentrations were de-
termined by the method of Zak."" These results arc
sununarized in Table TV.

It can be seen that compound 29 and triparanol
lowered the plasima cholesterol level, with the former
being more effective at both dose levels.

C. Hypocholesteremic Activity of Triparanol and
a-[4=(2-Diethylaminoethoxy)phenyl |- «-phenyl - 5 - ace-
naphthenemethanol in the Rat.—Thc compounds were
dissolved in corn oil and injected subcutaneously in
rats once daily for 7 days. The control animals were
injected with cquivalent volumes of corn oil. At the
end of the experiments, the animals were bled by cardiac
puncture and plasina cholesterollevels were determined.
The results are sununarized i Table V. The two
drugs were given in different experiments on separate
occasions, and the cholesterol determinations were
done by different methods. Data for the dose-respouse
curve for 29 and the appropriate control were obtained
by Abell’s method,'? using a plasma sample froni each
rat.  According to Hollander® and Frantz,'® the Abell

method measures about 50-609; of the desimosterol
present as well as the cholesterol. The “plasma
cholesterol’” data in Table V (expt. 2-5), therefore, are
higher than the aetual cholesterol concentration, but
lower than the actual cholesterol plus desinosterol cou-
centration.

The data for the rats giveu triparanol and the corre-
sponding control, which are included for comparisou,
were obtained by the method of Zak," using plasma
which had heen pooled after removing the cells by
centrifugation.  Zak’s procedure for determining cho-
lesterol is reported to measure desinosterol equally with
cholesterol.*'® The ‘‘plasma cholesterol” concentra-
tion recorded for triparanol in Table V (expt. 7), there-
fore, probably closely approximates the actual choles-
terol plus desmosterol concentration.

Compound 29 lowered plasma cholesterol at dosc
levels of 0.1 and 3.0 mg. kg./day, but dose levels inter-
mediate were ineffective. The reason for this is un-
known. The data on tripavanol also give an indication
of an ecffect, but since pooled plasma was used, no
statistics can be calceulated. Clearly, as pointed out
above, the results of expt. 2--5 are not directly com-
parable with the results of expt. 7, but the data do con-
fimn that both drugs arc effective agents for lowering
(he plasia cholesterol levels of 1ats.

D. Effect of Triparanol and «-{4-(2-Diethylamino-
ethoxy)phenyl ]-a-phenyl-5-acenaphthenemethanol on
Total Sterol Levels in the Rat.—Using pooled plasma
from groups 1 and 5 in one experiment, and from (i
and 7 (Table V) in another experiment, chloroform
extracts of the nonsaponifiable plasima lipids were
prepared by saponifying 1 vol. of plasma with 12.5
vol. of alcoholic potassiuin hydroxide at 70° for 60 min.
The alkaline solution was made by diluting 12 ml. of a
339, w./w. [KOH solution to 100 ml. with absolute re-
distilled alcohol.  After saponification, an equal volume
of water was added; the nixture was cooled and ex-
tracted three times with 25 ml of petroleum ether
(Skellysolve BB). The combined petroleum ether ex-
(racts were evaporated at 60° under nitrogen and the
residue was redissolved in 1wl of chloroform.  The
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chloroform solutions were then investigated by gas
chromatography, again on two different occasions, us-
ing somewhat different conditions as noted below.

A mixture of desmosterol and cholesterol was used to
calibrate the instrument'® in order to obtain the total
sterol data for samples 1 and 5. Comparison of curves
from sample 1 (control) with the calibration curves
gave a value of 5.5 mg. of total sterol/ml. of chloro-
form extract. No peak corresponding to desmosterol,
only a single peak corresponding to cholesterol, was ob-
served. The total sterol concentration of sample 5
(29) was 1.7 mg./ml., and a peak corresponding to
desmosterol was observed, in addition to the cholesterol
peak. Comparison of the two peaks indicate that 759,
of the total sterol concentration was due to desmosterol.

Similar data for triparanol were obtained with a dif-
ferent column?® but calibration curves were not ob-
tained. Comparison of the areas under the peak from
sample 6 (control) with that from samiple 7 (triparanol)
indicate clearly that a substantial reduction in total
plasma sterol has occurred in the animals treated
with triparanol. No peak corresponding to desmosterol
was observed with sample 6, but two peaks were
observed with sample 7, and the desmosterol peak
represented 559, of the total sterol content of the sam-
ple.

E. Effect of Triparanol and «-[4-(2-Diethylamino-
ethoxy)phenyl |- «-phenyl-5-acenaphthenemethanol on
Reproduction in the Rat.—Wexler!® has reported that
“triparanol-treated rats showed marked interference
with their normal reproductive activity, i.e., prolonged
gestation, increased number of stillborn, and resorption
of fetuses.”” Therefore, we compared the effect of
compound 29 and triparanol on reproduction in the
rat.

Twenty-four virgin female Badger rats, 92 days
old, and 12 adult males were housed together in 6
cages, 4 females and 2 males per cage. After 1 week
administration of the drugs was started. Two cages
of rats were kept as controls, two cages received tri-
paranol, and two cages received compound 29. The
drugs were mixed with the ground Purina laboratory
chow, so that the daily oral intake of each drug was ap-
proximately 25 mg./kg. The females and their off-
spring were observed for a period of 6 weeks after mat-
ing. The administration of the drugs was continued
during this period.

The 8 females not receiving either drug all produced
litters, and the average litter size was 11. Only two
females receiving triparanol produced litters and the
average size was 6. There were no live births. Five
females treated with 29 had litters. The average size
was 8 with no live births., The stillborn from the
treated females showed gross developmental abnor-
malities.

These effects mitigated against submitting com-
pound 29 for clinical trial, even though, as far as po-
tency is concerned, it satisfies the requirement of being
effective at a substantially lower dose than is tripara-
nol.

(14) Stationary phase, 2%, XE-60: column temperature, 215°; carrier,
argon, 1.4 kg./cm.2; volume of injectate, 0.002 ml. for sample 1, and 0.01
ml. for sample 5.

(15) Stationary pbase, 0.7 Pluronic F-68; colimn temperature, 222°;
carrier, argon, 1.4 kg./em.?; volume of injectate, 0.003 ml. for sample 6,
and 0.01 ml. for sample 7.

(16) B. C. Wexler, Endocrinology, T4, 64 (1964).
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Experimental’

p-Bromophenyl 2-Diethylaminoethyl Ether.—Sodium (25.3 g.,
1.1 g.-atoms) was dissolved in 250 ml. of dry ethanol followed by
addition of 119 g. (1.0 mole) of 4-bromophenol in 100 ml. of
ethanol. The mixture was stirred and refluxed for 1 hr. Follow-
ing addition of 149 g. (1.1 moles) of 2-diethylaminoethyl chloride,
refluxing was continued overnight. The reaction mixture was
cooled and filtered, and the filtrate was taken to dryness.
The residue was treated with ether or chloroform and extracted
with dilute NaOH and then with water. The organic layer was
dried and then stripped, and the residue was subjected to vacuum
distillation twice through a 20-cm. packed column, to yield 216 g.
(79.49%) of colorless oil, b.p. 115-124° (1.0 mm.), n®p 1.5291.

Anal. Caled. for C:HiBrNO: C, 52.95; H, 6.67; N, 5.15.
Found: C, 53.09; H, 6.69; N, 5.22,

4'-Hydroxy=2,2,2-trifluoroacetophenone . —4’-\ethoxy-2,2,2-
trifluoroacetophenone’® was prepared from 4-methoxyphenyl-
magnesium bromide and lithium trifluoroacetate by the procedure
of Rausch, et al.'® Freshly fused pyridine hydrochloride, 100 g.,
and 33 g. (0.16 mole) of the methoxy ketone were stirred and
heated at 235° for 1 hr, The reaction mixture was dissolved in
dilute HC], and the product was taken up in ether. The ether
was removed and the residue was crystallized from benzene
to give 23 g. (759%) of product, melting at 114°,

Anal. Caled. for CgHzF;0.: C, 50.53; H, 2.65.
C, 50.63; H, 2.44.

1-Phenyl-1-(2-pyrryl)-2,2,2-trifluoroethanol.—The Grignard
reagent from 8 g. (0.33 g.-atom) of magnesium and 36 g. (0.33
mole) of ethyl bromide in 250 ml. of dry ether was cooled to —15°
and maintained under a nitrogen atmosphere. A solution of 22
g. (0.33 mole) of pyrrole in 25 ml. of ether was added at such a
rate that the temperature remained at —15°, and a solution of 58
g. (0.34 mole) of 2,2,2-trifluoroacetophenone (Matheson Coleman
and Bell) in 50 ml. of ether was added. Hydrolysis was accom-
plished with ice-cold ammonium chloride solution. The product
was taken up in ether, dried, and distilled. The distillate solidified
and was crystallized from c¢yclohexane (Table I, 42).
9,10-Dihydro-9-(3-pyridyl )-9-anthrol.—3-Pyridyllithium
(0.23 mole) was prepared according to the procedure of Gilman
and Spatz.? The ether solution was kept under nitrogen and
cooled to —60°. Anthrone (38.8 g., 0.2 mole) was added in small
portions, and the reaction mixture was allowed to warm to room
temperature before it was poured onto ice. The solid was col-
lected, washed with ether, and crystallized from ethanol (Table
1, 43).

Preparation of the Ketones in Table II.—The sodium salt of
the hydroxy ketone was allowed to react with the appropriate
dialkylaminoalkyl chloride in the manner described above for
the preparation of p-bromophenyl 2-diethylaminoethyl ether.

Preparation of Carbinols and Related Compounds. Method
A —The ketone and p-chlorobenzylmagnesium chloride were
allowed to react in the manner previously described.”

Method B.—A solution of 27 g. (0.1 mole) of p-bromophenyl
2-diethylaminoethyl ether in 100 ml. of dry tetrahydrofuran
and 2.4 g. (0.1 g.-atom) of magnesium turnings were stirred and
Leated under reflux until the reaction started. The source of
heat was removed until the exothermic reaction ceased, and then
refluxing was colutinued for 2 hr. A solution of the ketone
(0.1-0.15 mole) in 30 ml. of tetrahydrofuran was added slowly,
and then the solution was heated under reflux for 2 hr. The flask
was cooled in an ice bath, and the Grignard complex was hydro-
lyzed by dropwise addition of 15 ml. of saturated ammonium
chloride solution. The solid was collected on a filter, the
filtrate was stripped, and the residue was subjected to vacuum
distillation, The hydrolysis could also be effected by dropwise
addition of 100 ml. of 20, ammonium chloride solution.

Method C.—The Grignard reagent was formed in ether. The
reaction was worked up as described under B.

Method D.—The sodium salt of the appropriate picoline or
niethylpyrazine was prepared, and the reaction was carried out,
as previously described.” It was necessary to heat g-picoline
and sodamide on the steam bath to obtain 8-picolylsodium.

Found:

(17) All melting points are uncorrected. Most of these compounds
were made prior to 1962, before the journals of the American Chemical
Society annonnced the requirement of melting point corrections.

(18) R. Fuchs and G. J. Park, J. Org. Chem., 22, 993 (1952).

(19) D. A. Rausch, L. F. Coleman, Jr., and A. M. Lovelace, J. Am.
Chem. Soc., T9, 4983 (1957).

(20) H. Gilman and S. M. Spatz, 1bid., 62, 446 (1940).
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Various l-aryleyclohexylamines were synthesized for evaluation as ceutral nervous system depressants.

The compounds were prepared by several procedures.

1-(1-Phenyleyclohexyl)piperidine, the first compound

of this type synthesized, was prepared from 1-piperidinocyclohexanecarbonitrile by replacement of the cyano

group by phenyl using phenylmagnesinm bromide.
antitonic extensor properties.

During an investigation of the reaction of Grignard
reagents with hindered nitriles, 1-piperidinocyclo-
hexanecarbonitrile! was employed. The product
forimed by the reaction with phenylmagnesium bromide,
1-(1-phenyleyclohexyl)piperidine  hydrochloride, was
found to be a potent anesthetic agent in animals with-
out significant effect on the respiration, heart rate,
blood pressure, and body tewmperature.* Clinical
application of phencyclidine? at total doses rauging from
0.138-1 mg./kg. of body weight produced profound
analgesia without depression of circulation, respiration,
or disturbauce of cardiac rhythim.* Additional applica-
tions in human therapy are recorded.’

Various other l-aryleyclohexylamines have been
prepared in these laboratories in the past several years.
Several synthetic routes were investigated. One
method, applicable to the preparations of compounds of
type I possessing cyclic amines, consisted of the replace-
ment of the eyano group of the corresponding 1-cyclic-

Ar

K
3/& NS
I, X=N or N or
<:’——R2 —/

R,
Ri=Hor CH;
R2 =Hor C-zH;,

aminocyclohexanecarbonitrile by arylmagnesium halide
(mmethod A), as illustrated below for phencyclidine.

O(;N <:><Qs:Ha>

(1) A. Kotz and I'. Merkel, J. prakt. Chem., 118, 49 (1U26).

(2) G. Chen, Federation Proc.. 17, 358 (1958).

(3) Sernyl or Sernylan® is the Trademark for pbencyelidine, 1-(phenyl-
cyclohexyl)piperidine hydrochloride.

(4) F. E. Greifenstein, M. DeVault, J. Yoshitake, and J. E. Gajewski,
Anesthesia Analgesia, Current Res., 87, 283 (1958).

(5) (a) M. Johnstone, V. Evans, and 8. Bajgel, Brit. J. Anaesthesia, 31,
433 (1959); (b) I. M. Riffin, J. Med. Soe. N. J., §7, 15 (1960); (c) A. .
Catenacei, D. ). Grove, W. A. Weiss, 8. M. Fisher, A. M. Sisinondo, and
J. H. Meyer, Antibiot. Med. Clin. Therapy. 6, 145 (1859); (d) M. W, Jobn-
stone, Der. Anaesthesist. 9, 114 (1960); (e) G. deCastro and P. Mundeleer,
Agressologre, 1, 511 (1960); (f) B. J. Myir, V. Evans, and J. J. Mulcahy,
Brit. J. Anesthesia, 88, 51 (1961),

CGH ;MgBr
method A

These compounds were tested for cataleptoid activity and

Alternatively, this compound was prepared by allow-
ing phenylimagnesium halide to react with a salt of 1-(1-
cyelohexenyl)piperidine. This reaction appears to
proceed zia an attack by the nucleophilic Grignard re-
agent on the tertiary inuninium compound.

The procedures emploved for the preparation of aryl-
cyclohexylamines of type Ila-d are illustrated by
methods B-F and G.

Ar Ila, R=H; R =alkyl
b, Rand R’ =alkyl
) ¢, R=R'=H
11 NRR’ d, R=H; R"= substituted alkyl

R Ar
Ar LiAlH, !
R
NRCOCH; NRC.H,
method B ArLl /

R = CHoCH,0 —(U\) Ar

method E

method G
R=CH.,C¢H;

NRCH; NH;

NHCH:CH.OH

CH.0
HCO,H

o8

The aryleyclohexylamines of type I1d were prepared
by method B. T'or secondary amines of type IId with
a hydroxyl group in the side chain, a tetrahydropyranyl
ether was used as a protecting group (method ).
Thus, 2-cvanomethoxytetrahydropyran® was reduced
to the amiue with lithium aluminun hydride, which in
turn  was treated with cyclohexanone to afford
eyclohexylidene-g-tetrahydropyranyl-2- oxyethylamine.
I'urther reaction with phenyllithium followed by acid
hydrolysis  gave N-(8-hydroxyethyl)-1-phenyleyclo-
hexylamine.

A survey of the literature indicated that one of the
members of the type ITc series, namely 1-phenyleyclo-
hexylamine, had been reported in 1907 by Kursanov.”
His method was based on the sealed-tube nitration of

method (JJ

36) b Davoll and D, 1. Laney, J. Chem. Soe., 2124 (19563,
(7) N. Kursanov, J. Huss. Phkys. Chem, Soc., 88, 1295 (1807); Chem.
Abstr., 1,203 719075



