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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 X-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 
atoms, with or without branching (i.e., 46 and 47), or 
omission of branching, a la 45, or direct attachment 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; 

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.2'3 Although a 
number of drugs are known to possess hypocho
lesteremic activity, none are entirely satisfactory.3'4 

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.5-6 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.2'3'6 A fur
ther possible disadvantage of triparanol is its lack of 
potency. A typical dose for human patients is 250 mg. 
daily.6 For 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./ 
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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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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,7 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 l,l-diphenyl-2-(4-pyridyl)-
ethanol. Its potency is about the same as that of I. 
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 I. 

(7) H. B. Wright, D. A. Dunnigan, and IT. Biermacher, J. Med. Chem., 
7, 113 (1964). 
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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, a-[4-(2-diethylaminoethoxy)phenyl]-
a-phenyl-5-acenaphthenemethanol, proved to be considerably more potent than triparanol in both rats and 
mice. 
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" The intermediate aldehyde was prepared as described by J. Bernstein, H. L. Yale, K. Losee, M. ITolsing, J. Martins, 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). c The intermediate ketone has been described by R. I. Meltzer and A. 1). Lewis, J. Org. Chem., 22, 612 
(1957). d The compound is l-(4-chl()rophenyl)-2-|4-(2-diothylaminoethoxy)-l-naplithyl]-2-propanol. e Melting point is for the hydrochloride. ' T h e intermediate ketone was prepared by the 
procedure of C. I). third and C. N. Webb, "Organic Syntheses," Coll. Vol. I, 2nd Ed., John Wiley and Sons, Inc., New York, N. Y., 1941, p. 217. ° liecrystallized from acetone. * Recrystallized 
from methanol-Skellysolve B. ' Recrystallized from benzene-Skellysolve C. ' Recrystallized from isobufyl alcohol. * The required ketone was prepared from aeenaphthene and benzoyl chloride 
in nitrobenzene at 0° in the presence of anhydrous aluminum chloride. The product melted at 98-99°. L. F. Fieser and E. B. Hershberg [J. Am. Chem. Soc., 61, 1278 (1939)| reported m.p. 
98.5-99.5° and 101°. ' The Grignard reaction was carried out in tetrahydrofuran. m Recrystallized from Skellysolve B. " Compound was not purified. " See Experimental section for method 
of preparation. v Prepared from 3-pyridyllithium and xanthenone in the same manner as described for 43. Recrystallized from benzene. 
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" The hydroxy ketones required for the preparation of the ketones in this table were obtained from commercial sources (Aldrich 
Chemical Co., Inc., The Dow Chemical Co., or Tennessee Eastman Co.), were prepared as described in the literature, or are described 
in the Experimental section. >> This compound has been reported by G. Di Paco and C. S. Tauro, .Inn. chim. (Rome), 48, 1215 (1958). 
c The required hydroxy ketone was prepared by the Fries reaction as described by It. Baltzly, \V. S. Ide, and A. P. Phillips, ,/. Am. 
('hem. Soc, 77, 2522 (1955). d The required hydroxy ketone was prepared by the Fries reaction as described by K. v. Auwers, II. 
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. Uhcm., 23, 1979 (1958). f The compound is 4-(2-diethylamino-
ethoxy)-l-acetonaphthone. « The required hydroxy ketone was prepared by the Fries reaction as described by H. Lederer, ,/. prakt. 
Chem., 135, 49 (1932). * The 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. Xencki and E. Stoeber [Her., 30, 1772(1897)] reported in. p. 176°. ' P r e p 
aration of this compound is described in U. S. Patent 2,914,562 (R. E. Allen, F. P. Palopoli, E. L. Schumann, and M. G. Van Canipen, 
Jr., to the Wm. S. Merrell Co., Nov. 24, 1959). 

CI CH2MgCl 

II 

R1 lCO ^ 

I I I 

'/) 
,R" method A 

OH 

Cl- C H 2 - C 

RJ 

IV 

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-

(H5C2)2NCH2CH20 

V 

<, h— MgBr III 
m e t h o d B 

(H5C2)2NCH2CH20 

OH 
I 

C 
! 

R1 
.r 

VI 

(2-diethylaminoethoxy)phenylmagnesium 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 yielding the correspond

ing ethylene derivative. Attempts to prepare 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.8 Another advantage of 
tetrahydrofuran as a solvent for Grignard reactions is 
the increased solubility of the Grignard complexes in 
this solvent as compared with that of ether. 

OH 

RMgX + III 

VII 

method (' 
R—C—iv h— OCH2CH2N(C,H5 

C„H, 

IX 

The reaction of various Grignard reagents (VII) with 
4-(2-diethylaminoethoxy)benzophenone [III, R1 = 
phenyl; R2 = 4-OCH2CH2N(C2H6)2] comprises 
method C. Method D involves the reaction of the 

o-CH,Na + III 
method D Qrcn^-0 

OH 

C-

R1 

XI 

(8) I ) . Lednicer . J. ( ' . Babcoek , S. ( ' . Fysler , J. G. Stucki , and G 
Duncan , Chem. Ind. (London) , 2098 (19611. 
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sodio derivative of a methylpyridine (X), or a methyl-
pyrazine, with 4-methylbenzophenone (III, R1 = 
CeH3; R2 = 4-CH3), to give the corresponding carbinol 
XI. This method was not restricted to 2- and 4-
picolines, but was also successful using 3-picoline. 
Formation of sodium salts of 2- and 4-picolines has 
been long known, but it was not until 1951 that Brown 
and Murphey9 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 room 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.10 

Several 7-chlorobutyrophenones were allowed to re
act with 4-(2-diethylaminoethoxy)phenylmagnesium 
bromide. The products isolated were not the 7-
chlorobutylcarbinols. The carbinols spontaneously 
lost HC1, and the substances actually isolated are pre-

OH 

(C2H5),NCH,CH20 

OCH,CH,N(C2H5)2 xil 
sumed to be 1,1-disubstituted tetrahydrofurans (XII). 

The various ketones required for preparation of the 
carbinols and other compounds in Table I, which have 
not been described previously in the literature, are de
scribed in Table II. Known 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,11 and (2) a 
modification of Abell's method.12 Both methods 
measure cholesterol and at least part of the desmosterol 
if it is present.4'66,13 Therefore "plasma cholesterol" 
as determined in these studies actually represents 
cholesterol plus part or all of any desmosterol 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 described7 using the method of 
Zak11 for the cholesterol determinations. The active 
compounds are listed in Table III. Because of the 

(9) H. C. Brown and W. A. Murphey, J. Am. Chem. Soc, 73, 3308 
(1951). 

(10) Two products from the monosodium salt of 3,4-lutidine were de
scribed in our previous paper7 (Table I, 10 and 11). I t is necessary to point 
out that 11 is l,l-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, H. Burnett, and P. J. 
Cherney, Am. J. Clin. Pathol., 2i, 1307 (1954). 

(12) G. F. Lambert, J. P. Miller, R. T. Olsen, and D. V. Frost, 1'roc. 
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). 

TABLE I I I 

RESULTS OF ROUTINE SCREENING FOR HYPOCHOLESTEREMIC 

ACTIVITY IN M I C E 

Daily dose, Response, 
Compd." mg./kg. % reduction6 

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 55 

5 50 

39 

46 

43 

30 

18 

49 

28 

33 

31 

34 

26 

49 

27 

25 

18 
: The numbers refer to the compounds in Table I. b % reduc-

/ mg./lOOof cholesterol, treated mice \ 

\ mg./lOO of cholesterol, control ave rage / ' 

30 

31 
32 
33 
34 
40 
46 

Triparanol 

100 
10 
5 
1 

312 
100 
25 
100 
188 
38 
100 
10 
5 
1 

tion = 100 1 

c 8% increase. a 10% increase. 

normal variability of cholesterol levels in mice, a de
crease of less than 20% 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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T.VW.E I\ 

EFFECT OF TRIPAKAXOI., AND COMPOUND 29 n.\ PLASMA CHOLESTEROL IN THE Aim 

C'ompd, 

Control 

29 

29 

Triparanol 

Triparanol 

Daily dose, 
mK./kfc. 

.) 
1 

5 

1 

Wl 
'•*•/ 

-•• i i a i n . 

•'0 mice 

+ 14 

+ 17 

+ 21 

+ "> 
+ 24 

Plasma 
cholesterol. 

rii2./100 •:.- S.H.M. 

200 ± 14.C. 

I 99 ± (i S 

122 ± (>, s 

149 ± 11,5 

104 ± 9 2 

Significance 
' compared t-o control) 
(analysis of variance 

p < 0,01 

p < 0 01 

0.01 < p < 0.0.") 

0.01 < p < 0.0.3 

TABLE Y 

EFFECT OF TRIPAKAXOI. AXD COMPOIXD 29 ox PLASMA CHOLESTLKUL IX THE l'.vr 

iroup 

1 
o 

:i 

4 

5 

(> 
T 

Administ ered 

Conipd. 

Control 

29 

29 

29 

29 

Control 

Triparanol 

subcutaneouslv in corn oil. 

Daily dose, 
ms./kg." 

0. 1 

o :5 

1 0 

ICO 

10,0 

Nun iber 
of rats 

(i 

.I 

."! 
5 

(i 

5 

• " ) 

i 

i 

ITasma 
cholesterol, 

mjr.,'100 ± S.E.M. 

(it) .") ± 1 . S 

50 0 ± 1 . (> 

1)2 S ± 2 9 

04. s ± :i:.i 

•5 1 .7 ± 2.4 

70.0 

.V2 ."> 

Significance 
(compared to control) 
(analysis of variance) 

0,01 < p < 0.0."") 

0.05 < p 

0 05 < p 

]) < 0.01 

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

B. Comparison of Hypocholesteremic Activity of 
Triparanol and a-[4-(2-Diethylaminoethoxy)phenyl]-
a-phenyI-5-acenaphthenemethanol (Table I, 29) in 
the Mouse.—Male mice weighing about 30 g. were 
housed in groups of six and weighed as a group at the 
beginning and at the end of the treatment period of 2 
weeks. Drugs were mixed with the diet (ground mouse 
breeder chow), whicli was fed ad lib. At the end of 
the feeding period, the mice were bled by cardiac punc
ture, and plasma cholesterol concentrations were de
termined by the method of Zak." These results are 
summarized in Table IV. 

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

C. Hypocholesteremic Activity of Triparanol and 
a- [4-(2-Diethylaminoethoxy)phenyl]-a-phenyl- 5 - ace-
naphthenemethanol in the Rat.—The compounds were 
dissolved in corn oil and injected subcutaneouslv in 
rats once daily for 7 days. The control animals were 
injected with equivalent volumes of corn oil. At the 
end of the experiments, the animals were bled by cardiac 
puncture and plasma cholesterol levels were determined. 
The results are summarized in 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-response 
curve for 29 and the appropriate control were obtained 
by Abell's method,12 using a plasma sample from each 
rat. According to Hollander61' and Frantz,13 the Abel! 

method measures about 50-60% of the desmosterol 
present as well as the cholesterol. The "plasma 
cholesterol" data in Table V (expt. 2-5), therefore, are 
higher than the actual cholesterol concentration, but 
lower than the actual cholesterol plus desmosterol con
centration. 

The data for the rats given triparanol and the corre
sponding control, which are included for comparison, 
were obtained by the method of Zak,11 using plasma 
which had been pooled after removing the cells by 
centrifugation. Zak's procedure for determining cho
lesterol is reported to measure desmosterol equally with 
cholesterol.413 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, dose 
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 triparanol also give an indication 
of an effect, but since pooled plasma was used, no 
statistics can be calculated. 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
firm that both drugs are effective agents for lowering 
t he plasma cholesterol levels of rats. 

D. Effect of Triparanol and a- |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 plasma lipids were 
prepared by saponifying 1 vol. of plasma with 12.5 
vol. of alcoholic potassium hydroxide at 70° for 60 min. 
The alkaline solution was made by diluting 12 ml. of a 
33% w.;'w. KOH solution to 100 ml. with absolute re
distilled alcohol. Aft er saponification, an equal volume 
of water was added; the mixture was cooled and ex
tracted three times with 25 ml. of petroleum ether 
(Skellysolve IV). The combined petroleum ether ex
tracts were evaporated at 00° under nitrogen and the 
residue was redissolved in 1 ml. 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 instrument14 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. Xo 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 75% 
of the total sterol concentration was due to desmosterol. 

Similar data for triparanol were obtained with a dif
ferent column15 but calibration curves were not ob
tained. Comparison of the areas under the peak from 
sample 6 (control) with that from sample 7 (triparanol) 
indicate clearly that a substantial reduction in total 
plasma sterol has occurred in the animals treated 
with triparanol. Xo peak corresponding to desmosterol 
was observed with sample 6, but two peaks were 
observed with sample 7, and the desmosterol peak 
represented 55% of the total sterol content of the sam
ple. 

E. Effect of Triparanol and a-[4-(2-Diethylamino-
ethoxy)phenyl]-a-phenyl-5-acenaphthenemethanoI on 
Reproduction in the Rat.—Wexler16 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 phase, 0.7% Pluronic F-68; column temperature, 222°; 
carrier, argon, 1.4 kg./cm.2; volume of injectate, 0.003 ml. for sample 6, 
and 0.01 ml. for sample 7. 

(16) B. C. Wexler, Endocrinology, 74, 64 (1964). 

Experimental17 

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, 
remixing 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. 
(79.4%) of colorless oil, b.p. 115-124° (1.0 mm.), n25D 1.5291. 

Anal Calcd. for C12H18BrNO: 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 '-Methoxy-2,2,2-
trifluoroacetophenone18 was prepared from 4-methoxyphenyl-
magnesium bromide and lithium trifluoroacetate by the procedure 
of Rausch, et al.n Freshly fused pyridine hydrochloride, 100 g., 
and 33 g. (0.16 mole) of the methoxy ketone were stirred and 
heated a t 235° for 1 hr. The reaction mixture was dissolved in 
dilute HC1, and the product was taken up in ether. The ether 
was removed and the residue was crystallized from benzene 
to give 23 g. (75%) of product, melting at 114°. 

Anal. Calcd. for C8H6F302: C, 50.53; H, 2.65. Found: 
C, 50.63; H, 2.44. 

l-Phenyl-l-(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 cyclohexane (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.20 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 crvstallized from ethanol (Table 
I, 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 
heated under reflux until the reaction started. The source of 
heat was removed until the exothermic reaction ceased, and then 
refluxing was continued for 2 hr. A solution of the ketone 
(0.1-0.15 mole) in 50 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 
methylpyrazine was prepared, and the reaction was carried out, 
as previously described.7 I t was necessary to heat /3-picoline 
and sodamide on the steam bath to obtain /3-picolylsodium. 

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

(18) R. Fuchs and G. J. Park, J. Org. Chem., 22, 993 (1952). 
(19) D. A. Rausch, L. E. Coleman, Jr., and A. M. Lovelace, J. Am. 

Chem. Soc, 79, 4983 (1957). 
(20) H. Gilman and S. M. Spatz, ibid., 62, 446 (1940). 
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Various 1-arylcyclohexylamiiies were synthesized for evaluation as central nervous system depressants. 
The compounds were prepared by several procedures. l-(l-Phenylcyclohexyl)piperidine, the first compound 
of this type synthesized, was prepared from 1-piperidinocyclohexanecarbonitrile by replacement of the cyano 
group by phenyl using phenylmagnesium bromide. These compounds were tested for cataleptoid activity and 
antitonic extensor properties. 

During an investigation of the reaction of Griguard 
reagents with hindered nit riles, 1-piperidinocyclo-
hexanecarbonitrile1 was employed. The product 
formed by the reaction with phenylmagnesium bromide, 
l-(l-phenylcyclohexyl)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 temperature.2 Clinical 
application of phencyclidine3 at total doses ranging from 
0.138-1 mg./kg. of body weight produced profound 
analgesia without depression of circulation, respiration, 
or disturbance of cardiac rhythm. 4 Additional applica
tions in human therapy are recorded/" 

Various other 1-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 cyano group of the corresponding 1-cyclie-

Ar 

X 

I, X = N N rr R i 

or N 
-R2 

R i 

Ri = HorCH, 
R2 = HorC2Hr, 

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

ex CN 

wQ 
C6H5MgBi 
method A cOg 

(1) A. Kotz and P. Merkel, / . prakt. Chem., 113, 49 (1926). 
(2) G. Chen, Federation Proc, 17, 358 (1958). 
(3) Sernyl or Sernylan® is the Trademark for phencyclidine, l-(phenyl-

cyclohexyl)piperidine hydrochloride. 
(4) F. E. Greifenetein, M. DeVault, J. Yoshitake, and J. E. Gajewski. 

Anesthesia Analgesia, Current Res., 37, 283 (1958). 
(5) (a) M. Johnstone, V. Evans, and S. Baigel, Brit. J. Anaesthesia, 31, 

433 (1959); (b) I. M. Riffin, J. Med. Soc. A'. J., 57, 15 (1960); (c) A. J. 
Catenacci, D. D. Grove, W. A. Weiss, S. M. Fisher, A. M, Sisraondo, and 
J. H. Meyer, Antibiol. Med. Clin. Therapy, 6, 145 (1959); (d) M. W. John
stone, Der. Anaesthesist, 9, 114 (1960); (e) G. deCastro and P. Mundeleer, 
Agressnlogie, 1, 511 (1960); (f) B. J. Muir, V. Evans, and J. J. Mulcahy, 
Brit. J. Anesthesia, 33, 51 (1961). 

Alternatively, this compound was prepared by allow
ing phenylmagnesium halide to react with a salt of 1-(1-
cyelohexenyl)piperidine. This reaction appears to 
proceed via an at tack by the nucleophilic Grignard re
agent on the tertiary imminium compound. 

The procedures employed for the preparation of aryl-
cyclohexylamines of type I l a - d are illustrated by 
methods B - E and G. 

II 

Ar 

NRR' 

Ila, R = H;R' = alkyl 
b, R andR' = alky 1 
c, R = R' = H 
d, R = H; R' = substituted alkyl 

o«« 
Ar LiAlH4 

method B ArLi 

method D 
NRCOCHa 

Ar 

NRC2H, 

method C 

Ar 

NHR 

CH.O 
HC02H 

Ar 

R=CH2CH20 

H 3 0 ~ 
method E 

k method G 
R=CH,C6H, 

Ar 

NHCH2CH2OH 

NRCR, 

Ar 

NH2 

The arylcyclohexylamines of type l i d were prepared 
by method B. For secondary amines of type l i d with 
a hydroxyl group in the side chain, a tetrahydropyranyl 
ether was used as a protecting group (method E) . 
Thus, 2-cyanomethoxytetrahydropyran6 was reduced 
to the amine with lithium aluminum hydride, which in 
turn was treated with cyclohexanone to afford 
cyclohexylidene-(3-t el rahydropyranyl-2- oxyethylamine. 
Fur ther reaction with phenyllithium followed by acid 
hydrolysis gave X-(/3-hydroxyethyl)-l-phenylcyclo-
hexylamine. 

A survey of the literature indicated tha t one of the 
members of the type l i e series, namely 1-phenylcyclo-
hexylamine, had been reported in 1907 by Kursanov.7 

His method was based on the sealed-tube nitration of 

iti) .1. Davoll and D. 11. Laney, ./. Chem. Soc, 2124 (1956). 
(7) N. Kursanov, ./. h'uss. 1'lips. Chem. Soc, 38, 1295 (1H07); Chem. 

Abstr., 1, 2093 <'1907i. 


