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The synthesis and serum sterol lowering properties of a series of orally active 4,4'-disubstituted bipheuyls and
related compounds are discussed. Using 2-(4’-nitro-4-biphenylyloxy)triethylamine as a lead compound, vari-
ations in the basic ether moiety of this derivative were investigated. Maximum activity was found wheu the

terminal tertiary amine was included in a pyrrolidine ring.

Based on this study a series of 1-{2-[4'-(substituted )-

4-biphenylyloxylethyl }pyrrolidines was syuthesized leading to the discovery of 1-{2-[4'-(trifluioromethyl)-4-
bipheuylyloxy]ethyl jpyrrolidine (35), one of the most potent, nonestrogenic, nonsteroidal hypocholesteremic

agents reported to date.

It is capable of causing ca. 209 lowering of serum sterol levels (compared to control

levels) when administered to rats orally at ca. 0.0003% of diet.

This work represents the second part? of a program
initiated for the purpose of synthesizing orally active,
nonsteroidal hypocholesteremic agents and has led
to the discovery of a series of biphenyl derivatives
having marked serum sterol lowering properties,

The intermediates used in the synthesis of the nitro-
biphenyl derivatives (4, 5, and 16-26) and the halo-
biphenyl derivatives (10-15 and 33) were prepared by
well-known methods and the 4-(2-dialkylaminoalkoxy)-
4’-substituted biphenyls reported in this paper were
prepared by the alkylation methods outlined in Scheme
I. The isomers (II and III) produced when branched
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Ri = 2'- or 4’-substituted phenyl

I{g and 123 = Hor CH3

Ry = Rs; = lower alkyl

DCC = N,N'’-dicyclohexylcarbodiimide

alkylating agents were used in methods A or B could be
separated by liquid-liquid partition chromatographie
techniques (see Experimental Section); the intermedi-
acy of a cyclic ethylenimonium ion in method B is
discussed elsewhere.?®

(1) Portions of this paper were presented before the Division of Medicinal
Chemistry at the 151st National Meeting of the American Chemical Society,
Pittsburgh, Pa., March 28-31, 1966, Abstracts of Papers, p 18P,

(2) (a) For part I of this series see F. L. Bach, J. C. Barclay, and E. Cohen,

J. Med. Chem., 10, 802 (1967); (b) F. L. Bach and E. Cohen, Chem. Commun.
413 (1968).

The hydroxybiphenyl derivative (30) was prepared
in good yield using 23 as starting material (see Scheme
II), and the intermediate (VIII) required for the syn-
thesis of 32 was prepared as outlined in Scheme III.
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The most active biphenyl derivative, 35, was pre-
pared following the synthetic routes illustrated in
Scheme IV. Although the Grignard route required
more synthetic steps than the mixed Ullmann route, the
over-all vield was much better.

Results and Discussion

Omne phase of the present structure—activity relation-
ship study centered on the importance of the bridging
NH group in the original lead compound (1) and the
results are listed in Table I. As indicated, replacing
the NH group in 1 by O or S (¢f. 1-3) resulted in a
complete loss of activity; however, elimination of the
bridging NH group in 1 to form the nitrobiphenyl
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Figure 1.--The effect of variation in the basic ether portion of
d-nitra-4"-snbstituted hipheuyls. 1lypocholestereimic activity is
based on per cent lowering of sernm sterol levels compared 1o
conaol levels when eompounds were fed (o rats at 0.00:3¢, of the
diet for 6 duys.
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analog 4 led to the discovery of u very poteut series of
hypocholesteremie agents.

A brief inspection of the data listed in Table II
encourages one to relate the high activity of 4 with
the following structural features:®* (a) a 4,4’ substitu-
tion pattern Is important in the biphenyl nucleus
(¢f 4 and 5), and (b) maximum hypocholesteremic
activity is associated with biphenyl systems having
stroug eleetron~withdrawing groups in one ring (¢f. 4
and 6) and a basic ether residue in the opposite ring:
the O and N atoms of the basic ether group are sepa-
rated by a two-carbon chain in all of the active com-
pounds,

Having previously noted the effects of slight vari-
ations in the basic ether group of other types of non-
steroidal hypocholesteremic agents,?® a similar study
was initiated using 4-halobiphenyl derivatives, These
results are summarized in Table III and, apparently,
marked differences in serum sterol activity can also be
achieved by these relatively minor changes in appro-
priately substituted biphenyls* (¢f. 11-14),

¢3) Tlese poinls parallel the resutts obtained in 1be diphenylamine strue-
ture-getivily relationship studies previously reported; see ref 2a.

14) Possible changes in the inhibition of chotesterol bigsynlhesis dne .
slerie elfecls in Lhe hasie echer residae oi active biphenyls will Lie repusried
clsewhere,
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* For a deseription of the animal testing procedure see vef 2ic
and the following paper. * Activily ratiugs were based an
per cent of drug iu diet necessary 1o bring about n 20--30%. lawer-
ing uf serim sterols compared Lo coutrol levels:  0.050 = 1,
0,035, = 1, 0.01"% = 2, 0003 = 3, 0.001%, = 4, D.O003,, = 5,
(! (»mpmmds elieiting u sertn sterol lowering of 197 (or less) when
tested at 00597 of the diet are rated zero. - For the synthesis
mied physical properties of 1-3 see part Tt this series.® ¥ See the
Experimental Section aud Table 1T for the syuthesis aud physical
properties. ¢ ¢rans-1,4-Bis(2-chlorobenzylaminowethyl)eyelohex-
ane (Averst Research Laboratories) was rated 4 ou this seale.
“The initial sereening data reported in Tables 1-V were deter-
wined by Dr. ¥ Gardon and his group in the Biochemieal Re-
senrch Sectioie af this lnborntory.

i

Bused on the preliminary data listed in ‘Table 111,
very detailed investigation dealing with the dialkyl-
aminoethoxy portion of 4 (the lead compound at the
beginning of this study) was carried out. The initinl
screening results reported in Table IV clearly associate
2-polymethyleniminoethoxy residues with strong hy-
pocholesteremic activity {¢f. 4, 23-25). These results
are more clearly illustrated in Figure 1 where several
points are emphasized: (1) replacing a terminal di-
methylamino group by a diethylamino group inereases
netivity (of. 4 and 16); (2) joining the alkyl substituents
on thie N to form o polymethylene ring elicits a marked
inerease in netivity (¢f. 4 and 23-25); (3) alkyl branch-
g iu 2-dimethyluminoethoxy residues did not bring
about the same response in the 4-nitrobiphenyl deriva-
tives ax previously ohserved in the f-nitrodiphenyl-
amnines  and  N-(hetero)-p-(2-dialk ylaminoethoxy)aai-
ltes (see ref 2u, and ¢f. 16 and 18-20); aud (1) specific
basieity rcquircmcnts i tho teltiary amine purti(m of

(‘()11.51(1(-31 able l(m\ i d(,tl\ 1t} uccnmng \\hen a plpeudmu
group is replaced by amorpholino graup (¢f. 17 and 24).
An estimate of this difference in basieity ean be made by
comparing the pA, vahies® of piperidine and morpho-
line, Z.¢., 11.2 und 8.7, respectively.

Our attention was uext directed to funetional groups
which might replace the 4-NOs in 28 aud 24 and stiil
impart aetivity to the biphenyl system. An interesting
structure—activity relationship emerged from the re-
sults expressed in Table V. Reduction of the 4’-NO.
to 4’-NH, caused a considerable loss in serum sterol
lowering activity (¢f. 23 and 28) as did rcplacement with
OH, CH;, C(CHy);, and C(CH;)==NOH groups in the
1/ position (/. 23, 30, und 36-38). Based on these
data and those in Table IT it is apparent that strong
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10

e See footuote b 11 Table I for activity ratings.
4 Melted with decomposition.

C, 4, N.

Compd
11
12
13
14
15

« See footuote b in Table I for activity ratings.
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II

SUBSTITUTED 4-(2-DIETHYLAMINOETHOXY )BIPHENYLS AND RELa1ED CoMPOUNDS

RIOCHQCHQN(CQHs)z

Ry R2

NO, H

H NOy
H H
CHa?CECH H

OH

COOH He
COCH; H
Br He

s
b /6

R,
Mp or bp (1),

Yield, 95° °C

62 49-50

03 206-207

45 176-178 (0.2)

36 116-118

45 261-2624

48 113-114

45 198-199

yield for last step in synthesis.
e C: caled, 56.19; found, 56.78. N: caled, 3.64; found, 3.10.

TapLe I1I

989

Seram sterol

Formula’ lowering act.?
CisH2N10; 3
CisH2N20;- HCI 0
CisHxNO 0
Cy:HusNO, 0
C1,HxNO; - HCI 1
CaoHaNO;, 2
CisH2BrNO-HCIle 2

VAR1ATIONS 1IN THE Basic ETHER PorrioN oF 4-Havro-4'-suBsTITUTED BI1PHENYLS

OO

X R Yield, %P Mp, °C
Cl OCH,C(CH;),N(CHjy): 8¢ 115-116
Cl OC(CH;).CH,N(CHj3), 36¢ 83-84
Br OC(CH;),CH,N(CHj),4:¢ 34 77-79
Br OCH,CH,N(CHj), 87 122-123
Br NHCHZCHZNG 20 141-142

crude yield was determined by nmr aualysis.

ing.

Compd
16

17

26

e See footuote b in Table I for activity ratings.
niined by umr aunalysis aud separation of isomers was achieved by partition chromatography ; see Experimental Sectiou.
niixture was ot resolved; struecture established by nmr analysis.

mouohydrochloride. ¢ Isonieric mixture melted at 48-30°,

64.35.

7 All compounds were analyzed for C, H, N.

VaR1aTIONs IN THE Basic ETHER PorTION OF 4-(2-D1ALKYLAMINOETHOXY )-4/-N1TROBIPHENYLS

R
CH,CH.N(CHj)

CH,CH, N/_\O

T/
CH(CH3)CH.N(CHj)ye@
CH.CH(CH;)N(CHz),¢+4
C(CH;).CH,N(CHj),¢
CH,CH,N(7-Cs113),
CH,CH.N(CH;)CH.Cql1;

evere{ ]
b
CHZCHZO /

bf
CHCH, NQ

CH,CH,CH,N(CHj;),

b G yield is given for last step in syuthesis.

Forinula/

CisHyCINO?

CisHCINO

ClstgBI‘NO
ClsngBI‘NOh

CisHnB

I‘N-_)

¢ Compound tested as a monohydrochloride.
7 All compounds were analyzed for

Serum sterol
lowering act,”

1

2
3
0
1

¢ The distribution of isoniers in the

The isomers were separated by partition chromatography; see the Experimental Section
for details. ¢ Nnur analysis indieated 899 of isomer 13 present in the reaction mixture. ¢ Isomeric mixture was submitted for screen-
i caled, 5.67; found, 6.28.

9 C:

caled, 71.16; found, 70.51.

TaBLE IV

Yield, %" Mp. °C
42 6369
18 112-113
40 g

[4
31 74-75
30 50-51
22 62-63
64 69-70
40 227-230
54 225-229
70 169-170

h H:

b &7 yvield is given for last step in synthesis.

e Structure established by nmr.
& All compounds were analyzed for C, H, N.

Formula?

CIGH18N203
CisHzoN:04!

CrH20N0;
C1HoN:203
Ci1sH2N,04
CaoH2N0;
Cisll2oN205

CIQHZ‘.’NZO(i *

CﬂOHZSNZOG ¢

C1sH1sN 0

HCI

HCl

i C:

Serum sterol
lowering act.?

= 0w = O

4

0

¢ The isomeric distribution was deter-

4 The racemic

/ The compound was tested as

caled, 65.84; found,
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52 SOLCH 2 41 103-154 Cul L NS 2
33 Brd 2 28 HOS- 107 CraliaBrNO 4
34 N 3 23 121-128 Cay N0 4
35 Clry 2 49 [-116 CllleluNO A
1 Cll, 2 Sl 86 -88 Cral LN O t
B C(CI )y 2 67 8- 6 Callea N O t
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“ See foalnote b in '’ “

ride.

v

I'able I for activity ratings.
< Compound tested as a hemihydrate.

caled, 76.30; found, 77.05. N: caled, 4.94; fonnd, 4.30.

cleetron-withdrawing groups in the 4/ position® of 4-(2-
polymethyleniminoethoxy)-4/-substituted biphenyvls are
necessary for high activity, A number of biphenyls
meeting this requirement were synthesized and the
results outlined in Table V seem to support this cou-
cept.”  Placing strong electron-withdrawing groups in
the 4/ position of the biphenyl svstems being considered
Is a decisive faetor in obtaining high activity; however,
the exaet role of these groups is not established. Al-
though no physieal measurements are available, one
explanation for these changes in hypocholesteremic
activity may be found in the ability of various sub-
stituents to alter lipid-water partition coefficients.*

Compounds 36 and 37 were synthesized to study the
effect. of replacing a CFy group by a CHy or C(CHy)s
group. The poteney found in 35 and lost in 36 and 37
obviates any bulk requirements in the 4" position of
the compounds deseribed in Table V; however, these
resnlts do emphasize the need for a particular tvpe of
polarity in that position.

It should also be noted that activity was lost when
the 2-pyrrolidinylethoxy portion of 33 was replaced by 2
2-pyvrrolidinylethylamino residue (¢f. 15 and 33).*

The 4-trifluoromethylbiphenyl derivative (35)% hus
beert selected as the most promising compound de-
veloped in this program.  The ability of 35 to lower
serum steral levels significantly (ca. 209%) in rats at
doses betweenr 0.0001 and 0.00039, of the diet estab-
lished it as the most effective, nansteroidal, nouestro-
geuie hypacholesteremic agent reported to date. It

16) This assumpaon also renuires Lhat the Tunecional groups subsdouted
ia Lhe 4 posicion of the parenl comnpound, 4-(2-pyrrolidinyl- or 4- (2-piperidine-
elhioxy)biphenyt, do not undergo netabolic modifications Lefore reaching thae
sile of acdon.

(7} AL a dose level or 0,003 of the diet 1here is a rough correlation he-
¢ween the Hammett o constants ol the substituents in the 47 position ol
4-i2-polymethylenimingerhoxy)-4 '-substituted biphenyls and the activity
imparted Lo the biphenyl derivatives by these groups.

(8} For a more complete discussion relating physieal properties to biologi-
calactivilies see N, J. Dporenbos in " Medicinal Chemistry,” A. Burger, Ed.,
2ud ed, Interscience Publishiers, Ine., New York, N. Y., 1960, p 46.

() Similar isasteric effects are discussed in part 1 of this series: sco ref 2.

1103 The gencric name boxidine has been adopted for 88 (17, 3. Adopted
Nanes (ouneil}.

¢ yield is given for last step in syuthesis,
¢ Physical properties reported in Table IV.
ac

© Coponnd tested as a mouohydrachlo-
“ All componuds were analyzed for C, 1, N,
ealed, 6237 found, 6150, Coealed, S81.10; fonnd, S1.60,

activity has been demonstrated in mice, rats, dogs, and
monkeys. !

Experimental Section

The melting poiuls were deteriived in open, vapillary tnbes
nsing a llershberg apparatins: bath melting poiuts aud boiling
points are uneorrected.  Tufrired =pectra were weasured in
wineral oil wulls or KBr disks using a Perkin-Elmer spectro-
photometer tModel 21); mur spectra were obtaiued at 60 Me
nsing o Varian Associates A-60 instrimmenl with TAS as an
interual staudard, nud glpe analyses were made using aun I' & M
{Model 720) glpe apparatus.  Where analyses are indieated ouly
by symbols of the elements, analytical results obtaived for those
clements were within =£=0.4% of the theoretical values.

Geueral synthetic procedures for the preparation and isolation
of the compounds ineluded iu this paper are given in the following
section. Where necessary, speeific preparations are deseribed
and the aualyses, yields, and physieal data are recorded in the
tablex.

The {ollowing substituted bipheuyls were either connnereially
available or were prepared according to wethods previously
reported:  4-hydroxy-4"-nitrobipheuyl,'2  4-acetyl-4’-methoxy-
biphenyl,¥ 4-bromo-4’-hydroxybiphenyl,* 4-¢liloro-4’-hydroxy-
biphenyl,** p-phenyiphenol,'® p-phenylauisole, ¥ and 4-amino-
biphenyl.'®

Alkylation of 4-Hydroxybiphenyl Derivatives. Method A.--
The preparation of 2-(4'-nitro-4-biphenylyloxy jtriethylamine t4]
may be cousidered a general method. A solution consisting of
215 g (0.1 mwole) of 4-hydroxy-4’-uitrobipheuyl in dry DM
(200 ml) was treated with 4.3 g (0.1 wole) of Nall (54.7¢)
added portionwise.  After warming the reaction mixture at
653-08° far 20 wmin (or until a elear solittion resnlted), 13.5 g (0.1
prole) af 2-diethyluminoeihyl ehloride dissolved i DMF 75
) was added at once and 1he suspeusion was refluxed for 20 hr.
The reaction mixture was cooled aud filtered, and the clear
filtrate was couceutrated i vacuo Lo u semisolid residue. Twa
100-ml portions of 1.0 were used to triturate the erude prodnet
which was then dissolved (Cyll); the solution was decolorized

{11) For w4 comparison ol Lhe polency ol 88 with other effective serum
sterol lowering agents see 8, Goedon and W, P, Cekleniak, J. Merd. Chem..
11, 943 (1968).

(12) B. Jones and F. Chapmau, .J. Clem. Soc., 1829 (1932).

{13) (1. W. Gray, J. B. Hartley, and B. lomnes, ibid., 1412 (1955).

(14) 2. B. Hazlet, (i. Alliger, and R. Tiede, J. Amer. Chem. Soc., 61, 1447
(1030).

t15) . M. 5. Savoy and J. L. Abernetly, i, 64, 2710 (1042},

t16) Matheson Colemnan and Bell.

(17) Lastinan Organic Chemnicals,

1181 Abdrieh Chemical Co.. lue.
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(charcoal) and dried (Na,8S0.), and the C¢Hs was removed.
Compound 4 was isolated as a yellow, crystalline solid, yield
19.5 g (629%), mp 49-50°.

Compounds 4-10, 14, and 16-38 were prepared by this pro-
cedure. .

N,N-Dimethyl-2-(4’-nitro-4-biphenylyloxy )propylamine (18)
and N,N,1-Trimethyl-2-(4’-nitro-4-biphenylyloxy Jethylamine
(19),—Following the procedure described in method A 25.3 g
(0.1 mole) of the potassium salt of 4-hydroxy-4'-nitrobiphenyl
and 12.2 g (0.1 mole) of 2-dimethylaminopropyl chloride were
added to a toluene-n-AmOH (100:100 ml) solution, and the
resulting suspension was refluxed 40 hr. A crude, heavy oil
containing racemic isomers 18 aud 19 was isolated following the
work-up described above. The ratio of 18:19 was estimated to
be 52:48 based ou nmr spectral analyses; proton integration of
the peaks (CDCl;) at 227 (singlet CH,0) and 147 cps (singlet
CH,N) were used in this determination.

Separatiou of 18 and 19 was achieved by liquid-liquid partition
chromatography using an n-heptane-1,2-dimethoxyethaue sol-
vent system. A column was packed (600 g; acid-washed Celite
543, Johns-Manville, coated with 330 ml of stationary phase) aud
1.0 g of the isomeric mixture (18 and 19) was added to the top of
the packing before developmeut. The first peak (18) was eluted
at 3.0-3.5 hold-back volumes and the second peak (19) was
collected at 3.54.0 hold-back volumes; the eluate was scanned
at 233 mu. Concentration of the eluates afforded 75 mg (18),
a vellow oil, and 60 mg (19), a yellow, crystalline material, mp
62-64°,

Method B. 2-(4’-Bromo-4-biphenylyloxy )-N,N,2-trimethyl-
propylamine (13).—The following preparation may be considered
a general method. A mixture consisting of 4-bromo-4’-hydroxy-
biphenyl (12.8 g, 0.05 mole), 7.9 g (0.07 mole) of 2-dimethyl-2-
methyl-1-propanol, and 12.8 g (0.06 mole) of N,N’-dicyclohexyl-
carbodiimide was placed in a Pyrex tube (2.9 X 28 c¢m, 0.2-cm
wall thickness) which was flushed with Ar before sealing the open
end. The reaction mixture, initially a clear solution at 50-55°,
was converted to a semicrystalline mass after heating (95-98°)
for 40 hr. The reaction mass in the tube was triturated with two
100-ml portious of Et,0! which was conceutrated to a heavy,
oily residue; the insoluble N,N’-dicyclohexylurea (DCU) was
air dried and yielded 6.9 g (61¢7).2 Concentration of the Et,O
extracts afforded 3.2 g (47%) of an isomeric mixture.?! A pure
sample of 13 (mp 77-79°) was deposited from a concentrated
solution (petroleum ether, bp 30-60°) of the isomeric mixture.

N,N,2-Trimethyl-2-(4’-nitro-4-biphenylyloxy )propylamine (20).
—A solution consisting of 12.7 g (0.05 mole) of the potassio
derivative of 4-hydroxy-4’-nitrobiphenyl and 6.8 g (0.05 mole)
of 2-dimethylamino-2-methylpropyl chloride in CH;OH (200 ml)
and H,0 (200 ml) was refluxed for 40 hr. After cooling, the re-
action mixture was filtered and the clear filtrate was concentrated
to a semisolid isomeric mixture. The ratio of 20 to its isomer,
2-(4'-nitro-4-biphenylyloxy)- N,N,1,1-tetramethylethylamiue,
was ca. 9:1 (nmr spectral analysis). A solution of the crude
mixture was taken up in Et,0, decolorized (charcoal), dried
(Nay30y), and treated with an excess of dry HCI. Precipitation
of the HCI salt was immediate and the yellow, crystalline solid
was collected and dissolved in H;O (50 ml). The free base, re-
leased from the acidic solution using an excess of 1 vV NaOH,
was collected by filtration and recrystallized (Et:O-petroleum
ether); 2.4 g (149 ), mp 74-75° (the structure of 20 was confirmed
by its nmir). None of the isomers of 20 could be obtained pure
from the mother liquor.

1,1’-14,4'-Biphenylylenebis(oxyethylene)]dipiperidine (27).—
Following the procedure outlined in method A 23.2 g of the
disodio derivative of p-(p-hydroxyphenyl)phenol?” and 15.0 g
(0.1 mole) of 2-piperidinoethyl chloride were refluxed in DMF
(80 ml) for 60 hr. After cooling, the reaction mixture was filtered
and worked up as previously deseribed. The desired product
(27) was recrystallized (heptane) and air dried; 8.2 g (40%),
mp 105-106°.

Demethylation of 4-Methoxy-4'-substituted Biphenyls.
Method C.—This procedure is exemplified in the preparation of
(19} DCU is insoluble in the common organic solvents; mp 230-231°.
(20) Recovered DCU may be considered a measure of the extent of reac-
tion. When reaction is incomplete, the unreacted carbodiimide can be con-
verted to the urea (erivative hy adding a caleulated amount of oxalic acid

to the ethereal extract; see F. L. Bach, J. Org. Chem., 30, 1300 (1965).

(21} Ninr spectral analysis indicated a 93:7 distribution of isomers. A
detailed discussion of the mechanism involved in this reaction has been
published.?»

NONSTEROIDAL HYPOCHOLESTEREMICS, 11 991

4-acetyl-4’-hydroxybiphenyl. A solution consisting of 15.9 g
(0.07 mole) of 4-acetyl-4’-methoxybiphenyl!® in glacial AcOH
(627 ml) and 489, HBr (127 ml) was refluxed under N; for ca.
17 hr. After cooling, the acidic reaction mixture was poured
into H,O (1.5 1.) and the pink solid which separated was collected
and air dried; 14.0 g (949%). Recrystallization (-PrOH)
afforded the desired intermediate, mp 211-212°.

Biphenyl Synthesis. Mixed Ullmann. 1-{2-[4'-(Trifluoro-
methyl)-4-biphenylyloxy]ethyl}pyrrolidine (35).—A suspension
consisting of 89.8 g (0.33 mole) of p-iodobenzotrifluoride,?? 152.5
g (0.65 mole) of p-iodoanisole, and 322.7 g of Cu powder® in
DMF (175 ml) was heated (225-230°) with stirring in a resin
pot for ca. 5 days. After cooling, the solid reaction mass was pul-
verized and continuously extracted (heptane) for 2 days. Evapo-
ration of the solvent left a dark brown residue {(ca. 50 g) which was
dissolved (heptane, 200 ml), decolorized (charcoal), and conceu-
trated to 100 ml. On standing ca. 20 g of impure 4,4’-dimethoxy-
biphenyl was deposited as colorless crystals. Fractional crystal-
lization was continued until the crops of crystalline material were
free of impurities by tle (80:20 heptane-EtOAc). Pure 4-
methoxy-4’-trifluoromethylbiphenyl was isolated as colorless
granules, 21.6 g (269;), mp 124-126°. Anal. (CiH,F;0)
C, H, F.

A solution cousisting of 21.6 g (0.09 mole) of 4-methoxy-4'-
trifluoromethylbiphenyl dissolved in glacial AcOH and HBr
(489%) was refluxed for approximately 24 hr. The procedure
and work-up described in method C was used to isolate 18.0 g
(839%) of the crude product which was taken up in Et;0 (100 ml),
decolorized (charcoal), filtered, and concentrated to one-third
the original volume. The material which separated from the
Et;0 solution (mp 147-148°) was pure enough for the uext
synthetic step (structure verified by nmr).

Following alkylation method A, 13.6 g (0.06 mole) of the sodio
derivative of 4-hydroxy-4'-trifluoromethylbiphenyl was allowed
to react with 8.0 g (0.06 mole) of 2-pyrrolidinylethyl chloride
in refluxing DMF (100 ml) for 18 hr. The resulting suspension
was cooled, filtered, and worked up as described in method A.
Several fractional crystallizations from acetone afforded 9.8 g
(499%) of pure 35, mp 109-110°.

Grignard Route.—p-Bromobenzotrifluoride?? (157 g, 0.7 mole)
and ca. 1.0 g of Mel dissolved in dry Et:0 (200 ml) was added
to 19 g (0.8 g-atom) of Mg suspended in Et»O (20 ml) under the
wsual conditions.?* Addition of the aromatic halide was regulated
to maintain a gentle reflux and refluxing was continued an addi-
tional 1 hr after addition was complete. 4-Methoxycyclohexa-
noue? (64 g, 0.5 mole) dissolved in 75 mi of dry Et;O was added
to the freshly formed Griguard reageut with vigorous stirring
and, after addition of the ketone was complete, the reaction
mixture was refluxed with stirring for approximately 1 hr. De-
composition of the Grignard reageut-ketoue addition product
was achieved by adding excess cold, aqueous NH,Cl (53 g in
11 of H,0), and the crude product was removed using two 100-ml
portions of Et;O. The combined extracts were decolorized
(charcoal), filtered, and dried (Na,SO,). Removal of the Et,0O
left a brown, oily residue which was distilled in vacuo affording
51.3 g (38%) of 1-(p-trifluoromethylphenyl)-4-methoxycyclo-
hexanol, bp 121-122° (0.4-0.5 mm), mp 53-34°. Anal. (CiH;:-
F0;) C, H, F.

The 4-methoxycyclohexanol derivative (27 g, 0.1 mole),
purified as described above, was added to a vigorously stirred
concentrated HySOs—glacial AcOH (10:40 ml) solution. When a
clear solution resulted (ca. 2 min), the reaction mixture was
poured all at once into a previously cooled (5-10°) mixture of H,O
(300 ml) covered with Et,O (300 ml). The Et,0 layer was sepa-
rated, dried (Na,80;), and conceutrated to a brown, oily residue.
Fractionation of the crude oil yielded 18.3 g (719) of 1-(p-tri-
fluoromethylphenyl)-4-methoxycyclohexene, bp 104-105° (0.3-
0.4 mm), n%p 1.5045 (av). Anal. (CHisF;0,) C, H, F.

Dehydrogenation of the purified 4-methoxycyclohexene deriva-
tive, obtained as described above, was accomplished using a
modification of the method described by Ainsworth.?® A suspeu-

(22) Columbia Organic Chemicals Co., Inc.

(23) Natural copper fine (44-F), United States Bronze Powders, Inc.

(24) See, for example, M. 8. Kharasch and O. Reinmuth, "*Grignard Re-
actions of Nonmetallic Substances,”" Prentice-Hall, Inc., New York, N. Y.,
1954, p 28.

(25) D. Papa, F. J. Villani, and H. F. Ginsberg, J. Am. Chem. Soc., 76,
4446 (1954).

(26) C. Ainsworth, tbid., 79, 5242 (1957).
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sionn consisting of -(p-triflnoromethylpheuyl -4-methoxyeyelo-
hexene (300 g, 1.95 moles), 166 g of Pd-C (104), nnd nitrobeu-
zene was refluxed for 22 hr.  Aliquots of the reaetion mixture
taken periodically and aunalyzed by tle (heptaue-1StOAc (411
salvent system) indicated that aromatization was couplele after
thix periad of time.  Hemoval of the nitrobenzene nnder redneed
pressure lefl 442 g (80.900) af the ernde biphenyl derivative,
Twa  reerystallizations  (petrolemu  ether) produeed material
identieal with that obtained from the “‘mixed Ullmaun ' pracedure
deseribed above.

1-]2-(4’-/-Butyl-4-biphenylyloxy )ethyl|pyrrolidine (37). 1'his
+4-disubstituted biphenyl svnthesis is o modification of the
Crignard route deseribed previously. A solution of 4-f-but vleyelo-
hexanone® (46.3 g, 0.3 wole) i anhyvdrous 6.0 (150 ml) was
added dropwise (30 miun) to a stirred, ethereal solution of the
Crignard reageut formed by addition of p-bromoanisale (61.7 g,
(.33 piole) to w suspensian of Mg turnings (R0 g, 033 g-atom 1 in
It (200 ml)l. Next, the reaction mixture was added to a stirred.
enoled (U-5°2) shurry consisting of N1LCH (5360 ¢), 11 ¢125 ml),
and dee (125 g). After 30 min, stivring was diseantinne:d aud the
1260 Inver was separated and filtered.  The clear filirate was
decatorized (charcoal), dried (NasSth), and concentrated ta a
seutsnlid residie; the residunal materiat was takeu up in Iit.0 aml
fractionally ervstallized.  The first foar crops were eombinel
alter tle (heptane-1stOAe, $:1) showed the absence of starting
material; 745 930 L The crade  4--buivl-i-(p-ierhaxy-
phenybevelohexanal obtained in this ninner wias nsed in the next
step without further purifieation.

Deliyvdration of the d-disubstitnted eyelohexanol was carried
oul ax deseribed previonsly i the syuthesis of 835, A vield of 15
v (600 ) of  4--butvl-1-(p-uethoxy phenylevelbhexene  was
obtained from 26.2 g (0.1 mole 1of the tertiary aleolol,  The ernde
delhiydration produet melted at 77-78° aud was uxed in the nexi
step withant further purifiention.  ITr absorption bands were as
expocted.

A solntion cousisting of 17,1 g (0.07 mole)y of 4=t-butyl-t-(p-
wethoxyphenyleyelohexeue and 34.4 g .14 mole) of chloranil
i 150 ml of xvlene was refluxed for ea. 100 hr.  After cooling,
petrolemn ether (150 wl) was added to the reaction mixture aud
precipiiated tetrachloroliydmguinaie was removed by filtration,
The clear filtrate was washed sneecessively with agqueons KOl
4 ¢ in 96 ml of H.0) aud two 150-ml partious of H.O), dried
(Mg=R0)y), decolorized teharcoal), and cobcentrated to a solid
residie, 10 g (96 Reerysiallization fram a MeOll-lt.t)
solution afforded pure 4-t-butyl-4"-methoxyvbiphenyl, 15 ¢ (84 ),
wp 140-142° Anal. (CillpO) C, T1

Demethylation (anethod C) of the 4-methoxybiphenyl deriva-
tive (14.9 g, 0.06 pwle) frnished an excellent vield of 4-t-butyl-t-
livdroxybiphenyt, 305 g (OR07 1, wmp 152 153°0 Jdna/. 1CRITL0T
¢, 11

Following alkviation methad A, 1t g (0.04 mole) 1t the sodio
derivative of 4-t-butyvl-4’-hydraxybiphenyl was allowed to react
with 3.4 g (0.4 mole) of 2-pyrrolidinyiethyl ¢hloride iu refluxing
DAE (15 ml).  The general work-up deseribed previously
atforded 8.7 g (6840 ) of ernde material. A pure sample of 37 was
woliated from an FteO-petrolemn ether solution; mp 69-70°.

4'-(2'-Diethylaminoethoxy )-a-ethynyl-«-methyl-4-biphenyl-
methanol (7)1 (0.3 g, 0.4 g-atam) was dissalved n liguid
Nl tH0 ml) at —70° and then treated with an excess of au-
hvdrons acetylene.  The amumouiacal suspeusion o lithimun
acetvlide was placed in a steel bowb enoled 1a — 70° and treated
with 9 (4.94 g, 0.02 mole). The sealed bowlb was then warmed
10 25-30° and shaken for 18l After reeoaliug the bowb to
—70°, the systeun was opened and the exeess N1 was evaporated
in a streant of dry N The residue was then converted ta an
aquieans siispensian by adding NHCL (2.4 g) dissolved m T1L,O
(5t wl) and the suspension was extracted asiug two 30-wl por-
tious of 15t.0. A erude product was isolated by washing the
comtbined Fts©) extracts with two 1Otleml portions of thl N
R0, and ueniralizing the aeidic waslies with an exeess of
PN NabI to yield 3.1 g0 A pure saple of (7) was obtaiued
{ram an 0 solution:; 1.9 g (36¢,), wmp L16-117°,

4'( p-2-Piperidinoethoxyphenyl jacetophenone Oxime (38).-- A
wixture of 3.2 g (0.0F mole) of 29 and 1.0 g (0.01 mole} of hiy-
draxylannue 1TCH was dissolved in IStOTT (150 mit) and treated
with an agueons soluiion of KO (1.0 g in I1ttml of H,0). After
# d-lr reflux period, the suspension wis filtered and cocled, mad
the precipitate whiceh formed an standing was colected and trit-
arated witll two 30—t portions of Hht), Campound 38 was air
dried, 3.0-g vield (9770, wmp 206- 208%,

Val, 11

1-2-(4’'-Amino-4-biphenylyloxy )ethyl|pyrrolidine (28). A si-
Intion of 6.8 g (0.03 wole) of SuCly-21T.0 nud 6.7 g (0.02 mole:
of 28 in IUtOI (700 ml} was saturated with dey 11CY gas and
stirred a1l roomn temperature for oo 2 e The vrvstidiine nne
teriad depasited wdter tlds time wias cotberted, dissolved moa
wininam volime of 11,0, and made basie with au exeess of 1.0
N NaOH. The ernde product eallected hy filtration aind ceied
{Pa,Y for 10l welghed 5.2 g (88,1 A pure =muple of 28 was
wsatated Trom Cella: mp 1022 1tEs°.

p-1 p-|2-11-Pyrrolidiny!)ethoxy |phenyl iphenol (30). V'l di-
azoninn salt of 28 (preparerd fram 5.8 g (0412 maled of 28 and
200 g 108 maled bt NaNOy) was dissolved i 200 wl of L] .\
180 and rradiated o a 400-ml Vykor vessel with an Hanovia
1uility Model Lap N sDO20 far 4 days at 25-30° The yvellow,
granukir materiab which sepavated from the dark brwn acidie
solution was colleeted, dissclved 1 excess 11t N NaOll, filtered,
decolarized (rlisroat), qand released from solinton nsing i exeess
af solid CO. A pure smuple of 30 was solated from o Cetly
salutivig; 201 g At oo ng 1H4-135°.

47« 2’-Piperidinoethoxy )-4-biphenylcarbonitrile (34). -["ollhw-
ing the procedire of Priedmap aod Shechter? o suspension
ensisting of 749 g 10t} molel al 4-bramo-4’-hydraxybiphenyi
aid 3,23 g 1004 e of CifCN ) in DMEF 25 ml 1 was refluxed
6 he and then treated with au agaecous solution of ethylenediamine
2.7 g in 20 wl of H,o4 The suspeusion was filtered and the
clear, dark bhie filtrnte was extracted with three -l portions
al Cally. The cambined extracts were washed with two Sti-ml
portions of aqueas NaCN (10 wi 70y and the Cebly Taver was
separated, dried (NS00, and coucentrated to the rrude pradact,
3.0 2 647 0 Rarrvstallization OMeCO-petvateam etherlof the
crnde materisd atlforded o pure sawmple af d-cvino-4-hyvdroxy-
biphenyl, mp 196199 Awa/ 1CRILNO ¢ 11, N

Coawmpanud 34 was ahtained by alkylating 4-cyano-4 -hyvdroxy-
bipheuyl using mwethod A described above,

(arbonation of Biphenyl Grignards. Method D. -The prep-
aration of 474 2-diethylaminoer hoxy -4-biplhienylearbaxylic acid
(8) mxy be ecusidered a general method. Mg turnings (1) .
002 g-atam i were wekded To e sclation eansisting of 7.6 g (1.02
mole) of 10, a trare of Ly, anhvdrons It.U (20 wl), aud THIY
CHrml) aud retinxed for ea. 22 T the resulting dark brown snspeu-
sion was poured on ernshed, solid COu After hydmlyzing the
reaction wixtire witle LN TTCTI00 ml L, the acidic, agueons sali-
tion wis extracted witlh two T0D-ml portians of Ete€).  Coneentra-
tion of the acidie <ohition to ape-tlird the ariginat volue and
nentralizing with 1.0\ NaOIl solution aftorded a fine, erystalline
prodiet which was collected by filtradion mud dissotverl in MeOTl
75 miy The werhanolie solntion wis saturared with dry HCI
e ecoled to @ 10° wlherenpon 3.5 2 (454, ) of 8 precipitated, mp
261-202°,

Following the procedure cutined 1 method D othe Crignant
reagent prepared Trovn thy g (0002 g=atom) of Mg tarnings and
540 g (0O17 malel of 33 was poured on ernshed, salid CO..
Following the work-up described ip method D 3.9 g 37 of the
manohydrochloride of 47-[2-(1-pyrrolidingDethoxy =-biphenyi-
carboxylie acid 31) wis ixobated ax a erystalline solid, mp 266
2717,

1.} 2-[4"'=(Methylsulfonyl)-4-biphenylyloxy|ethyl | pyrrolidine
(321.~4-Acetumida-4'-clilarosulfonyibiphenyl? (6.9 g, 0.02 wole)
wis added to an aquents salution of NaaSO; (10 g in 200 ml of
1.0 and the snspension wax stivred at roow Lemperainre {or
20 hr; the pll of the suspension wis waiutained above 7 by adding
partivns of 30'7 agieous NaOll s requirved. Dissolutiun of
sacin 4+ p-ncetamidophenyl)phenyl sulfinate wis accomplished
hy adding an additiomat amomut of 110 (800 ml) and the clear
solntion resulting wie actdified with exeess coneentrated 1180,
The intermediate biphenylyt snltinie acid derivative was rollecred
by fltrativn, aiv dried, and ased without further puritication.
Absorption bauds of i specira were as expected.

A suspension consisting of 3.5 g (0,02 mole) of 4-(p-aeetatoidn-
phenyl)plienylsultinic acid in 100 mb of H.O was adjnsted to pll
s-0 by adding a <ntlicient amount of KCOy aud then refluxed
with 4.3 g (0.03 woled of CILI for 64 hr. The snspension wis
filtered and the insoluble nuteriat was combiued with the residite
obtained by concentrating the wqueons filtrate.  Trituration of
the c¢rude pradict nsing vwo St-ml portions of hot HaO atforded
4.5 g of the desived 4-wethvlsubfonyibiphenyl derivative, A

2700 Lo Friean aad L Steclsoee, L vy Chon,, 26, 2522 (10D L,
128) Prepared by vhie raethion €T g Moorers o AL Bianealli, aned AL
vl dme Chesn, Soe., 88, 316 4 14610,
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pure sample of 4-acetamido-4’-methylsulfonylbiphenyl, re-
crystallized from glacial AcOH, melted at 267-268°. Anal.
(CisHisNOsS) C, H, N, S.

The 4-acetamido group of the biphenyl derivative described
above was hydrolyzed by refluxing 1.89 g (0.01 mole) of 4-acet-
amido-4'-methylsulfonylbipheuyl in 209 HCI (100 mil) for ca.
20 hr. The reaction mixture was then filtered hot and the clear
filtrate was made strongly basic with 10 ¥ NaOH solution. The
crude, hydrolysis product was collected by filtration and re-
crystallized (MeOH); 1.4 g (829%), mp 203-205°. Anal. (CisHys~
NO.S) C, H, N, S.

Diazotization of the hydrolysis product was accomplished by
adding an aqueous solution of NaNO; (1.6 g in 4 ml of H.0)
dropwise (20 miun) to a vigorously stirred, cooled (0-3°) suspen-
slon of 4-amino-4’-methylsulfouylbiphenyl (2.3 g, 0.01 mole)
in glacial AcOH (15 ml) and concentrated HsSO4 (15 ml). When
diazotization was complete, the excess HNO, was decomposed by
the cautious addition (30 min) of urea at 0-3°. The cold solution
of the diazonium sulfate was then added slowly (20 min) to a
refluxing H.SO, solution (40 wt 9;) and, after addition was
complete, the reation mixture was allowed to reflux an additional
15 miun. Dilution of the acidic solution with H,O afforded a
crude solid which was collected by filtration, dissolved in 1 N
NaOH (20 ml) and refiltered. Acidification of the clear filtrate
using an excess of 1 .V HySO, furnished a precipitate which was
washed with two 75-ml portions of H,O and then air dried.
The yield of crude 4-hydroxy-4’-methylsulfonylbiphenyl ob-
tained following the procedures outlined above melted at 189-
190°; 1.7 g (75%). The ir absorption bands were as expected
and the intermediate was used in the final step without further
purification.

Following method A, 1.9 g (0.01 mole) of the sodio derivative
of 4-hydroxy-4’-methylsulfouylbiphenyl was allowed to react
with 1.3 g (0.01 mole) of 2-pyrrolidinylethyl chloride in refluxing
DMF. After a 60-hr reflux period, the reaction mixture was
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cooled, filtered, and concentrated to a semisolid residue. Tritura-
tion of the crude yield with two 50-ml portions of H;O yielded
an insoluble product which was taken up in C¢He (75 ml). The
CsH, solution was decolorized (charcoal), dried (Na,SOy), and
then treated with excess HCI gas. The HCI salt which precipi-
tated was dissolved in H,O (100 ml), decolorized (charcoal),
and filtered, and the clear, acidic filtrate was made basic (excess
1.0 N NaOH). The desired product (32) which separated from
the basic solution was collected aud recrystallized (C¢Hy), 1.0 g
(419,), mp 153-154°,

1-{ 2-[p-(p-Bromophenyl)anilino]ethyl | pyrrolidine (15).—To a
suspension consisting of 6.2 g (0.025 mole) of the lithio deriva-
tive of 4-amino-4’-bromobiphenyl in dry toluene (100 ml) was
added 3.4 g (0.025 mole) of 2-pyrrolidinylethyl chloride and the
reaction mixture was refluxed 22 hr. The LiCl was removed by
filtration and the clear filtrate was concentrated to a semisolid
residue which was dissolved in an Et,O (30 ml) and C¢H; (50
ml) solution. The solution was then treated with an excess of
dry HCI gas and the crude precipitated HCI salt was collected
and dissolved in a minimum amount of H.O. A gray-white
solid separated from the acid solution after addition of an excess
of aqueous KOH solution (10 ). The solid isolated in this
manner was recrystallized once (heptane); 3.8 g (44%), mp
141-142°.
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The oral hypocholesteremic compound, 1-{2-[4’-(trifluoromethyl)-4-biphenylyloxy]ethyl }pyrrolidine (boxi-

dine),! was studied in rats, mice, monkeys, and dogs and found to be active in all species.

In the rat, the species

studied most intensively, it was active at a dose of 0.0003%, in the diet, equivalent to the ingestion of approxi-

mately 0.3 mg/kg of body weight.

Triglycerides and phospholipids were reduced as well.

Boxidine was ten

times as active as trans-1,4-bis(2-chlorobenzylaminomethyl)cyclohexane dihydrochloride,? 1000 times as active

as clofibrate,? and 50 times as active as triparanol.*

It inhibited the biosynthesis of cholesterol at the 7-dehydro-

cholesterol stage but its primary mechanism of action may be the inhibition of sterol absorption.

Sustained interest in hypocholesteremic agents has
resulted in a plethora of reports on compounds which
lower blood cholesterol level by inhibiting its synthesis
at various stages in the biosynthetic pathway. Most
of these compounds exert their inhibitory action at the
desmosterol stage,*=% whereas frans-1,4-bis(2-chloro-
benzylaminomethyl)cyclohexane dihvdrochloride inhib-
its at T7-dehydrocholesterol.” In the course of our

(1) The name of this compound was approved by the U. 8. Adopted
Names Council; J. Am. Med. Assoc., 203, 143 (1968).

(2) AY9944, Ayerst Research Laboratories, Montreal, Canada.

(3) Atromid-S®, ethyl a-(p-chlorophenoxy)isobutyrate, Ayerst Research
Laboratories, Montreal, Canada.

(4) T. R. Blohm and R. D, MacKenzie, Arch. Biochem. Biophys., 85, 245
(1959).

(3) E. W. Cantrall, R. Littel, 8. M, Stolar, W. P. Cekleniak, H. J. Albers,
8. Gordon, and S. Bernstein, Steroids. 1, 173 (1963).

(6) R. E. Cousell, P. D, Klimstra, and R. E. Ranney, J. Med. Pharm.
Chem., 5, 720 (1962),

search for means of lowering serum and tissue cho-
lesterol, a class of compounds was discovered whose
hyposterolemic activity may be due indirectly to the
formation of 7-dehydrocholesterol and directly to the
inhibition of sterol absorption. A preliminary study of
these compounds has been reported® and the details of
synthesis have been described.®

We wish to report on some biological studies done on a
representative member of this class, 1-{2-[4'-(tri-
fluoromethyl)-4-biphenylyloxyJethyl} pyrrolidine (box-
idine, 35) in the series described by Bach, et al.®

(7) D. Dvornik, M. Kraml, J. Dubue, M. Givner, and R. Gaudry. J. 4m.
Chem. Soc., 88, 3309 (1963).

(8) F. L. Bach, J. C. Barclay, F. Kende, and E. Cohen, 1515t National
Meeting of American Chemical Society. Pittsburgh, Pa., March 1966,
Abstracts. p 18P Chim. Therap.. 2, 178 (1967).

(9) F. L. Bach, J. C. Barclay, F. Kende, and E. Cohen, J. Med. Chem.,
11, 987 (1968).



