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Substituted cycloalkane carboxvlic acids, (CH?)”C<(E{()()H (R = 4-biphenylyl or 2-fluorenyl), having an ali-
~—

evelie sytem ranging from cyclopropane to cyclohexane were synthesized.

The synthetic methads emplayved were

() condensatien of the corresponding aryl acetonitrile with the appropriate «,o-dibromide of the hydrocarbon
and (b) quasi-Favorskil rearrangenient of the correspanding aralkyl broma ketone under strongly basie conditions.
When 4-biphenylyl-1-bramocyelopentyl ketone (VIIa) was treated under quasi-Favorskil conditions, an “ali-
normal’ product was obtained. The structure of this compound was assigned based an its spectral properties

and confirmed by unequivocal synthesis.

While same of the substituted carboxylic acids inhibited chaolestera-

genesis from mevalonate in rat liver hamaogenates, none exhibited any antihvpercholesteralemie effect in nephro-

tie rats.

The first observation that phenylacetic acid deriva-
tives might be useful as cholesterol lowering agents was
made by Cottet, ef al.* They clanhued that a-phenyl-
butyric acid (Ia) was clinically cffective in the treat-
ment of hypercholesterolemia. These results were not
confirmed by other workers.*?  Steinberg and his collab-
orators®” and Garattini, ef «l.,* have shown that the
compound exerts its inhibitory effect at the acetate
activation stage. Dossible interference with fatty acid
metabolism coupled with the weak antihypercholestero-
lemie activity render this agent of doubtful therapeutic
value.

A definite advance in the direction of producing
potent and more selective hypocholesterolemic agents
was revealed by the following findings. When the
a-phenyl group was replaced by a 4-biphenylv] moiety,
the compounds produced were more active and caused
appreciable inhibition in the cholesterol biosyuthetic
pathway at some post-mevalonate step.®!® 2-(4-Bi-
phenylyl)-4-hexenoic acid!!(Ib) is a highly active mem-
ber of this class and has been showu to be active in vivo
as an antagonist to the first phase of Triton-induced
hypercholesterolemia in the rat'? as well as an antagonist
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Ia, R = phenyl; R’ = ethyvl
l;, R = 4-biphenylyl; R’ =
CH,CH=CHCH;

I1, R = 4-biphenylyl ar
2-fluorenyl

(1) Part V of a series entitled ""Agents Affecting Lipid Metabolist,”” For
part 1V ¢f. 1), Dvornik, M. Kraml. J. Dunbne, M. Givner, and R. Gaudry.
J. Am, Chem. Soc., 88, 3309 (1963).

2y Anthor to whom inquiries shonld he addressed:
Claonistry, University of Ottawa, Ottawa, Canada.

(5) J. Cottet, A. Mathivat, and J. Redel, ’resse Med.. 62, 930 (1954).

4) 1L = Predrickson wnd 7). Steinbers, Circulation, 18, 391 (14057).

(3) I*. Grande. J. 1. Anderson, and A. Keys, Metah. Clin. Ezxptl., 6, 174
(1607).

(68) D. Steinberg and D). 8. Fredrickson, [7cor. Soc. Exptl. Biol. Med., 90,
232 (1454).

(7) R. Masters and D. Steinberg, Biociim. Biophys, Acta. 1T, 592 (1958).

(8) 8. Garattini, C. Morpurgo, B. Alnrelli, R, Paoletti. and N. Passerini.
Arch. Intern. Pharmacodyn.. 109, 400 (1937).

(1) P. A. Tavormina and M. Gibbs, J. An. Chem. Soc.. 79, 758 (1957).

110) T, D. Wright, Proc. Soc. Exptl. Biol. Med., 98, 364 (1957).

(115 G. Cavalliny, 2. Massarani. 1. Nurdi, L. Mauri, F. Barzagli, an'l
. Mantegazza, J. Aunt. Chem. Soc. 81, 154 11939).

Departiment of

to dietary hypercholesterolemia i dogs.'* Results in
the clinic with 2-(4-biphenylyl)-4-hexenoic acid (Ib)
have been variable. 41

In an attewpt to obtain compounds having specific
hypocholestercleniic activity inhibiting the biosyuthesis
at a post-mevalonate stage, substituted carboxylic
acids and carboxylie acid derivatives of the type IT (R
= 4-biphenylyl or 2-fluorenyl) were synthesized. These
compounds were prepared by the two general methods
shown in Chart 1.
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n =i
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1-(4-Biphenylyl)-1-cyanocyclopropane (IIla), -cy-
clobutane (IIIb), and -cyclopentane (IIIe) were pre-
pared!® by the treatimment of ethylene dibromide, 1,3-
dibromopropane, and 1,4-dibromobutane, respectively,
with the disodium salt of p-phenylbenzyl cyanide
anion.’” Hydrolysis of the resulting nitriles gave the
corresponding carboxylic acids (IVa-c¢). The hydrol-
ysis of I11c also gave amide IVd in addition to the acid
IVe.

An alternative route to the desired carboxylic acids
involved the corresponding aralkyl ketones (VIa—c).
These ketones were obtained by Friedel-Crafts reaction
of the acid chlorides of the appropriate alicyelic car-
boxylic aecids with the aromatic hydrocarbons. The
bromo derivatives of these ketones underwent quasi-
Favorskii®® rearrangenient on treatiment with powdered
sodium hydroxide in boiling xylene. In the case of
4-biphenylyl-1-bromocyclohexyl ketone (VIIb) the
desired 1-(4-biphenylyl)cyclohexanecarboxylic acid?!®
(VIIIa, 349,) was obtained with the concomitant forma-
tion of a large amount (439%;) of 4-biphenylyl-1-hy-
droxycyclohexyl ketone'® (IXa). The bromo ketone
(VIIc) having a 2-fluorenyl substituent gave a poorer
vield of the corresponding carboxylic acid (VIIIb) in
the quasi-F'avorskif reaction. Here again a substantial
amount of hydroxy ketone (IXb) was isolated.

When 4-biphenylyl-1-bromocyclopentyl ketone
(VIIa) was treated under quasi-F'avorskil conditions!
none of the expected 1-(4-biphenylyl)cyclopentane-
carboxylic acid could be isolated. Instead, a compound
was obtained in 549, yield which absorbed at 286 mgy
(e 20,600) in ultraviolet light (expected absorption
would be at 256 1) and exhibited bands at 1680, 1700
(C=0 absorption) and in the region 3500-2500 (COOH)
en1. ! in its infrared spectrum. Based on the spectral
and analytical data this product was identified as 6-
ox0-6-(4-biphenylyYhexanoie acid (Xb),

This structural assignment was confirmed by an
unequivocal syuthesis of Xb, When 3-carbomethoxy-
valeryl chloride was treated with biphenyl in the
presence of aluminum chloride, the keto ester Xa was
isolated. Hydrolysis of this substance gave an acid
which was identical in all respects with the keto acid
Xb obtained fromi the reaction of 4-biphenylyl-1-bronio-
cyclopentyl ketone (VIIa) under conditions!® for quasi-
Favorskil rearrangenient.

ceHscsHsﬂc—o‘—C;‘f;f"ﬂ» o-CsH,CeH,CO(CHs)COOR
_~  Xa R=CH,
b R-H
o
Br
VIla

The mode of formation of acid Xb is worthy of comn-
ment. One possible pathway to this product is de-
picted below. It appears that the rate of quasi-
Favorskil rearrangement in the cyclopentyl series must
be much slower relative to that in the case of the cyclo-

(16) F. H. Case, J. Am. Chem. Soc., 86, 715 (1934).

(17) (a) R. Lesser, Chem. Abstr., 82, 4798 (1938); German Patent 658,
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hexyl compound, to allow the formation of comnpound
Xb 11 over 509, yield. It is probable that these rate
differences result from the inherent stereocheniical dif-
ferences between the five- and six-membered ring sys-
tems,

Biological Methods. A. Cholesterol Biosynthesis Inhibition.
—The ability of the test compounds to inhibit the incorporation
of mevalonate-2-C'¢ into cholesterol by rat liver homogenates was
estimated as previously described.?

B. Antihypercholesterolemic Effect.—This effect was meas-
ured in rats that had been made hypercholesterolemic by inducing
nephrosis »ia daily administration of the aminonucleoside of
puromycin?! (17.5 mg./kg. s.c.) for 8 days. Test compounds
were administered daily (s.c.) from day 3 to 12 and their ability
to prevent the rise in serum cholesterol was taken as a measure
of their antihypercholesterolemic effect. Serum cholesterol levels
were measured using the method of Pearson, et al.22

Results and Discussion

The results of in vitro inhibition are presented in
Table I. 2-(4-Biphenylyl)-4-hexenoic acid (Ib), our
reference compound, inhibited cholesterol biosynthesis
919% at 1 X 102}/ final but was inactive at 1 X 10—*
M. In our series of compounds only three (Xb,
VIIIa, and VIIIc) were as potent as Ib, inhibiting 86,
94, and 989, respectively, at 1 X 103}/ final. At
0.5 X 10~*M final, VIIIc was devoid of activity.

Taswr I

ErreEcT ON INCORPORATION OF MEVALONATE-2-C!4 INTO
CHOLESTEROL BY RaT L1ivER HOMOGENATES

(CHs, CRCOR'
%% inhibition
atl X 10-% A,
No. R R’ n final

IVa 4-Biphenylyl OH 2 21
1Vb 4-Biphenylyl OH 3 7
Ve 4-Biphenylyl OH 4 0
1Vd 4-Biphenylyl NH: 4 0
V1Ila 4-Biphenylyl OH 5 94
VIlle 4-Biphenylyl OCHCH:N(CoHj): 5 98 (0 at 0.5 X 10—+ M)
VI1lb  2-Fluorenyl OH 5 0

Miscellaneous Compounds
Xb p-CeHsCsHsCO(CH2)4COOH 86
Xa 2-CeHsCeHsCO(CH2)sCOOCHa 32
Ib p-CeHsCeHiCHCHCH=CHCH; 91 (0 at 1.0 X 10~+ M)

COOH

Compound VIIIa, being among the most active in
the series in vitro and being available in sufficiently
large amounts, was tested as an antihypercholestero-
lemic agent in rats rendered nephrotic and hyper-

(20) L. G. Humber, M. Kraml. and J, Dubuc., Biochkem. Pharmacol., 11,
755 (1962).

(21) C. Chappel and K. Voith, private communication.

(22) S. Pearson, S. Stern. and T. H. McGavack, Anal. Chem., 28, 813
(1953).
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Componed (R = t-biphenylyl; I e
8]
I CHyCHCHCH,CHRCOOH 40 mg. /kyg.
(OOH 20 mg. kg,
Vil

X !
R 20 mg. kg

« Rats were mude nephrotie by daily soes administration of 175 mg./kg, of the mminonueleoside of puromyein for 8 days,

riats were used noench test gronp. ' Standard ervor,
cholesterolemic in the mammer deseribed above. 2-
(4-Biphenylyl)-4-hexcnoic acid was the refercuce com-
pound and the results are presented in Table IT.  As
can be seen, the control animals are markedly hyper-
cholesterolemie, the levels having risen to the 600--
700 mg./100 ml. range from a normal of approximately
100 mg. 100 ml. 2-(4-Biphenylyl)-4-hexenoic acid was
active at both the 40 and 20 mg. ‘'kg. dosage schedules,
dropping cholesterol levels 26 and 1897, respectively.
However VIITa was inactive in this in rivo test.

While some compounds in this series are active in
vitro as cholesterol biosynthesis inhibitors, this activity
is not reflected in rivo as evidenced by the failure of
VIIIa to depress clevated cholesterol levels. Com-

‘,,C‘ RCOOR’, as exemplified

pounds of the type (CH

by our series, are less active than 2-(4-biphenylyl)-4-
hexenoic acid (Ib).

Experimental 2

4-Biphenylyl Cyclopentyl Ketone (VIa).—-A salution of cyelo-
pentanecarbonyl chloride (Va, 24.9 g.) and biphenyl (26.5 g.) in
dry carbon disulfide (80 ml.} was added over a period of 30 min.
ta o stirred suspension of anhydrous aluminum chloride (26.5 g.)
in carbon disulfide (80 ml.} at 0°. The reaction was quenched by
pauring the mixture into water and ice containing concentrated
hyvdrachlaric acid. This was extracted with ether and the ex-
tracts were washed with dilute sedium bicarbonate solution and
then water. The ether solution was dried and evaporated {o
dryness leaving an oily salid (41.2 g.) which, after crystallization
from ethanol, had m.p. 56-78°% Ayax 283 mu (¢23,000). The crude
product cauld be used without further purification for the next
step.  An analytical sumple prepared hy treatment with Girard's
reagent® had map, G1-63%; N 283 mp (e 25,000): poE 1680
en. L

Anal. Caled. Tor CisHi01 C) 86.58;
S6.44; H, 7.23.

4-Biphenylyl 1-Bromocyclopentyl Ketone (VIIa).——Crude 4-Di-
phenvlyl cyclopentyl ketone (VIa, 10.0 g.) was dissolved in acetic
acid (91 ml) and heated to 85°. Bramine (6.4 g.) was added and
the solution decolorized immediately. More bromine was then
added until a faint yellow color persisted and the solution was
kept at 84° for 30 min. The cooled solution was poured into cold
wuter and the gummy material which precipitated was extracted
with ether. After washing the extracts with sedium bicarbonate
and water, the ether solution was dried and the solvent remmoved.
The brown sirup ohtained was chromatographed on Florisil?? (300
g.). Elution with petraleum ether gave biphenyl (2.01 g.) and
on changing ta petroleum ether-henzene (4:1) the bromo ketone

H, 7.25. LFoawmd:

(23) Melting points were determined an a Thiele-Dennis apparatus and
are corrected. 1nfrared spectra were recorded on a Perkin-Elmer (Model 21)
spectroplictometer equipped with sodinm chloride opties. Ultraviolet
spectra were taken in ethanol with a Beckman (Model DK) recording in-
striment.  Ilarisil 160-100 mesh, Flaridin Ca.) and silica gel (Davison,
grade 913, 100-200 mesh) were used for clromatography. Petrolemm
ether refers to the fraction with h.p. 30-60°, Organic extracts were dried
over anbyidrims magnesivmn sulfate and 1he solvents were removed nnder
TSNS

(24) L. I*. Fieser in “Experiments in Organic Chemistry.” D). C. Heath and
Company, Boston, Mags., 1957, p. &8.
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(167 g.) was ohtained.  One ervstallization fram ethanol gave
an analytical snmple. mn 878820 N 295 iy (e 23,4000 0070
1676 ¢, .

Anal.  Caled. for C,Hi:BrO: ¢, Ga.66; H, 5.21;
Found: C, 65.40; H, i.31: Br, 23.96, 24.16.

1-(4-Biphenylyl)cyclohexanecarboxylic Acid (VIIla).—4-Bi-
phenylyl l-bramocyelohexyl ketone!® (15.0 g., m.p. 113-114°),
dissolved in dryv xylene (75 ml.), was added aver a periad of 20
wmin. te a stirred, refluxing mixture of dry xvlene (600 ml.) and
powdered sodiun hyvdroxide®™ (52.0 g.). The reaction mixture
was stirred and refluxed far 2 hr., then cooled and washed with
water unttil neutral.  The aquecus layer was acidified with hydro-
chloric acid aml extracted with ether. After washing the ex-
tracts thoraughly with water, the solution was dried and the sol-
vent was removed leaving the erude acid (4.2 g.). One erystal-
lization from Denzene gave the pnre acid, m.p. 175-179%0 A
256 mu (e 24,700); vore 1691 ey~ (lit. 19 nup. [77-178°).

The neutral xylene salution abave was dried and evaparated te
dryness. Crystallization of the residue from benzene guve a first
(3.82 g.) und a secand crop (1.44 g.) of a substance identified as
4-biphenylyl 1-hydroxycyclohexyl ketone (IXa). An analytical
sample melted at 116-117%: A 286 my (e 25,200); »7% 3610
(bonded --H), 3470 (nonbonded O-H), 1675, 1662 1carlumyl
group adjacent to wromatic ring) em. .

Anal. Cahud. for G HyOrr G0 8139 H,
08149 H, 105,

B-Diethylaminoethy! 1-(4-Biphenylyl)cyclohexanecarboxylate
Hydrochloride (VIIIe).—2-Chloratriethylamine hydrachloride
(2,66 g.) was added ta a solution of sodium methoxide (0.87 g.¢
in 2-propanoel® (20 ml.). After heating for a few min. the solution
wag filtered aml the filtrate was ndded (o a salution of 1-(4-bi-
phenylyDevelohexanecarboxylic acid (VIITa, 4.20 g.)in 2-propancl
(30 ml.y. The reaction solution was refluxed evernight, and the
valumie of the salutien was then reduced hy half.  Aqueaus 57
sodium hyvdroxide was added ta the solution which waus then ex-
tracted with ether. Work-up in the usual way resulted in the
isolation of an wlv liquid which was tiken up in methanaolic
hydrogen chloride solution and left standing overnight. Re-
maval of the methanol left a greenish oil which selidified on stand-
ing. Crystallization foan acetone afforded a first erop of fine
needles (101 g5 nip. 189-192°) and a secand crop (L83 g.1,
uLp. I88-101°0 Ap analyvtieal sample melted at 1589-101°:
N 286 Mg (e 24,8001 pe 1725 em. .

Anal. Caled. oo Co HuNOL-HCE: €, 720180 H, s.24; N
3370 CL 852, Found: C, 71.86: H, 8.54; N, 3.41; Cl, 8.34.

Quasi-Favorskii Rearrangement of 4-Biphenyly! 1-Bromocyclo-
pentyl Ketone (VIIa).-—4-Biphenyvlyl 1-bromoeyclapenty! ketone
(VIIa, 2.8 g.), dissolved in dry xvlene (15 mb), was added slawly
ta a stirred, refluxing mixture of anhydrous xyvlene (10t nl.) and
powdered sodimm hydroxidet (10 g, Following the same pro-
cedure deseribed in the preparation of 1-(4-hiphceuyvDeyelohexane-
carhoxyiie acid (V1la), a light lrown amarphous subistance (1.3
g} was isolated, wip, 156-164°.  Several crystallizations from
henzene gave a pure acd [m.p. 162-163°%: Ayee 286 mu (e 20,600):
v 1700 Tearboxvlic acid), 1680 {carbonyl group adjucent Lo
aromatic ring) exn. ' identified as 6-0x0-6-(4-biphenylyl}he xanoic
acid (Xb).

Anal.  Caled. {or OnHO O, 76,57 H, 6.43.
76.38: H, .29,

6-0x0-6-(4-biphenylyl)hexanoic Acid (Xb).-~A solution or
bipheny! {(10.6 g.) and 5-carbomethaxyvaleryl chloride (12.3 g.:
in dry carban disulfide (60 ml.) was slowly added (30 ml.) to
stirred mixture of anhydrous aluminum chlaride (12.0 g.) and

Br, 24.28,

T Found:

Found: €.

24 O COL Tilford, M. G. Van Cioapen. Jr., and RS0 Shelcon, J, e
Chem. See., 68, 2902 (1047).
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carbon disulfide (60 ml.). The reaction mixture was cooled in an
ice—water bath during the addition, and stirring was continued
for 15 min. at room temperature. After pouring the reaction
mixture into cold 1:3 hydrochloric acid-water, the layers were
separated and the aqueous phase was extracted with ether. The
carbon disulfide solution and ether extracts were combined and
washed with 59 aqueous sodium hydroxide solution and water.
A yellow solid (18.7 g.) was isolated after the organic solution had
been dried and subsequently evaporated to dryness. An analyti-
cal sample of methyl 6-0x0-6-(4-biphenylyl)hexanoate (Xa)
melted at 108-109°; Amax 285 mp (e 23,900); »ou: 1737 (ester
carbonyl), 1685 (carbonyl adjacent to aromatic ring) cm. !, and
was obtained after three crystallizations from: acetone-hexane.

Anal. Caled. for CisHaO3: C, 77.00; H, 6.80. Found: C,
77.06; H, 6.86.

Methyl 6-0x0-6-(4-biphenylyl)-hexanoate (Xa, 1.0 g.) prepared
above was dissolved in methanol (25 ml.) and 5%, aqueous sodium
hydroxide solution (5 ml.) was added. This solution was re-
fluxed for 1 hr., cooled, diluted with water, and extracted with
ether. The aqueous extract was acidified (hydrochloric acid)
and then extracted with ether., Working up in the usual way
gave a white solid (0.87 g.) which after one crystallization from
benzene melted at 162-163°%; Amax 287 mu (e 26,150); »2oF 1700
and 1680 cm.~!. Comparison of infrared spectra and a mixture
melting point showed that this compound (Xb) was identical with
the acid obtained in the quasi-Favorskil rearrangement of 4-bi-
phenylyl 1-bromocyclopentyl ketone (VIIa).

2-Fluoreny! Cyclohexyl Ketone (VIc).—A solution of fluorene
(25.0 g.) and cyclohexanecarbonyl! chloride (23.0 g.) in anhydrous
carbon disulfide (80 nil.) was added over a period of 40 min. to a
stirred mixture of anhydrous aluminum chloride (30.0 g.) and
carbon disulfide (100 ml.) cooled in an ice-water bath. After the
addition was completed, the cooling bath was removed and stir-
ring was continued at room temperature for 30 min. Working up
in the usual way gave a crude product which after one crystalliza-
tion from methanol afforded needles (23.5 g.), ni.p. 150-152°. A
second crop (8.2 g.), ni.p. 147-150°, was also obtained. An an-
alytical sample nielted at 151-152°; Amax 297 (e 23,900), 317 mip
(€ 26,350); vooe 1676 cm. L

Anal. Caled. for CyHyO: C, 86.92; H, 7.29.
86.80; H, 7.15.

2-Fluoreny! 1-Bromocyclohexy! Ketone (VIlc).—2-Fluorenyl-
cyclohexyl ketone (Ilec, 10.0 g.) was dissolved in chloroform (100
ml.) and warmed gently while a solution of bromine (5.8 g.) in
chloroform (40 nil.) was added over a period of 45 min. with stir-
ring. The volume of the solution was concentrated, methanol
was added, and the product crystallized as plates (11.0 g.), m.p.
118-124°. Two more crystallizations from chloroform-methanol
gave an analytical sample, m.p. 121-122; A\, 242 (¢8570), 318 mu
(25,000); vos? 1675 (carbonyl adjacent to aromatic ring) em. L

Anal. Caled. for CooHiBrO: C, 67.60; H, 5.38; Br, 22.50.
Found: C, 67.57; H, 5.61; Br, 22.75, 22.72.

Quasi-Favorskii Rearrangement of 2-Fluoreny! 1-Bromocyclo-
hexy! Ketone (VIIe).—A solution of 2-fluoreny! 1l-bromocyclo-
hexyl ketone (VIIc, 9.5 g.) in dry xylene (45 ml.) was added to a
suspension of powdered sodium hydroxide!® (34 g.) in refluxing
xylene (400 ml.) over 20 min. with vigorous stirring. The reac-
tion mixture was stirred and refluxed for 2 hr., cooled to room
temperature, and washed with water until washings were neutral.
A gumny material precipitated at the interface and was collected
by filtration. This could now be dissolved in water and after
washing the aqueous solution with ether it was acidified with
hydrochloric acid. A red solid (2.2 g.) precipitated which was
collected by filtration. The basic aqueous extracts above were
found to contain only traces of acid. Chromatography of the
red solid over silica gel*® and elution with benzene-chloroform
(24:1) gave a white solid (0.52 g.) which after 4 crystallizations
from aqueous niethanol gave analytically pure 1-(2-fluorenyl)-
cyclohexanecarboxylic acid (VIIIb), m.p. 207-209°;, Apmax 270
(e 29,200), 295 (9380), 307 mu (13,100); voo: 1692 (carboxylic
acid) cm.”L

Anal. Caled. for CyHp0.: C, 82.15; H, 6.89.
81.96; H, 6.92.

The neutral xylene solution above was dried and evaporated to
dryness. One crystallization of the residue from benzene-hexane
gave a substance (2.0 g.) identified as 2-fluorenyl 1-hydroxycyclo-
hexy! ketone (IXb), m.p. 131-135°. An analytical sample had
m.p. 140-141°; Amas 314 mp (e 25,800); vost 3610 (bonded O-H),
3470 (nonbonded O-H), 1671, 1657 (carbonyl adjacent to aro-
matic ring) cm. "L

Found: C,

Found: C;
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Anal. Caled. for CyHz0s: C, 82.15; H, 6.89.
82.43: H, 6.76.

1-(4-Biphenylyl)-1-cyanocyclopropane (IIla).—p-Phenylbenzy!
cyanide (15.0 g.) was dissolved in anhydrous ether (250 ml.) and
sodamide (6.5 g.) was added to the solution. This was refluxed
with stirring and after a short time a red color appeared which
became very intense after 0.5 hr. At this point ethylene dibro-
mide!® (14.65 g.) dissolved in dry ether (20 ml.) was slowly added
over a period of 15 min. Refluxing with stirring was continued
for 9 hr. and then the reaction mixture was poured over crushed
ice and extracted with ether. The combined extracts were
washed with water, dried, and evaporated to drvness. A red
solid (14.9 g.), m.p. 80-88°, was obtained which after several
crystallizations from acetone-hexane afforded an analytical
sample, m.p. 108°; Amux 256 mu (e 25,800); »S% 2240 (nitrile
group) em.” L

Anal. Caled. for CxHisN: C, 87.64; H, 5.98; N, 6.39.
Found: C, 87.65, H, 6.09; N, 6.62.

1-(4-Biphenylyl)cyclopropanecarboxylic Acid (IVa).—1-(4-

Biphenylyl)-1-cyanocyclopropane (IIla, 5.0 g.) was dissolved in
ethanol (70 ml.) and to this was added a solution of potassium
hydroxide (20 g.) in water (20 ml.). The reaction mixture was
refluxed for 20 hr., cooled, and diluted with water. After ex-
traction with ether, the ether solution was in turn extracted with
5% aqueous sodium hydroxide solution. The first basic extract
was a clear red solution but after a few sec. a white solid precip-
itated and was collected by filtration. This solid was dissolved
in water and on acidification with dilute hydrochloric acid, 1-(4-
biphenylyl)cyclopropanecarboxylic acid (IVa, 1.97 g.), ni.p. 215-
219°, precipitated as a white solid. An analytical sample pre-
pared by two crystallizations from aqueous ethanol was obtained
as fine needles, m.p. 218-221°; Apax 255 myu (e 24,300); »>* 1690
(carboxylic acid ) eni”L

Anal. Caled. for C¢Hi0:: C, 80.64; H, 5.92.
80.79; H, 6.10.

1-(4-Biphenyly!l)-1-cyanocyclobutane (IIIb).—p-Phenylbenzyl
cyanide (15.0 g.), dissolved in dry ether (250 ml.), was condensed
with 1,3-dibromopropane (15.8 g.) in the presence of sodamide
(6.0 g.) under the same conditions!® as those used in the prepara-
tion of IIIa. The reaction was quenched by pouring the mixture
over crushed ice. An emulsion formed which was broken by
filtration and the solid (5.5 g.) which was collected was found to
be crude IIlb (nitrile band at 2240 ecm.™! compared to 2265
em.”! in p-phenylbenzyl cyanide). Separation of the layers in
the filtrate and extraction of the aqueous layer with ether resulted
in the isolation of a reddish brown oil (11.7 g.} which was also
identified as crude IIIb. An analytical sample was obtained by
chromatography on Florisil2® and crystallization from acetone—
hexane, m.p. 115-116"; Amax 254 mu (e 22,400); vor™ 2240
(nitrile group) em. L,

Anal. Caled. for Ci7H;;N: C, 87.51; H, 6.48.
87.64; H, 6.52.

1-(4-Biphenylyl)cyclobutanecarboxylic Acid (IVb).—Crude

1-(4-biphenylyl)-1-cyanocyclobutane (IIlb, 7.1 g.) was dissolved
in ethanol (100 ml.) and this solution was added to a solution of
potassium hydroxide (28.3 g.) in water (28 ml.). The reaction
solution was refluxed for 20 hr., cooled, diluted with water and
extracted with ether. Acidification of the aqueous solution with
dilute hydrochloric acid precipitated a white solid (1.73 g.), m.p.
121-136°. One crystallization from aqueous methanol raised
the melting point to 146-150°. An analytical sample melted at
150-154°; Amax 246 mu (e 21,700); »52 1695 (carboxylic acid)
cm.~L

Anal. Caled. for CyH,40s: C, 80.92; H, 6.39.
80.65; H, 6.32.

1-(4-Biphenylyl)-1-cyanocyclopentane (Illc).—p-Phenylbenzyl
cyanide (15.0 g.), dissolved in anhydrous ether (250 ml.), was
condensed with 1,4-dibromobutane (16.85 g.) in the presence of
sodamide (6.0 g.) under the same conditions!® as those used in the
preparation of II1la. The crude product (18.9 g.) on crystalliza-
tion from hexane gave a first crop (8.50 g.), m.p. 75-81°, and a
second crop (3.47 g.). An analytical sample melted at 91-93°;
Amax 252 (e 28,800), 258 mu (29,200); »ool™ 2238 (nitrile group)
em. L

Anal. Caled. for CisHN: C, 87.41;
Found: C, 87.70; H, 7.04; N, 5.83, 5.77.

Hydrolysis of 1-(4-Biphenylyl)-1-cyanocyclopentane (Illc).—
Crude 1-(4-biphenylyl)-l1-cyvanocyclopentane (Illc, 8.5 g.) was
dissolved in ethanol (120 ml.) and added to a solution of potas-
sium hydroxide (33 g.) in water (33 ml.). The reaction solution

Found: C,

Found: C,

Found: C,

Found: C,

H, 6.93; N, 5.66.
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wuas rvefluxed for 16 hr. and then caoled. Dilution with water
precipitated needles (5.19 g.) which were identified as 1-(4-bi-
phenylyl)cyclopentanecarboxamide (IVd), m.p. 149-151° after one
crystallization frain acetone. An analytical swmple melted at
150-151°; Nax 257 mu (e 23,400); »52 1692 (amide) em. "

Anal. Caled. for CxHioNO: C, 81.47; H, 7.22: N, 5.8
Found: C, 81.80; H, 7.20; N, 5.2, 5.27.

The above filtrate was extracted with ether and acidification
of the aqueous solution gave only traces of acidic material. The
combined ether extracts were washed with water, dried, and
evaporated to dryness leaving a yellow awmmorphous solid (2.62 g.).
This solid was suspended in a 5%; aqueous solution (50 ml) of
sodium hydroxide and refluxed for 1 hr.  After coaling, the undis-
solved solid (crude amide) was separated by filtration and the
filtrate was acidified with dilute hydrachloric acid.,  Extraction
with ether and working up in the usual way gave 1-(4-biphenylyl )-

Vol 7

cyclopentanecarboxylic acid (IVe) as a white solid (0.21 g.) which
nelted at 187-189° after one crystallization fram aqueous meth-
anol.  An analytical sample melted at 200-201°; Ay 256 muy (e
24,200); v 1695 (carboxylic acid) c¢m. -

Anal.  Caled. for CuHj:On: G, S115;
$0.79; H, 608,

H, 6.87. ound: ()
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The tinie course of sterol biogynthesis inhibition of two 2,3-diphenylacrylonitriles wlhich block the conversion

of desmosterol to cholesterol is ¢compared with triparanol in orally treated rats.

The data thus obtained are

carrelated with drug concentration in the liver and with the effects of these compounds on sterol biosynthesis

in witro.

The liver is regarded as a primary site for the syn-
thesis as well as the metabolism of cholesterol.2 That
a feed-back mechanism is operative in the liver has
been shiown by cholesterol-feeding experiments which
produce higher than normal concentrations of choles-
terol in the liver. These livers have a reduced capacity
to syuthesize new cholesterol.** Chemical agents
also atfect liver cholesterol. Istrogens which effectively
lower serum cholesterol have been shown to alter
both liver sterol countent and the ability of these livers
to synthesize cholesterol.®® Triparanol, a sterol bio-
synthesis inhibitor, does not materially change liver
sterol concentration, but does alter liver sterol com-
position. Desmosterol, which is present in minute
amounts in normal rat liver, replaces much of the
cholesterol in the livers of tiiparanol-treated animals.”$

In the course of studies of sterol biosyuthesis in-
hibitors? that block the conversion of desmosterol to
cholesterol, we became interested in correlating drug
concentration at the site of action with degree of in-
hibition. By administering a labeled precwrsor to
animals pretreated with the drug we hoped to deter-
mine the extent of biosynthesis inhibition by measuring

(1) Based on a presentation at the 142nd National Meeting of the Ameri-
can Chemical Society, Atlantic City, N. J., Sept. 10, 19642,

(2) D. Kritchevskv, "Chalesterol,”’ John Wiley and Sons. lne., New
York, N. Y., 1938, pn. 75, 118,

(3) 1. D. Frantz, Ir., H. 8. Schneider, and 13, T, Hinkleman, J. Bisl.
Cheom,, 206, 465 (1954).

«4) However, it has also been shown in nore recent experiments that im-
paired liver cholesterogenesis does not alwavys correlate with liver sterol con-
tent: M. D. Sinerstein and M. J. Guest, J. Clin. I'nvest., 89, 642 (1960).

(M G. R Boyd and W. B, McGnuire, Biockem. J., 62, 19p (1956).

(O Gl 8 Bovd, Federation Proc., 21, 88 (1962).

(7) W. M. Stokes and W. A. Fish, J. Bicl. Chem.. 238, 2604 (1960).

(81 J. Avigan, D. Steinherg, 1. [X. Vroman, M. J, Thowmpson, and 1.
Mosettig, ibid., 286, 3123 (19i0).

(11 G. M, K. Hughes, P. I'. Moore, and R. B. Stebbins, J. Med. Chem., T,
11 (1964).

the relative amounts of labeled desmosterol and cho-
lesterol in the liver and to measure at the same time the
drug content of the liver. This report describes an
experiment 1 which the drug eoutent of the liver was
correlated with its effect as indicated by the comparison
of radioactive liver sterols following mevalonate-2-(:!*
mjection. T'or this purpose two compounds, 2.3-
bis[p-(2-diethylaminoethoxy)phenyljacrylonitrile (1)
and trans-3-[p-(2-diethylaminoethoxy)phenyl]-2-phen-
vl-2-pentenenitrile (IT),* were compared with tri-
paranol (Chart 1),
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