500

(0.10 mole) of 1-(2-diethylaminoethyl)-2-(1-phenyl-2-propyl)-
hydrazine (X) in 500 ml. of 1 & hydrochloric acid was boiled
under reflux for 15 hr., After cooling to room temperature, the
orange-brown reaction mixture was extracted twice with 250 ml.
portions of ether (extract A). The aqueous layver was then
treated with 50 ml. of 5097 sodium hydroxide solution and the
alkaline mixture was again extracted twice with 250-ml. portions
of ether (extract B). Subsequent addition of 200 g. of solid
sodium hydroxide (cooling) and extraction gave a third ether
solution (extract C). Kach of the ether extracts was dried over
anhydrous potassium carbonate, and the ether removed through
a short Vigreux column to give residues A, B, and C.

Residue A weighed 0.5 g.; vapor phase chromatography*® in-
dicated that phenylacetone was the major component.

Residue B weighed 154 g.; vapor phase chromatography?® in-
dicated that amphetamine was the major constituent. A por-
tion (14.9 g.) was distilled in vacuo through a short Vigreux column
to give 10.3 g. (78%) of a colorless liquid, b.p. 82-87° (13 mm.),
This material was shown to be identical with an authentic
sample of dl-amphetamine by comparison of their infrared
absorption spectra and their succinate salts, m.p. and mixture
m.p. 161-163°.

Residue C weighed 3.3 g.; vapor phase chromatography?® in-
dicated that 2-diethylaminoethylamine was probably the major
compounent. Distillation at atmospheric pressure gave 0.74 g.
of a colorless liquid which was shown to be identical with an
authentic sample of 2-diethylaminoethylamine by comparison
of their infrared absorption spectra and their pierate salts, m.p.
and mixture m.p. 209-211°.

Anal. Calcd for CGH16N2'2C5H3N3()71 C, 3763,
N,19.51. Found: C,37.92; H,3.93; N, 19.51.

H, 3.86;
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Treatment of 1-(2.Diethylaminoethyl)-2-(1-phenyl-2-propyi)-
hydrazine (X) with Sodium Hydroxide.—A solution of 24.9 g¢.
(0.10 mole) of 1-(2-diethylaminoethyl)-2-(1-phenyl-2-propyl)-
hydrazine (X} in a mixture of 250 ml. of 1 ¥ sodium hydroxide
solution and 250 ml. of methanol was boiled under reflux for 16
hr.  During the last 2 hr, of heating, 275 ml. of solvent was re-
moved at atmospheric pressure. The orange-brown reaction
mixture was cooled and extracted with two 250-ml. portions of
ether. The combined ether extracts were dried over anhydrous
potassium carbonate, the drying agent was collected, and the
ether was removed through a short Vigreux column. The residue
(23.2 g.) was distilled in vacuo to give 17.4 g. (707,) of a pale
vellow liquid, b.p. 78-83° (0.08 mm.) which was identical with the
starting material.
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N,N’-Dibenzylethylenediamine, the Key to a Novel
Class of Cholesterol Biosynthesis Inhibitors'
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A number of mevalonic acid analogs and their N,N'-dibenzylethylenediamine (DBED) salts have been tested

for their effect on the incorporation of mevalonate-2-C'* into cholesterol by rat liver homogenates.

In contrast

to the mevalonic acid analogs, their DBED salts exhibited an inhibitory property which was found to reside in

DBED itself.

DBED was moderately effective in lowering serum sterols in hypercholesterolemic rats.

The site of action of DBED is at the level of the conversion of 7-dehydrocholesterol to cholesterol.

Molecular modifica-

tions of DBED have resulted in compounds of increased potency, showing activity, in vitro, at a concentration

of 1 X 10~ 2.

In a previous publication? we reported the synthesis
of a series of mevalonic acid analogs. Most of these
analogs were oils and it was found convenient to charac-
terize them as solid derivatives. For the purification
and characterization of synthetic mevalonic acid itself,?
the salt with N,N’-dibenzylethylenediamine (DBED)
was employed and, consequently, this diamine was also
our choice for the preparation of erystalline salts of our
mevalonic acid analogs.

In due course, it was discovered that, in contrast to
the mevalonic acid analogs, their salts with DBED in-
hibited the incorporation of mevalonate-2-C'* into
cholesterol by rat liver homogenates and, quite unex-

(1) (a) Presented before the Division of Medicinal Chemistry, 147th
National Meeting of the American Chemical Society, Philadelphia, Pa.,
April 6-10, 1964; (b) part VII: D. Dvornik, M. Kraml, and J, Dubue,
Proc. Soc. Ezptl. Biol. Med., 113 (1964), in press; for part VI, see ref. 5.

(2) L. G. Humber, M. Kraml, J. Dubuec, and R. Gaudry, J. Med. Chem., 6,
210 (1963).

(3) C. H. Hoffman, A. F. Wagner, A. N, Wilson, E. Walton, C. Shunk,
D. E. Wolf, F. W, Holly, and K. Folkers, J. Am. Chem. Soc., T9, 2316 (1957).

pectedly, we found that the inhibitory activity resided
in DBED itself. These results led us to investigate
various analogs, homologs, and derivatives of DBED
for their ability to inhibit cholesterol biosynthesis.
DBED itself has also been studied ¢n vivo with respect to
its effects on rat serum sterol levels.

The discovery of the inhibitory effect of DBED on
hepatic cholesterogenesis has eventually led to the syn-
thesis of frans-1,4-bis(2-chlorobenzylaminomethyl)cy-
clohexane dihydrochloride,* a representative of a novel
class of cholesterol biosynthesis inhibitors® which acts
by interfering with the conversion of 7-dehydrocho-
lesterol to cholesterol.! Thus, we have also studied the
effect 1n vitro of DBED on the metabolism of 7-dehydro-
cholesterol, These results form the basis of this report.

(4) L. G. Humber, Belgian Patent 627,610 (1963);
Patent Report 30 (1963).

(5) C. Chappel, J. Dubue, D). Dvornik, M. Givner, L. Humber, M. Kraml},
K. Voith, and R. Gaudry, Nature, 201, 457 (1964).

(6) D. Dvornik, M. Kraml, J. Dubue, M. Givner, and R, Gaudry. J. .{im,
Chem. Soc., 85, 3309 (1963).
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Experimental’

The compounds investigated are listed in Tables I toIV. Some
of these were prepared by methods previously described, others
were obtained through the courtesy of Dr. A. Langis of these
laboratories and of Dr. W. F. Bruce, Wyeth Laboratories,
Philadelphia, Pa., as indicated by footnotes to the tables. The
syntheses of the new compounds are described below.

N-Benzoyl-N'’-benzylideneethylenediamine.—N-Benzoyl-
ethylenediamine® (10.0 g.) and benzaldehyde (8.16 g.) were re-
fluxed in benzene (300 ml.) until the theoretical volume of water
had been coliected in a Dean-Stark trap, The benzene solution
was concentrated to 100 ml. and the product was obtained as
colorless crystals, m.p. 132-134° (14.0 g.).

Anal. Caled. for CsHisN.0: C, 76.15; H, 6.39; N, 11.10.
Found: C, 75.77; H, 6.51; N, 10.58.

N-Benzoyl-N’-benzylethylenediamine.—N-Benzoyl-N’-ben-
zylideneethylenediamine (4.3 g.), dissolved in ethanol (80 ml.), was
hydrogenated at atmospheric pressure and at room temperature
with a platinum oxide catalyst (100 mg.). The theoretical amount
of hydrogen was consumed in 2 hr, and the product was isolated
in the usual manner. A hydrochloride salt was prepared and
crystallized from 2-propanol, m.p. 206-208°.

Anal. Caled. for C;sH;sCIN,O: Cl, 12.19; N, 9.63. Found:
Cl, 12.04; N, 9.55.

N,N’.Di(p-phenylbenzyl)ethylenediamine.—p-Phenylbenz-
aldehyde? (9.1 g.) and ethylenediamine (1.5 g.) were converted to
the corresponding Schiff base by refluxing in benzene (80 ml.)
for 3 hr., with continuous removal of the liberated water. It was
dissolved in a methanol-benzene (2:1) mixture (100 ml.) and
refluxed for 16 hr. with sodium borohydride (1.9 g.). The solvents
were removed in vacuo and the residue distributed between
chloroform and water. The chloroform phase yielded the product
(8.7 g.), m.p. 150-151° (from acetone).

Anal. Caled. for CyHasNa: C, 85.65, H, 7.19;
Found: C, 85.33, H, 7.40; N, 7.01.

N,N’-Bis(2-hydroxyethyl)-N,N’-dibenzylethylenediamine.—
N,N’-Dibenzylethylenediamine (7.1 g.) and 2-chloroethanol
(9.66 g.) were combined in benzene (80 ml.) and refluxed for 5
hr. The mixture was made basic with 109, aqueous sodium hy-
droxide and the benzene phase was dried and distilled to yield
3.2 g. of product, b.p. 180° (0.15 mm.). The dihydrochloride
salt was crystallized from an aqueous ethanol solution and melted
at 187-191°,

Anal. Caled. for CoyoHgCloNyOq:
17.75.

N-(2-Benzylaminoethyl)-1,2,3,4-tetrahydroisoquinoline.—
N-(2-Chloroethyl)-1,2,3,4-tetrahydroisoquinoline hydrochloride
(23.2 g.), prepared by the action of thionyl chloride on the cor-
responding alcohol,® and benzylamine (21.4 g.) were combined
and heated at 100° for 12 hr. The reaction mixture was made
alkaline with 159, aqueous sodium carbonate and extracted with
benzene. Distillation yielded the title compound, b.p. 165-170°
(0.3 mm.); dihydrochloride salt, m.p. 249-251° (from methanol-
ether).

Anal. Ca]cd. for C;sHuClgNz: Cl, 20.90, N, 8.26.
Cl, 20.75; N, 8.18.

N-Benzyl-N’~(1-naphthyl)ethylenediamine.—N-(1-Naphthyl)-
ethylenediamine (9.3 g., 0.05 mole) and benzaldehyde (5.3 g.,
0.05 mole) were converted to the Schiff base in benzene (100 ml.)
in the usual manner, followed by reduction with sodium boro-
hydride (2.15 g.) in ethanol to yield the title product, hydro-
chloride m.p. 210-211° (from ethanol).

Anal. Caled. for CiHyCINg: Cl, 11.33; N, 895, Found:
Cl, 11.44; N, 8.90.

N,N’-Dibenzyl-1,4-butanediamine.,—1,2-Dibromobutane (21.6
g.) and benzylamine (21.4 g.) were combined without solvent and
heated at 100° for 2 hr. The mixture was filtered and the filtrate
distilled to yield the title product, b.p. 152° (0.2 mm.), dihydro-
chloride m.p. 223-224° (from methanol-ether).

Anal. Caled. for CisH2eClLN: Cl, 20.78; N, 8.18. Found:
Cl, 20.92; N, 8.37.

N,N’-Dibenzyl-trans-1,4-cyclohexanebis(methylamine ).—

N, 7.14,

Cl, 17.66. Found: CiJ,

Found:

(7) All melting points were determined on a Fisher-Johns apparatus and
are corrected.

(8) F. C. Schaeffer, J. Am. Chem. Soc., 77, 5922 (1955).

(9) G. Cavallini and E. Mazzarani, Italian Patent 600,214 (1959); Chem,
Abstr., 55, 16486 (1961).

(10) B. Belleau, J. Med. Pharm. Chem., 1, 343 (1959) (p. 350).
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trans-1,4-Cyclohexanebis(methylamine) (28.4 g., 0.2 mole) and
benzaldehyde (42.4 g., 0.4 mole) in benzene (175 ml.) were con-
verted to the Schiff base which was reduced with sodium boro-
hydride (15.4 g., 0.4 mole) in methanol (150 ml.) in the usual
manner to yield the title product as an oil in 75% yield. The
dihydrochloride was crystallized from dilute ethanol and melted
at 358° dec.

Anal. Caled. for CeHgCLN,: Cl, 17.93; N, 7.08. Found:
Cl, 18.05; N, 7.12.

N,N’-Dibenzyl-1,7-heptanediamine.—1,7-Heptanediamine (5.2
g.) and benzaldehyde (7.0 gm.) in benzene (100 ml.) were con-
verted to the Schiff base, which was reduced with sodium boro-
hydride (3.7 gm.) in methanol to yield the title compound as an
oil. The dihydrochloride melted at 292-293° (from ethanol),

Anal. Caled. for CaHyCLN,: Cl, 18.49; N, 7.31. Found:
Cl, 18.51; N, 7.14.

Methods. A. Effect on Hepatic Cholesterogenesis in Vitro.—
The effect of the test compounds on the incorporation of mevalon-
ate-2-C* into cholesterol by rat liver homogenates was estimated
as previously described.!! The results are presented in Tables I-
Iv.

B. Antihypercholesterolemic Effect in Nephrotic Rats.—Rats
were rendered nephrotic and hypercholesterolemic by subcuta-
neous administration of puromyecin aminonucleoside.’? The
ability of DBED to antagonize this hypercholesterolemia formed
the basis of the in vivo test.'® Total sterol levels'* expressed as
cholesterol are presented in Table V.

C. Site of Inhibition.—Experiments were undertaken to
localize the site of inhibition of cholesterol biogenesis by in vitro
techniques. Inasmuch as trans-1,4-bis(2-chlorobenzylamino-
methyl)cyclohexane has been shown to inhibit the enzyme 7-
dehydrocholesterol-A-reductase,® the effect of DBED on this
enzyme was also examined. The A%reductase activity was as-
sayed by the procedure of Kandutsch,!® which consists in meas-
uring the disappearance of 7-dehydrocholesterol in the presence
of liver enzymes and suitable cofactors. The medium was as
follows: 2.9 ml. of rat liver homogenate (10 g. of fresh liver homog-
enized in 15 ml. of Tris buffer (0.1 M, pH 7.4), centrifuged at
3000 r.p.m. for 10 min.), glucose 6-phosphate dehydrogenase (1
unit in 0.1 ml. of water; 1 unit will reduce 1 umole of TPN/min.
at pH 7.4 and 25°; obtained from Sigma Chemical Co., St.
Louis, Missouri), 80 umoles of niacinamide, 4 umoles of TPN,
44 pmoles of glucose 6-phosphate, and 2.4 umoles of 7-dehydro-
cholesterol in a final volume of 4.0 ml. Incubations were run for
90 min. in a Dubnoff metabolic shaker, with air as the gas phase
and terminated by the addition of 7 pellets of potassium hy-
droxide. After the proteins dissolved, 1.0-ml. aliquots were pipet-
ted into stoppered tubes followed by 1.5 ml. of water, 2.5 ml. of
ethanol, and 10 ml. of hexane. The residual 7-dehydrocholesterol
was estimated in the hexane extract at 281.5 mu'617 using a Beck-
man DK-1 spectrophotometer. The effects of DBED on A%
reductase and on the incorporation of mevalonate-2-C into cho-
lesterol are compared in Table VI.

Results and Discussion.—The effects of the com-
pounds tested on hepatic cholesterogenesis from mevalo-
nate-2-C'¢ in vitro are presented in Tables I to IV. In
contrast to the mevalonic acid analogs, their N,N’-di-
benzylethylenediammonium salts depressed the incor-
poration of mevalonate into cholesterol (Table I), thus
suggesting that DBED was the inhibitor. This was
confirmed by the demonstration that at a final con-
centration of 1 X 10—% M, DBED dihydrochloride (7)
completely blocked the formation of cholesterol from
mevalonate. The discovery of such an inhibitory prop-
erty in DBED appeared to be unique and has

(11) L. G. Humber, M. Kram}, and J. Dubue, Biochem. Pharmacol., 11,
755 (1962).

(12) 8. Frenk, I. Antonowiez, J. M. Craig, and J. Metcoff, Proc. Soc.
Ezxptl. Biol. Med., 89, 424 (1955).

(13) P. Morand, J. Bagli, M. Kram), and J. Dubue, J. Med. Chem., 7,
504 (1964). This test was performed under the direction of Dr. C. Chap-
pel.

(14) 8. Pearson, S. Stern, and T. H. McGavack, Anal. Chem., 28, 813
(1953).

(15) A. A. Kandutsch, J. Biol. Chem., 287, 358 (1962).

(16) L. Dorfman, Chem. Rev., 53, 47 (1953).

(17) E. 1. Mercer and J. Glover, Bioschem. J., 80, 552 (1961),
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TasLr 1
Errecr or DBICD, MevaLoNic Acip ANaLoas, axp DBISD
SanTs oN HEpATIC CHOLESTEROGENESIS

¢

inhibi-
tion
No. Compound (103 My
CH.
R
~ " coom
OH
! R = OCHy §]
2 R = OC:Hy" 0
3 2 = CH,OH~ 1]
CH,CH,NTH,(CHy, N THCH,CH, 2R Tt
\/\*ACOO‘
OH
4 R = OCH, 100
hH R = OC;H;» 100
§ R = CH,OH* 94
7 CeH;CH.NH(CH. ), NHCH.C4H, - 2HCl* 03

v See ref. 2. PJ. L. Szabo, C. D. Edwards, and W. I. Bruee,
Antibiot. Chemotherapy, 1, 499 (1951,

TasrLe 11
ErrEct or UNSUBSTITUTED AND MONOSUBSTITUTED
ALKYLENEDIAMINES ON HEPATIC CHOLESTEROGENESIS

(s
«

inhibi-
tion

(103
No. Compound M
b} H;N(CH?))NH; Q2HCIR 0
9 H.N(CH:);NH.-2HCl* 0
10 HzN(CHz)4NH3 2HC(Cl+ ()
" Q v » 21

NH#4-CH,NH, -2HCI

12 C:H:NH(CH:).NH. -HCI" 0
13 CeH;CH.NH(CH,),NH. - 2HCI" 0
14 CH,CONH(CH,),NH, -HCI" 0
15 2-ClICH,CH.NH(CH,),NH. -2HCI® 52
16 2-C1CGH4CH3NH<CH2)JXH2 2HCI? 50
17 C¢H:CH,NHCH(CH;)CH.NH,-2HC!" 0
18 CsH;CH,CH,NH(CH,);NH.-2HCl® 0
19 C¢Hs(CH,).NHCH(CH;)CH,NH,.-2HC]" 29

20 3,4-(CH;0 LCoHy(CH: ), NHCH(CH;)CH. N He - 2HClY 0

« Clommereially available. » Obtained through the courtesy
of Dr. A. Langis, Ayerst Research Laboratories. ¢ 8, C. Dicker-
man and A, J. Besozzi, J. Org. Chem., 19, 1855 (1954). 7 See
ref. 8.

prompted us to investigate the essential structural fea-
tures assoclated with this type of activity so as to enable
us to design a compound of increased activity.

The compounds listed in Table II comprise a series
of unsubstituted or monosubstituted alkylenediamines.
Compounds containing two primary amino groups (the
unsubstituted alkylenediamines 8, 9, and 10) are in-
active at 1 X 10~% 3/. Some of the compounds with
one primary and one secondary amino group are active,
othersinactiveat 1 X 10~ 1/, None of the compounds
listed in Table IT approaches the level of activity found
for DBED. The ability of an alkylenediamine to re-
tain as high an effect on hepatic cholesterogenesis as
obtained with DBED, appears to be associated with the
presence of at least one substituent on each nitrogen.

The effects of a series of additional structural modi-
fications in a group of ethylenediamines containing at
least one substituent on each nitrogen were investi-
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Tapre 111
EreeEcr or POLYSUBSTITUTED ALKY LENEDIAMINES ON
Herario CHOLESTEROGENESIS

€

imhibition
No. Compound {final conen
21 CHeNH(CH2): NHCH; - 2HCI* 0 {103 AN
22 (CH)aN(CH)N(CHg- 2HOP 0 (10=2 A
23 (CH):CHCH;NH(CH2): NHCH-2CH(CHs):- 2H e O (108 3
24 (CoHs CHNH(CH) NHCH (CsHg)e- 21T 57T (1078 00
25 1-(CeHe) CeHWCHuNH (CH) : NHC HaCulls-4-( Ce 11307 [SERI RS
26 CyHeNH(CH) 2 NHCH2Cu s - T a8 (108 M
27 CwHsNH(CH)2NHCHCyHs - HC 17T 10 M
28 CUHCONH(CHD: NHCHO6Hs - HOT SO 1078 MG

N==CHCsHs" IESTEEIRTS
NHCOCHs 20 (105 M

CoHsCH==N(CHa
CyHsCONH(CHe

-

31 CsHsCONH(CH2): N=CHCsHs® 23410 % My
32 CHsCH(CHs) NH(CH2): NHCH(CHs) CoHs - 2HCH 15410 7% M,
33 CyHeCH2NHCH(CeHs) CHLNHCHCoHe - 2HCT7 33100 M
Bt ('sHs()HzN((‘I!zﬁzN(”Hp(‘uHa-QH(‘]’“' 0 {10 A0

CHs CHs
35 CoHiN(CH)NHCTLCsHs 2HCIS !
36 CatlsCHe CHaCels

23 (10~ 0D

NiCHN G
HO(C b (CHROI-2HCT

. Abe, J. Pharm. Soc. Japan, 75, 153 (1955); Chem. Abstr.,
50, 1778 (1956).  » H. H. Fox and W. Wenner, .J. Org. ('hemn., 16,
225 (1951). < J. Rameau, Rec. trar. chim., 87, 194 (1938).  The
free base of this compound is reported by J. Van Alphen and J. L.
Robert, ibid., 54, 361 (1935), but the dihydrochloride has not
been reported. Tt has m.p. 347-350°. Anal. Caled. for CusHy
CLNe: Cl, 15.23. Found: Cl, 15.7%. ¢ See Experimental sec-
tion. ¢ K. Miescher and W. Klarer, U. 8. Patent 2,505,133 (April
25, 1950); Chem. Abstr., 44, 6880 (1950). ¢ CiyHr = 1-naph-
thyl. * See Table [, footnote b. ¢ 8. R. Aspinall, J. Org. Chen.,
6, 895 (1941). 7 Obtained through the courtesy of Wyeth Lab-
oratories, * The free base reported by H. T. Clarke, J. Chem
Soc., 99, 1927 (1411); the dihydrochloride has m.p. 266° dec.
Anal. Caled. for CiyHaCLN.:  Cl, 20.77. Found:  Cl, 20.54.
CCMHWN = 1,23 4-tetrahydroisoquinolino.

Tasre IV
Frrecr or N,N'-DIBENZYLALKYLENEDIAMINES ON
Heratic CHOLESTEROGENESIS

o
pag

N-N inhibition

distance, (final

No. Compound Ao conen.)

CoHsCHaNH- - N=--NHOH050, - 2H O

7 X = (CH2)s 3.74 32 (10 M)
37 N = (CH 1.84 11 (1075 M)
38 N = {(CH»" 6 01 40 (304 3
39 X = (CH! 7.1 ®1 (1075 W)
40 X = (CHuy 8.20 85 (101 M}
t N = (CH) G 25 67 (104 A1)

12 X=(,‘H_—(~>~CH_,/ T2 4A (10 M)
N

« Measured on Dreiding models. * Obtained through the
courtesy of Wyeth Laboratories;  this compound was tested as
the diacetate salt. * The free base has been previously reported:
<. Yabuta and H. I[keda, Japanese Patent 3480 (1954): Chem.
Absir., 50, 1075 (1956). The dihydrochloride has m.p. 312
314°. Anal. Caled. for CisHaClNy: Cl, 20.77. Found: ('l
20.70. < The diacetate salt has been previously reported (see
footnote e.) The dihydrochloride has m.p. 322-323°. Anal.
Caled. for CsHasClN2: Cl, 19.96. Found: Cl, 19.82. «J. L.
Szabo and W. F. Bruce, U. 8. Patent 2,739,981 (March 27, 1956):
(hem. Abstr., 50, 16850 (1956). / See Experimental section.

gated next. These compounds are shown in Table T11.
When the substituents are small alky! groups (21, 22,
and 23), the compounds are inactive at 1 X 10-% A/;
when they are large aralkyl groups, e.g., benzhydry! and
p-phenylbenzyl (24 and 25), the resulting compounds
are less active than DBED itself.
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The effect of reducing the basicity of the nitrogen in
a series of N,N’-disubstituted ethylenediamines was
also investigated. When one or both nitrogens are
rendered nonbasic, e.g., in an amide or Schiff base link-
age, the resultant compounds (28-31) are considerably
less active than DBED. However, when the basicity
of only one of the nitrogens is moderately reduced by
conjugation with an aromatic ring, the activity of the
resultant compounds (26 and 27) is not significantly
affected.

Alkyl substitution of the methylene groups adjacent
to the nitrogen (32 and 33) or rendering one or both of
the nitrogens tertiary - (34-36) does not enhance the
activity with respect to DBED.

The influence of the internitrogen distance in & series
of N,N’-dibenzylalkylenediamines was investigated
next, and the activities of these compounds are com-
pared in Table IV. A moderate increase in activity is
obtained when the ethylene moiety of DBED is homol-
ogated. With compound 42, containing the irans-
cyclohexanebis(methylamine) moiety a dramatic in-
crease in activity is observed (459, inhibition at 1 X
10-6 3), being about 100 times more potent than
DBED itself. Subsequent extensive modification of
this compound has led to the development of trans-1,4-
his(2-chlorobenzylaminomethyl)cyclohexane.4 ¢

We do not assign the singular activity of compound
42 solely to its unique internitrogen distance of 7.42 A.
The figures shown in Table IV refer to mazimum inter-
nitrogen distances; those obtained with the most elon-
gated conformations. Compound 42, however, con-
tains a cyclohexane ring of restricted conformational
flexibility and, as a result, also possesses a minimum in-
ternitrogen distance of 6.90 A. Some of the flexible
acyclic analogs, e.g., 39-41, should be capable of as-
suming, at an enzyme surface, conformations with inter-
nitrogen distances within the range of 6.90-7.42 A.
However, the relative inactivity of these acyclic analogs
with respect to 42 suggests either that they are inca-
pable of assuming such conformations or, more likely,
that there is some other feature of 42 which acecounts for
its striking activity.

We consider that the activity of this series of com-
pounds is due to the formation of an enzyme-inhibitor
complex involving ion-pair formation between the nitro-
gens and anionic sites on an enzyme surface (or sur-
faces). While the distance between these anionic sites
is undoubtedly unique and therefore the internitrogen
distance of the inhibitor will be of considerable impor-
tance, we suggest that a most important part of the
binding force between enzyme and inhibitor is provided
by van der Waals attraction between the hydrocarbon
moiety of the internitrogen area of the inhibitor and a
conplementary lipophilic region on the enzyme surface;
such van der Waals forces are seen as being much
stronger with 42 which contains a bulky cyclohexane
ring, than with the acyclic analogs.

Although the results in vitro show that DBED and
many of its close structural analogs are moderately
potent inhibitors of hepatic cholesterogenesis, it cannot
be taken for granted that these agents will be effective
in lowering serum sterols in intact animals.’® Poor
absorption, rapid excretion, and rapid catabolism to in-
active metabolites are factors which singly, or in com-

(18) D. Steinberg in ‘‘Advances in Pharmacology,” Vol. I, 8. Garrattini
and P. A. Shore, Ed., Academic Press Inc,, New York, N, Y., 1962, p. 83,
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TABLE V
Errect or DBED 1x NEpHROTIC HYPERCHLOLESTEROLEMIC
Rars
Dose
of
DBED, Total sterols, mg./100 ml. %
mg./kg., serum == S.E. reduc-
s.c.® Controls Treated tion Significance
40 696 += 46 616 = 26 11 None
60 732 & 58 587 =+ 57 20 0.06 <P <0.10
80 605 = 56 369 £ 45 39 P <0.10

¢ Eight animals were used in each test group.

TasLe VI
CoMpraRrIsON oF THE ErrecTt oF DBED 0N CHOLESTEROL
Brosy~NTHEsIS FROM MEVALONATE-2-C4 AXD ITs EFFECT ON
THE ENzZYME A7-REDUCTASE

— 7, inhibition
DBED, Mevalonate- 7-Dehydro-
final conen. 2-Cus cholesterol
1.0 X 102 M 93 100
1.0 X 10 M 32 40

bination, can act to keep DBED levels below those re-
quired for effective cholesterol biosynthesis inhibition
and the subsequent lowering effect on serum cholesterol.
In rats rendered nephrotic and hypercholesterolemic by
administration of the aminonucleoside of purcmyein,
DBED caused a significant reduction (¢f. Table V) in
serum sterol levels at the 60 and 80 mg./kg. doses,
these being 20 and 399, respectively, Inasmuch as the
LDy 0of DBED is about 110 mg. /kg.,*® the doses causing
reductions of serum sterols are rather high. Even at
this high dosage schedule no hypocholesterolemic effect
was observed in normal rats.

While DBED has been the key to the development of
trans-1,4-bis(2-chlorobenzylaminomethyl)eyclohexane, a
very potent, orally active inhibitor of cholesterol bio-
synthesis that prevents the conversion of 7-dehydro-
cholesterol to cholesterol, it remained to show that
DBED itself belongs to the same class of inhibitors.
FExperimental data presented in Table VI indicate that
the degree of inhibition of cholesterol formation from
mevalonate-2-C!4, caused by DBED, parallels very
closely its blockage of the hepatic A’-reductase enzyme.
Thus, it appears that the over-all inhibitory effect of
DBED on hepatic cholesterogenesis from mevalonate is
accounted for by its interference with the conversion of
7-dehydrocholesterol to cholesterol.

Under our experimental conditions the substrate con-
centration was 4 X 10~* }{ final and had we employed
the DBED salt of mevalonate-2-C'* our controls would
have been inhibited to the extent of about 809. \lost
workers employing the commercially available DBED
salt of mevalonate-2-C!¢ convert it to the potassium
salt prior to incubation. Thus, an earlier discovery of
the inhibitory effect of DBED on the bicsynthesis of
cholesterol was not forthcoming. On the other hand,
at doses of 1 X 10—¢ M final, or less, the DBED salt of
mevalonate-2-C* could be used directly in the incuba-
tion medium and the slight inhibiticn resulting would
most likely escape detection.
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(19) J. Seifter, J. M. Glassman, A. J. Begany. and A. Blumenthal, Anfi-
biot. Chemotherapy, 1, 504 (1951).



