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(0.10 Inole) of 1 -( 2-die thylaniinoe t hyl)-2-( 1 -phenyl-2-propyl)- 
hydrazine (X)  in 500 ml. of 1 S hydrochloric acid was boiled 
under reflux for 15 hr. After cooling to room temperature, the 
orange-brown reaction mixture was extracted tivire with 250 nil. 
portions of ether (extract A).  The aqueous l a j w  wis then 
treated with 50 nil. of 50:; sodium liydroxide solution and the 
alkaline mixture was again extracted tv-ice with 250-nil. portions 
of ether (extra(+ B). Subsequent addition ( i f  'LOO g. of solitt 
sodium hydroxide (cooling) and extraction gave a third ether 
solution (extract C). Each of the ether extracats was dried over 
anhydrous potassium carbonate, and the et>lier removed through 
a short Vigreux column to give residues A,  13, and C'. 

Residue A weighed 0.5 g.; vapnr phase c'1irorii:itogrnphy~~ iri- 
dicated thabphenylacetone \vas t,he major compone~it. 

Residue B weighed 15.4 g.; vapor phase chroni:ttogr:11)h.\-23 in- 
dirated that amphetamine was t>tit: major c,trnstituent. .4 por- 
tion (14.9 g.) was distilled in imrio through a short 1-igreux cdumn 
to give 10.3 g. (78%) of a colorless liquid, b.p. 82-87' (13 mni.). 
This material was shown to be identird with :in authentic 
sample of dl-amphetamine by comparison of their infrared 
absorption spectra and their suc*chate salts. 11i.p. :ind mixture 
1n.p. 161-163". 

Residue C weighed 3.3 g.; vapor phase chro~rintography~~ ill- 

dicated that 2-diethylaminoethylamine !vas probably the niajor 
cornporient. Distillation a t  atmospheric, pressure gave 0.74 g. 
of a colorless liquid which was shoivn to  he identirul with aii 
authentic sample of 2-diethylaminoetti~lnniine by cwniparison 
of their infrared a,bsorption spectra and their picrate salts, ni.1). 
and mixture m.p. 209-211". 

Anal. Calcd. for C~H~~N~.%CGH~~S():: c, 37.63; H, 3.86; 
S,  19.51. Found: C,37.9"; H,3.93; S, 19.51. 

Treatment of 1-(2-Diethylaminoethyl)-2-(l-phenyl-2-propyl)- 
hydrazine ( X )  with Sodium Hydroxide.-A solution of 24.9 g. 
(0.1 0 mole) nf 1-(2-diethylaminoethyl)-2-( l-plienyl-2-propyIj- 
tiydr:tzine (S) i n  ii mixture of 250 nil. of 1 S sodium Iiytlrosid(. 
eolutiori and 250 nil. of methanol was boiled under reflux for It i  
hr. During t h e  last 2 hr. of heating, 275 nil. of solvc,nt ~v: is  r(t- 
nioved :if :itnioepherio pressure. The orange-broivn rr:rction 
mixtiire \ v m  c*ooled :tnd estrnrted with t,wo 250-nil. portions of 
cthrr. The i,onibined ether ertrarts \yere dried over t~ntiydr~iiis 
iiotassiurn oarhonatr, the drying agent \vas ( >  

c,ther wns removed through :i short J'igreus volu 
(1'3.2 y.) was distilled in z'ur'uo to give 17.4 g. 
>,ellon- liquid, h.p.  i S - - 8 3 "  CO.08 mni.) which wits 
starting niatcri:il. 
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Agents Affecting Lipid Metabolism. VIII. 
N,N'-Dibenzylethylenediamine, the Key to a Novel 

Class of Cholesterol Biosynthesis Inhibitors' 

A number of mevaloiiic acid analogs and their N,S'-dibenzylethyleriedianiine ( DBED) salts have been tested 
for their effecat on the incvporation of nievalonate-2-C11 into cholesterol by rat liver homogenates. In contrast 
to the mevalonic acid analogs, their I)BE1> salts exhibited an inhibitory property which was found to reside in 
IIBEII itself. The site of action of DBEI) is a t  the level of the conversion of 7-dehydrocholesterol to cholesterol. 
DBED was moderately effective in lowering serum sterols in hypercholesterolemic rats. Molecular iriodific~~- 
tions of DBED have resulted in comoounds of increased potency, showing activity, in vitro,  a t  a concentration 
of 1 x 10-6111. 

In a previous publication2 we report,ed the synthesis 
of a series of mevalonic acid analogs. Most of these 
aiialogs were oils and it was found convenient to charac- 
terize them as solid derivatives. For the purification 
and charaeterizatioii of synthetic nievalonic acid itself, 
the salt with N,S'-dibeiizylethylenediamine (DBEI)) 
was einployed and, consequently, this dianiiiie was also 
our choice for the preparation of erystalliiie salts of our 
mevalonic acid analogs. 

In  due course, it  was discovered that, in contrast to 
the mevalonic acid aiialogs, their salts with DBED in- 
hibited the incorporation of iiicvalonate-2-C14 int'o 
cholesterol by rat liver hoiiiogenates and, quite uiiex- 

(1, (a) Presented before tile Division of Medicinal Chemistry, 147th 
Sat ional  Meeting of the American Chemical Society, Philadelphia, Pa. ,  
April 6-10, 1964; (b) par t  VII :  D. Dvornik, 31. Kraml, and J. Dubuc. 
Proc. SOC. Expti. B i d .  M e d . ,  113 (1964), in press; 

( 2 )  L. G. I iumber ,  11. Kraml,  J. Dubuc, and R. Gaudry,  J .  M e d .  Chem.. 6 ,  
210 (106:<). 

( 3 )  C. H. Hoffman,  A. F. Wagner, A. S. JVilson. E. T a l t o n ,  C. Phunh, 
1). E. Wolf, F. W. Holly, and I<. Folkers, J .  A m .  Chem. Soc., 19 ,  2316 (1987). 

for par t  VI, see ref. 5 .  

pectedly, we found that the inhibitory activity r e d d  
in  DBED itself. These results led us to investigate 
various analogs, homologs, and derivatives of DBEIl 
for their ability to inhibit cholesterol hiosynthesiq. 
DBED itself has also been studied i n  i i i o  with respect to 
its effects on rat serum sterol levels. 

The discovery of the inhibitory effect of DBED 0 1 1  

hepatic cholesterogeiiesis has eventually led to the syn- 
thesis of t~ans-l,4-bis(2-chlorobenzylanzinomethyl)cy- 
clohexane dihydrochloride, a representative of a novcl 
class of cholesterol biosynthesis inhibitors5 which acts 
by interfering with the coiiversiori of 7-dehydroclio- 
lesterol to cholesterol.6 Thus, we have also studied thc 
effect in vitro of DBED on the metabolism of 7-dehpdro- 
cholesterol. These results form the basis of this report. 

(4) L. G. Humber, Belgian Patent  627,610 (1903) ,  Deraen t  lielc.lan 

( 5 )  C. Chappel J. Dubuc 1). Uiornih,  ill. Girner  I, I f u r n b r i  AI I \ ~ n n i l  

(I,) D. D5ornik 11. Iirnnil, J. Dubuc, 11. Gibner, arid 11 ( x n u d n  .I l m  

Patent  Report  30 fl9b.3). 

I<. Voith and R. Gaiidry, iVature 801, 497 (19A4) 

('hem. SOC., 86, 3300 (l9G'ii. 
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Experimental' 
The compounds investigated are listed in Tables I to IV. 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 '-benzylideneethy1enediamine.-N-Benzoyl- 
ethylenediamine* (10.0 9.) 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. Calcd. for CI&&O: C, 76.15; H, 6.39; N, 11.10. 
Found: C, 75.77; H, 6.51; N, 10.58. 

N-Benzoyl-N '-benzylethy1enediamine.-N-Benzoyl-N'-ben- 
zylideneethylenediamine (4.3 g.), dissolved in ethanol (80 ml.), was 
hydrogenated a t  atmospheric pressure and a t  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 preparedand 
crystallized from 2-propanol, m.p. 206-208". 

Anal. Calcd. for Cl6HI9C1N20: C1, 12.19; N, 9.63. Found: 
C1, 12.04; N, 9.55. 

N.N'-Di( .o-~henvlbenzv1)ethvlenediamine.-.o-Phenvlbenz- _ .  - 
aldehydeg (9.l'g.j 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 : l )  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. Calcd. for C25H~sN?: C, 85.65, H, 7.19; 3, 7.14. 
Found: C, 85.33, H, 7.40; N, 7.01. 

N,N'-Bis( 2-hydroxyethy1)-N,N'-dibenzylethy1enediamine.- 
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 10% 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 
a t  187-191'. 

Anal. Calcd. for C20H&lJV202: C1, 17.66. Found: C1, 
17.75. 

N-( 2-Benzylaminoethyl)-1,2,3,4-tetrahydroisoquinoline.- 
N-(2-Chloroethyl)-l,2,3,4-tetrahydroisoquinoline hydrochloride 
(23.2 g.), prepared by the action of thionyl chloride on the cor- 
responding alcoho1,IO and benzylamine (21.4 g.) were combined 
and heated at  100' for 12 hr. The reaction mixture was made 
alkaline with l5Y0 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. Cdcd. for C,RH2&12N2: C1, 20.90: N, 8.26. Found: , .  .. ~. ~ ~ 

C1, 20.75; N ,  8.18. 
N-Benzyl-N '-( 1 -naphthyl )ethylenediamine.-N-( 1-Naphthyl)- 

ethvlenediamine 19.3 E., 0.05 mole) and benzaldehyde (5.3 E., 
0.05 mole) were converted to  the Schiff base in benzene (100 mi.) 
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. Calcd. for C19H?1C1N2: C1, 11.33; N, 8.95. Found: 
C1, 11.44; N, 8.90. 
N,N'-Dibenzyl-l,I-butanediamine.-l,2-Dibromobutane (21.6 

9.) 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. Calcd. for ClsHzsClzNz: C1, 20.78; N, 8.18. Found: 
C1, 20.92; N, 8.37. 

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

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

(8) F. C. Schaeffer, J .  A m .  Chem. SOC.. 77 ,  5922 (1955). 
(9) G. Cavallini and E. Mazzarani, Italian Patent  600,214 (1959); 

(10) B. Belleau. J .  .&fed. Pharm. Chem., 1, 343 (1959) (p. 350). 

are corrected. 

Chem. 
Abstr.,  56, 16486 (1961). 

trans-l,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 produrt as an oil in 7570 yield. The 
dihydrochloride was crystallized from dilute ethanol and melted 
at  358' dec. 

Anal. Calcd. for C22H32CldN2: C1, 17.93; N, 7.08. Found: 
C1, 18.05; N, 7.12. 
N.N'-Dibenzvl-l.7-heotanediamine.-l.7-He~tanediamine (5.2 

g.) and benzaldehyde ( i . 0  gm.) in benzene (160 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. Calcd. for Ca1H32C12N2: C1, 18.49; N, 7.31. Found: 
C1, 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-C14 into cholesterol by rat liver homogenate5 was estimated 
as previously described.II 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 puromycin aminonucleoside.12 The 
ability of DBED to antagonize this hypercholesterolemia formed 
the basis of the in vivo test.I3 Total sterol levels14 expressed as 
cholesterol are presented in Table V. 

C. Site of Inhibition.-Experiments were undertaken t o  
localize the site of inhibition of cholesterol biogenesis by in vitro 
techniques. Inasmuch as trans-l,Cbis( 2- chlorobenzylamino- 
methy1)cyclohexane has been shown to inhibit the enzyme 7- 
dehydrocholesterol-A7-reductase,6 the effect of DBED on this 
enzyme was also examined. The Ai-reductase activity was as- 
sayed by the procedure of Kandutsch,l5 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 a t  
3000 r.p.m. for 10 min.), glucose 6-phosphste dehydrogenase (1 
unit in 0.1 ml. of water; 1 unit will reduce 1 pmole of TPN/min. 
a t  pH 7.4 and 25'; obtained from Sigma Chemical Co., St. 
Louis, Missouri), 80 pmoles of niacinamide, 4 pmoles of TPN, 
44 @moles of glucose 6-phosphate, and 2.4 pmoles 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 a t  281.5 mp1611i using a Beck- 
man DK-1 spectrophotometer. The effects of DBED on A'- 
reductase and on the incorporation of mevalonate-2-C14 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-Ci4 in vitro are presented in Tables I to IV. In 
contrast to the mevalonic acid analogs, their N,S'-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 a t  a final con- 
centration of 1 X M, DBED dihydrochloride (7) 
completely blocked the forniation of cholesterol from 
mevalonate. The discovery of such an inhibitory prop- 
erty in DBED appeared to  be unique and has 

(11) L. G. Humber. hI. Kraml, and J. Dubuo, Blochem. Pharmacol., 11, 
755 (1962). 

(12) S. Frenk I. hntonouicz,  J. M. Craig, and J. Metcoff, Proc. SOC. 
Ezptl. E d .  M e d . ,  89, 424 (1955). 

(13) P. Xorand .  J. Baeli, RI .  Kraml, and J. Dubuc, J .  .Wed. Chem., 7 ,  
504 (1964). This t e s t  uas performed under the  direction of Dr. C. Chap- 
pel. 

(14) S. Pearson, S. Stern and T. H. McGavack, Anal. Chem., 26, 813 
(1953). 

(15) A. A. Kandutsch, J .  Bzol. Chem., '237, 358 (1962). 
(16) L. Dorfman,  Chem. Rex., 63, 47 (1953). 
(17) E. I. Mercer and J. Glo\er, Bzochem. J., 80, L52 (1961). 
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'1 ('oriiinercially :rvailabie. Obtained through the cvurtesy 
c S, C. Dicker- 

S w  
of 1)r. A .  Langis, Ayerst Research Laboratories. 
III:III nntl A ,  J. Resozzi, J .  O q .  fs'heru,t 19, 1855 (1954). 
ref. s. 

proiiiptcd 11s to investigatc tht. chsciitial stri ictiml ira- 
t i w s  associated with this type of activity so as to enahl(. 
i i i  to desigii a coinpound of increased activity. 

'I'hc conipounds listed i l l  Table I1 comprise a series 
oi uiisubstituted or monosubstituted alkyleiiedianiiiies. 
Coiiipounds containing two priilmry ainino groups (thr 
iuisubstituted alkylenediaiiiiiies 8, 9, and 10) are in- 
active> a t  1 X lo-? 3 / .  Soinc. of the  conipounds Trith 
oiic priinary and oiie secondary aiiiino group are activc. 
others inactive at 1 X lo-' 11. Solie of the conipounds 
listed i n  Table I1 approaches the level of activity found 
for DBED. The ability of ai1 alkyleiiedianiiiie to  re- 
tain as high ail effect on hepatic cholesterogenesis as 
obtained with DBED, appears t o  he associated with the 
presence of at least one substituent on each nitrogen. 

The effects of a series of additional structural modi- 
fications i n  a group of ethvlciicdiaiiiiiies coiitaiiiiiig at 
1e:iyf oi i (> substituent 0 1 1  cach iiiti-ogcn n c r ~  i i i r m t i -  

'4 lleitsuretl o i l  1)reiding n~otlels. 'J ()btailietl tllriiugli t l i e  
courtesy of i\'peth Ihoratories:  this compound was tested :is 
the diamtate salt. c' The free base has been previously reported: 
S. Yabnta aiid If. Ikeda, Japanese Patent 3480 (1954): ( ' h ~ r ~ .  
-lbsLr., 50, 107.5 [ 1956). The dihydrochloride has r1i.p. :<I2 
:314". .InuZ. Calid. for ClsH2sC12Na: C1, 20.77. Found: ( ' 1 .  
20 .X .  The diacetate salt has been previously reported (set. 
footnote e , ' )  The tiihydrorhloride has imp. 322-328". . In i l l .  
Cttlcd. for (',9HysCI,S.: C1, 19.96. Found: C1, 19.82. ' .I. I , .  
Szabo and IT. E-. Bruve, s. Patent 2,739,981 (lf:irc7h 27, I % ( i J :  
( ' h e m ,  .tbstr., 60, l(j850 (19563. f See Experimental swiioii. 

gated Iiext. 
When the substituents are sniall alkyl groups (21, 22, 
and 23), the compounds are inactive a t  1 X 10 *I / ;  
w h m  they arc large aralkyl groups, e.g., bciizhydryl aiicl 
p-phciiylbc~lizyl (24 a i d  25), the resulting (~oiiipoiiiidi 

art' I P W  activo than IIBED itself. 

'l'hehe compouiids are shon-n ill Table 11 1 
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The effect of reducing the basicity of the nitrogen in 
a series of N,S'-disubstituted ethylenediamines was 
also investigated. When one or b9th nitrogens are 
rendered nonbasic, e.g., in an amide or Schiff base link- 
age, the resiiltant 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. 

.2lkyl 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 a series 
of K,S'-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 trans- 
cyclohexanebis(methy1amine) moiety a dramatic in- 
crease in activity is observed (45y0 inhibition a t  1 X 

X ) ,  being about 100 tinies more potent than 
DBED itself. Subsequent extensive modification of 
this compound has led to the development of trans-1,4- 
his (2-chloroben~ylaniinomethyl)cyclohexane.4-6 

We do not assign the singular activity of compound 
42 solely to its unique internitrogen distance of 7.42 8. 
The figures shown in Table IV refer to maximum 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- 
sumiiig, a t  an enzynie surface, conformations with inteT- 
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 accounts for 
its striking activity. 

We consider that  the activity of this series of coni- 
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 
complementary lipophilic region on the enzyme surface; 
such van der Waals forces are seen as being niuch 
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.'S 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, S. Garrattini 
and 1'. 4. 9 h r e  lld. .lcademic Press Inc., Ne- Tork, S. Y., 1962, p. 83. 

TABLE V 
EFFECT OF DBED IS SEPHROTIC HYPERCHLOLESTEROLEMIC 

RATS 
Dose 

Of 

D R E D ,  Total  sterols, mg./100 ml. % 
mg.,'kg. I serum zt S.E. reduc- 

s . c . ~  Controls Treated tion Significance 

40 696 & 46 616 i 26 11 Sone  
60 732 f 58 587 zt 57 20 0 05 < P  < 0  10 
80 605 i 56 369 i 45 39 P < 0 1 0  

Q Eight animals were used in each test group. 

TABLE VI  
COMPARISON OF THE EFFECT OF DBED ox CHOLESTEROL 

BIOSYNTHESIS FROM >fEVALOSATE-2-C14 AR'D ITS EFFECT O S  

THE ENZYME A'-REDUCTASE 

--'% inhibition- 
DRED,  hIevalonate- 7-Dehydro- 

final concn. 2-C'i cholesterol 

1.0 x 1 0 - 3 ~  93 100 
1.0 x 10-4 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. 
I n  rats rendered nephrotic and hypercholesteroleinic by 
administration of the aminonucleoside of purcmycin, 
DBED caused a significant reduction (cf. Table V) in 
serum sterol levels a t  the 60 and 80 mg./kg. doses, 
these being 20 and 39%, respectively. Inasmuch as the 
LD50 of DBED is about 110 mg./kg.,19 the doses causing 
reductions of serum sterols are rather high. Even a t  
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-chlorobenzylaniinoniethyl)cyclohexane, 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. 
Experimental data presented in Table T T I  indicate that 
the degree of inhibition of cholesterol formation froin 
nie~alonate-2-C'~, 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 llP final and had we employed 
the DBED salt of nievalonate-2-C14 our controls would 
have been inhibited to the extent of about 80%. Xost 
workers employing the commercially available DBED 
salt of mevalonate-2-C14 convert it to the potassium 
salt prior to incubation. Thus, an earlier discovery of 
the inhibitory effect of DBED on the biosynthesis of 
cholesterol was not forthcoming. On the other hand, 
a t  doses of 1 x JI final, or less, the DBED salt of 
mevalonate-2-C14 could be used directly in the incuba- 
tion medium and the slight inhibiticn resulting would 
most likely escape detection. 
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