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Several 2-(3-aminopropyl)-l,l-dialkylhydrazines (IIIa-d, Table I )  were prepared by reduction of the appro- 
priate 3-(2,2-dialkylhydrazino)propionitriles (IIa-d) with lithium aluminum hydride. Treatment of various di- 
alkylaminoalkyl chlorides with excess hydrazine gave the corresponding (dialkylaminoalky1)hydrazines IIV, 
Table 11) as the preponderant products; small amounts of the 1,l-bis( dialkylaminoalky1)hydrazines (V, Table 
111) were isolated from high boiling fractions of t,he larger-scale runs. Condensation of IV, V, and 1,4-diamino- 
piperazine with various aldehydes and ketones gave the corresponding dialkylaminoalkylhydraxones (VI, \TI, 
Tables IV, V), which were reduced with lithium aluminum hydride to the appropriate 1-( dialkylaminoalky1)-2- 
(1-phenyl-2-propy1)hydrazines (VII, Table VI), 1-substituted-2-( 2-diethylaminoethy1)hydrazines (Table VII),  
and 1,4bis(phenylalkylamino)piperazines ( IX,  Table VIII). Upon acid treatment, l-(Z-diethylaminoethyl)-2- 
( 1-phenyl-2-propy1)hydrazine ( X )  undergoes a unique scission of the nitrogen-nitrogen bond to give amphet- 
amine (XI I )  in good yield. A summary of the biological properties 
of the aminoalkylhydrazines is presented. 

Details of this novel reaction are discussed. 

Interest in the synthesis of aminoalkylhydrazines 
was evidenced as early as 1925 when Sommer and co- 
workers' reported the synthesis of l-hydrazino-2- 
aminoethane from ethylenediamine and hydroxyl- 
amine-0-sulfonic acid. I n  recent years research on 
related compounds has skyrocketed,2-20 sparked in 
part by reports of the usefulness of isoniazid, nitro- 
furantoin, iproniazid, phenelzine, (1-phenyl-2-propyl)- 
hydrazine, and analogous materials in medicine. Dur- 
ing the past decade we have prepared a variety of novel 
aminoalkylhydrazines for biological evaluation and 
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for use as synthetic intermediates, many of which 
are the subject of this report. 

The addition of acrylonitrile to 1,l-dimethylhydra- 
zine (Ia) utilizing the procedure of Hinman and 
Rosene21 gave 3-(2,2-dimethylhydrazino)propionitrile 
(IIa) as a colorless liquid, b.p. 54-55' (0.6 mm.), 
1.4387 (lit.21 b.p. 80-90' (3 mm.), T L ~ ~ D  1.441), in 
yields from 53 to 56% in three runs. The addition 
of acrylonitrile to 1,l-diethylhydrazine (Ib), l-amino- 
RlRzNKH2 + CH,=CHCN + 

I LiAlH4 
RiR2NXHCHzCH2CN 4 R ~ R ~ N S H ( C H ~ ) J ~ H H ~  

I1 I11 

piperidine (IC), and 1-amino-4-methylpiperazine (Id) 
afforded 3-(2,2-diethylhydrazino)propionitrile (IIb), 
3-( 1-piperidinoamino)propionitrile (IIc), and 3-(4- 
methyl-1-piperaziny1amino)propionitrile (IId), respec- 
tively. The hygroscopic nitriles were difficult to 
analyze and in most instances were not completely 
characterized, but following distillation were reduced 
to the corresponding amines I11 (1-4, Table I) with 
lithium aluminum hydride in anhydrous ether. Com- 
pound IId was characterized by formation of 3 - ( p -  
butoxyphenyl) - 1 - (2-cyanoet hyl) - 1 - (4-met hyl - 1 - pipera- 
zinyl)-2-thiourea upon heating with p-butoxyphenyl- 
isot hiocyanate. 

The condensation of hydrazine with alkyl halides 
usually gives a mixture of monoalkyl and asymmetric 
dialkylhydrazines.22 With long chain alkyl chlorides, 

(21) R .  L. Hinnian and J. Rosene, J Org.  Chem., 21, 1539 (1956). 
(22)  C. C. Clark, "Hydrazine," Mathieson Chemical Corp.. Baltimore, 

h ld . ,  1953, p. 30. 



a largc e x ( ~ s 3  ( 5  moles) of liydiamie aiid comparatively 
lair temperatures ( 100-1?0') favor thc formation oi 
moiioalkylhydraziiics, whilc a %mallei ~ s c e ~ s  of Iiy- 
diaziiic. ( 2  moles) aiid higher temperatures (160- 170') 
givci nioi'c of thc) uiisymmetiical dialkylhydraziiie L? 
VIP I cwly availability of a varicity of dialkylamiiio- 
alkyl lialidc+ pi3ompttd 114 to iii\-r%tigatcA the prc'pai a- 
tioii of (dialkylaniiiioalkyl~liydiaziiic~ f 1'0111 t l iew 
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€I(latiiig \.ai 1011s dialkylaniiiioalkyl chloride. I\ it11 a 
.i 4 niolc ("x- oi aqueous hydraziiii. i i i  the pi esencc. 

pota*siuin carboiiatc at 100' gave thc cor1 espoiidiiig 
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satioii of 2-chlorotricthylariiic with inethylhydraziiic. 
gave 1-(%diethylaminoethyl) - 1 -niethylhydraeiiie ii  i 

74% yield. Subsequent to the iiiitiatioii of our woik, 
the synthesis of (Zdimethylamiiioethyl)hydrazinr, 
(2-diethylaminoethyl)hydraziiic, aiid l,l-bis(2-diethyl- 
aniiiioethyl) hydraziiie by similar procedures has hceii 
reported iiidepeiideiitly. 

The (dialkylaniiiioalky1)liydraziiieh (I\*) aiid 1,l- 
l)ii(dialkq.lamiiioaIkyl)hydraziiiei (Y) w i  (' alloircd to  
rcwt with pheiiylacetoiic iii hcwmic or toluciie to  givo 
tlie cwiimpoiidiiig phenyl-2-propaiioiie dialkylamiiio- 
alkylhydrazoiies (17, 'I'ahlc IT7). Similarly, varioub 
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decomposition had occurred, the main peak was 
trapped2$ and rechr~matographed.~~ The infrared 
spectrum of the trapped material proved to be identical 
with the spectrum of the starting material, and a gas 
chromatogram of the trapped material exhibited a 
similar complex pattern. When lower temperatures 
were used, less but significant decomposition occurred. 
Gas chromatograms of 2-diethylaminoethylhydrazine 
(9) 1 - (3-die t hylaminopropyl) -2- ( 1 -phenyl-a-pro- 
py1)hydrazine (42) also exhibited complex patterns 
indicative of extensive decomposition. 26 

In most instances pharmacological studies were 
carried out with the aminoalkylhydrazine free bases. 
Following preliminary reports that  1,4-bis [ l-phenyl-2- 
propylaminolpiperazine (55) and 1-(2-diethylamino- 
ethyl)-2-(1-phenyl-2-propyl)hydrazine (X) exhibited 
interesting pharmacological properties, efforts were 
made to prepare solid, water-soluble salts of these 
bases. Although 1,4-bis [ 1-phenyl-2-propylamino ]- 
piperazine formed stable, solid acid addition salts, 
numerous attempts to prepare salts of X with a variety 
of organic and inorganic acids gave only sticky semi- 
solids. However, when hot acetone solutions contain- 
ing hydrazine X and succinic acid mere combined, a 
colorless crystalline solid, m.p. 155-157', separated in 
low yield. Successive crystallizations from acetone 
and acetonitrile raised the melting point to 162-163'. 
Surprisingly, the salt did not analyze correctly for a 
succinate salt of 1-(2-diethylaminoethy1)-2-(l-phenyl- 
%propyl) hydrazine (X), but microanalytical results 
were in excellent agreement with calculated values for 
amphetamine succinate. Indeed, the salt was shown 
to be identical with an authentic sample of dl-amphet- 
amine succinate by comparison of their infrared ab- 
sorption spectra, melting points, and mixture melting 
points. Obviously, a unique scission of the nitrogen- 
nitrogen bond had occurred. 

Subsequently, X was converted to dl-amphetamine 
(XII) in 78% yield upon heating with 1 N hydrochloric 

and 

(CZHj)JV( CHZ)?NHNHCHCHzCeHS + 
I 

X CHI 

(CzHS),N(CH,),NH, + HqSCHCH2CGHj 

XI CH, 
XI1 

1 

acid for 15 hr. 2-Diethylaminoethylamine (XI) was 
also isolated from the reaction mixture, although the 
recovery was poor. I n  contrast, 1-alkyl- or l-aralkyl- 
2- (1 -p henyl-2-prop yl) hydrazine salts, 27, 28 1 -met hyl-4- ( 1 - 
phenyl-2-propy1amino)piperazine (38), and 1,4-bis- 
[ 1-phenyl-2-propylamino ]piperazine (55) are stable 
in an acid environment. These findings, together 
with the observation that X is stable when boiled with 
sodium hydroxide in aqueous methanol (see Experi- 
mental section), suggest that  the cleavage reaction 
is dependent on the proximity of the protonated tertiary 
amine to the hydrazine function, and possibly is as- 
sociated with the formation of a cyclic intermediate. 
To our knowledge, this is the first published report of 
an acid-induced scission of the nitrogen-nitrogen 
bond of a symmetrical dialkylhydrazine compound, 

(26) Same conditions as footnote 23, except column w a s  packed w i t h  5 %  
XE-60 

(27)  J .  Biel, U S Pa ten t  3,000 903 (Sept 19, 1961) 
( 2 8 )  Lrtkeaide Laboratories, British Patent 8b.3,158 (March 1 5 ,  1901) 
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mon0hydrate4~ and 800 nil. of water was slowly added a t  room 
temperature over a period of 2 hr. with vigorous mechanical 
stirring 688 g. (4.0 moles) of 2-chlorotriethylamine hydrochlo- 
ridc43 Initially, the reaction was very exothermic. After the 
addition was complete, 280 g. of anhydrous potassium carbonate 
was added and the mixture was stirred and boiled under reflux 
for 7 hr. Upon cooling, the reaction mixture was made strongly 
alkaline by the cautious portionwise addition of 1500 g. of solid 
sodium hydroxide. The mixture was extracted with two 2-1. 
portions of ether and the combined ether extracts were dried 
over solid potassium hydroxide. The ether was removed on a 
steam bath and the residue distilled (water aspirator) through a 
30 cm. Vigreux column. The desired (2-diethylaminoethyl)- 
hydrazine was obtained as a colorless liquid, b.p. 76-77" (7 mm.), 
n% 1.4574; yield, 308 g. (59%). Distillation of the residue 
under high vacuum gave 28 g. (6y0) of l,l-bis(2-diethylaniino- 
ethy1)hydrazine as a colorless liquid, b.p. 89-70' (0.1 mm.), 
n Z 5 ~  1.4597. 

Preparation of Phenyl-Z-propanone Dialkylaminoalkylhydra- 
zones (VI, Table IV)  and Miscellaneous Ketone (2-Diethyl- 
aminoethy1)hydrazones (Table V).-A mixture of 201 g. (1.5 
moles) of phenylacetone, 196 g. (1.5 moles) of (2-diethylamino- 
ethyl)hydrazine, and 1.5 1. of anhydrous benzene was boiled under 
reflux for 4 hr. The water formed was removed through a 
Dean-Stark water separator. The benzene T V ~ B  removed and 
the residue distilled in aacuo through a 22 em. Vigreux column. 
Phenyl-2-propanone 2-diethylaminoethylhydrazone was ob- 
tained as a yellow liquid, b.p. 95-97' (0.05 mm.), n Z 5 ~  1.5140; 
yield, 345 g. (937,). 

Preparation of 1-( Dialkylaminoalkyl)-2-( 1-phenyl-%propyl)- 
hydrazines (VIII, Table VI)  and Miscellaneous 1-Substituted 2- 
(2-Diethylaminoethy1)hydrazines (Table VlI).-A solution of 
124 g. (0.50 mole) of phenyl-2-propanone 2-diethylaminoethyl- 
hydrazone in 2 1. of anhydrous ether was added dropwise over a 
period of 2 hr. to a slurry of 38 g. (1.0 mole) of lithium aluminum 
hydride in 1.5 1. of anhydrous ether. The mixture \Vas boiled 
under reflux with vigorous stirring for 8 hr., cooled, and de- 
composed by the cautious addition of 40 ml. of water followed 
by 30 ml. of 20CG aqueous sodium hydroxide and 140 ml. of 
~ a t e r . ~ 1  The precipitate was removed by filtration and dis- 
carded; t'he ether filtrate was concentrated to an oil. The 
crude 1-( 2-diet'hylaminoethyl)-2-( 1-phenyl-2-propy1)hydrazine 
was distilled twice t'hrough a 22 cm. Vigreux column under high 
vacuum giving a colorless liquid, b.p. 92-93' (0.05 mm.), n Z 6 ~  
1.5017, 66 g. (5372 yield). 

l-Methyl-4-( 1-phenyl-2-propy1ideneamino)piperazine Meth- 
iodide.--hIethyl iodide (28.4 g., 0.2 mole) was added a t  0" to a 
solution of 11.6 g. (0.05 mole) of l-methyl-4-( 1-phenyl-2-propyli- 
deneamino)piperazine in 25 ml. of acetone. The reaction mixture 
n-ae allowed to stand at  room temperature for 18 hr. and the color- 
less solid that separated was collected by filtration and crystal- 
lized from methanol-ether; yield, 8.0 g. (43%), m.p. 159- 
163". 

Anal. Calcd. for C,jH?JS3: C, 48.26: H ,  6.48; 3, 11.26; 
I, 34.00. Found: C, 48.26; H, 6.80; N, 11.29; I, 33.83. 

4- [2-(2-Diethylaminoethyl)hydrazinomethyl] pyridine.-A 
mixture of 66 g. (0.5 mole) of (2-diethylaminoethyl)hydrazine, 
54 g. (0.5 mole) of 4-pyridinealdehyde, and 250 ml. of dry ben- 
zene was boiled under reflux for 3 hr. and the water that  formed 
was removed by a Dean-Stark water separator. The benzene 
vias removed in z~acz~o and t,he residue was diluted with 500 inl. 
of anhydrous ether. The ether solution was added dropwise to 
a stirred suspension of 27 g. (0.75 mole) of lithium aluminum 
hydride in 1 1. of anhydrous ether. The mixture was boiled 
under reflux with stirring for 6 hr. and decomposed cautiously 
with water.41 The inorganic solids were collected by filtration 
and washed thoroughly with anhydrous ether. The combined 
ether filtrates were dried over anhydrous sodium sulfate, the 
drying agent was collected by filtration, and the ether was re- 
moved in vucuo. The residue was dist,illed in vacuo through a 
22 cm. Vigreux column giving a pale yellow liquid, b.p. 144- 
146' (0.6 mm.), nZ5D 1.5745; yield, 57 g. (517C). 

Anal. Calcd. for C U H Z Z S ~ :  C, 64.82; H, 9.98; S, 25.20. 
Found: C,64.74; H,9.21; N, 25.25. 

1,4-Bis( l-phenyl-2-propylideneamino)piperazine.-A mixture 
of 333 g. (2.48 moles) of phenylacetone, 144 g. (1.24 moles) of 

(42) AIinimum hydrazine content 5-1.47,, purchased from the Olin Mathie- 

(-13) Purchased f ru i i i  tlie 3licliignil Cl ie inicnl  Curl,.. St, Louis, AIicIi. 
son Chemical Corp., Baltimore, Md. 

1,4-diaminopiperazine, and 2 1. of toluene was boiled under 
reflux for 4 hr. and the water that  formed was removed through a 
Dean-Stark water separator. Volatile materials were removed 
in uacuo and the solid residue was washed thoroughly with 
petroleum ether (b.p. 3040'); yield, 401 g. (SO'%), m.p. 106- 
110O. A small sample was crystallized from 2-propanol to give 
pale yellow crystals, m.p. 108-113". 

Anal. Calcd. for C Z Z H ~ , ~ ~ .  C, 75.84; H, 8.10; S, 16.08. 
Found: C,75.62; H,7.99; N,16.20. 
1,4-Bis(benzylideneamino)piperazine.--ITtilizing the pro- 

cedure described above for the preparation of 1,4-bis( l-phenyl- 
2-prnpylideneamino)piperazine, 106 g. ( 1 .0 mole) of benzalde- 
hyde, and 76 g. (0.05 mole) of 1,4-diaminopiperazine dihydrate 
afforded 106 g. (73%) of 1,4-bis(benzylideneamino)piperazine, 
yellow crystals from chloroform, m.p. 211-213". 

Anal. Calcd. for C I ~ H ~ ~ P ; ~ :  C, 73.94; H, 6.90; N, 19.16. 
Found: C, 73.93; H ,  6.80; ?;, 19.63. 

Preparation of 1,4-Bis(phenylalkylamino)piperazines (1x1 
(Table VIII). Method 1.-A solution of 222 g. (0.64 mole) of 
1,4-bis( 1-phenyl-2-propy1ideneamino)piperazine in 2 1. of anhy- 
drous ether was slo\vly added to a slurry of 97 g. (2.56 moles) of 
lithium aluminum hydride in 1.5 1. of anhydrous ether and the 
mixture was allowed to stir a t  room temperature for 18 hr. 
Subsequently, the mixture was heated under reflux with stirring 
for 16 hr. and cautiously decomposed with 100 ml. of water, 
77' ml. of 20y0 aqueous sodium hydroxide, and 360 nil. of 
The inorganic precipitate was removed by filtration and washed 
with ether. The combined ether filtrates were concentrated to 
an oil whicah was distilled in z"xo through a 20 cm. Vigreux 
column. The product was thus obtained as a pale yellow liquid, 
b.p. 186-188" (0.5 mm.), n Z b  1.5432, 189 g. (837, yield). 

A portion of the oily liquid was dissolved in warm petroleum 
ether (b.p. 30-60") and crystallization was induced by scratching. 
Colorless crystals, m.p. 84-90", were thus 0btained(337~recovery); 
recrystallization from petroleum ether and ethanol raised the 
melting point to 92-94'. The initial petroleum ether filtrate 
was concentrated to a viscous oil which resisted attempts to 
induce crystallization. Both the solid and oily fractions analyzed 
correctly for the desired product, indicating that isomer separa- 
tion was occurring. A portion of the latter oily residue was dis- 
solved in anhydrous ether and the solution was treated with a 
solution of sulfuric acid in ether. The crude sulfate salt that  
precipitated was collected, dried and crystallized from dimethyl 
sulfoxide-water. 

The original oil obtained by distillat,ion was converted to the 
phosphate salt as follows: to a solution of 125 g. (0.356 mole) of 
the base in 2 I. of warm methanol was added slowly with stirring 
82.0 g. (0.712 mole) of 8 5 5  phosphoric acid. The solution 
thus obtained was filtered and the filtrate concentrated to 
dryness in uacuo. Trituration with anhydrous ether gave 173 
g. (887c), m.p. 197-201". 

Method 11.-A mixture of 13.7 g. (0.118 mole) of 1,4-diamino- 
piperazine, 25.3 g. (0.236 mole) of phenylacetaldehyde and 500 
ml. of benzene was boiled under reflux for 4 hr. and water was 
removed through a Dean-Stark water separator. Volatile 
materials were removed in uacw~ and the residue was dissolved in 
500 ml. of anhydrous ether. The ether solution of the crude 
hydrazone was added dropwise with stirring to a slurry of 18 g. 
(0.47 mole) of lithium aluminum hydride in 1 1. of anhydrous 
ether and the mixture was boiled under reflux n i th  stirring for 
16 hr. The mixture was decomposed cautiously with 18 ml. of 
water, 14 ml. of 207, aqueous sodium hydroxide, and 66 nil. of 
water, and filtered.41 The filtrate was evaporated to dryness and 
the crude product was crystallized from 2-propanol giving 6.7 g. 
(185%) of pale yellow crystals, m.p. 116-120'. 

Attempted Preparation of 1-(2-DiethylaminoethyI)-Z-( l-phen- 
yl-2-propy1)hydrazine Succinate.-Hot acetone solutions of 
2.8 g. (0,011 mole) of 1-(2-diethylaniinoethyl)-2-( l-phenyl-2- 
propy1)hydrazine (X) and 1.2 g. (0.01 mole) of succinic acid were 
mixed, heated for a short time, arid the rni\-ture \vas cooled. The 
crystalline precipitate tha t  separated was collected and dried 
in vacuo; i t  weighed 0.35 g., m.p. 155-157". Recrystallization 
from acetone and then acetonitrile raised the melting point to 
162-163", which was not depressed on admixture with an 
authentic sample of the succinic acid salt prepared from d2- 
amphetamine. 

Anal. Calcd. for C9Hl3?;.CIH6O4: C, 61.64; H, 7.56; s, 
5.55. Found: C,61.66; H,7.63: ?;,5.62. 

Treatment of I-(2-Diethylaminoethyl)-2-(l-phenyl-2-pr0p~I)- 
hydrazine ( X )  with Hydrochloric Acid.-A solution of 24.9 g. 
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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 er t rar ts  \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 
Sational Meeting of the American Chemical Society, Philadelphia, Pa. ,  
April 6-10, 1964; (b) part  VII :  D. Dvornik, 31. Kraml, and J. Dubuc. 
Proc. SOC. Expti. B i d .  M e d . ,  113 (1964), in press; 

( 2 )  L. G. Iiumber,  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 part  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) ,  Deraent  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. 


