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Several 2-(3-aminopropyl)-1,1-dialkylhydrazines (IITa-d, Table I) were prepared by reduction of the appro-

priate 3-(2,2-dialkylhydrazino)propionitriles (ITa-d) with lithium aluminum hydride.

Treatment of various di-

alkylaminoalkyl chlorides with excess hydrazine gave the corresponding (dialkylaminoalkyl)hvdrazines (IV,
Table II) as the preponderant products; small amounts of the 1,1-bis(dialkylaminoalkyl)hydrazines (V, Table

III) were isolated from high boiling fractions of the larger-scale runs.

Condensation of IV, V, and 1,4~-diamino-

piperazine with various aldehydes and ketones gave the corresponding dialkylaminoalkylhydrazones (VI, VII,
Tables IV, V), which were reduced with lithium aluminum hydride to the appropriate 1-(dialkylaminoalkyl)-2-
(1-phenyl-2-propyl)hydrazines (VII, Table VI), 1-substituted-2-(2-diethylaminoethyl)hydrazines (Table VII),

and 1,4-bis(phenylalkylamino)piperazines (IX, Table VIII).

Upon acid treatment, 1-(2-diethylaminoethyl)-2-

(1-phenyl-2-propyl)hydrazine (X) undergoes a unique scission of tlie nitrogen—nitrogen bond to give amphet-
aniine (XII) in good yield. Details of this novel reaction are discussed. A summary of the biological properties

of the aminoalkylhydrazines is presented.

Interest in the synthesis of aminoalkylhydrazines
was evidenced as early as 1925 when Sommer and co-
workers! reported the synthesis of 1-hydrazino-2-
aminoethane from ethylenediamine and hydroxyl-
amine-O-sulfonic acid. In recent years research on
related compounds has skyrocketed,?—2° 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 1,1-dimethylhydra-
zine (Ia) utilizing the procedure of Hinman and
Rosene?! gave 3-(2,2-dimethylhydrazino)propionitrile
(ITa) as a colorless liquid, b.p. 54-55° (0.6 mm.), n%Dp
1.4387 (lit.?! b.p. 80-90° (3 mm.), n?p 1.441), in
yields from 53 to 569, in three runs. The addition
of acrylonitrile to 1,1-diethylhydrazine (Ib), 1-amino-

R:R.NNH; + CH;=CHCN —>
I

1Al
R,R,NNHCH,CH,CN —Eﬂ; R.R:NNH(CH,);NH,
11 111
. N(CH N(CH.

RRN = () NG, (@) N{Caxon,
piperidine (Ic), and 1-amino-4-methylpiperazine (Id)
afforded 3-(2,2-diethylhydrazino)propionitrile (IIb),
3-(1-piperidinoamino)propionitrile (IIe¢), and 3-(4-
methyl-1-piperazinylamino)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 III (1-4, Table I) with
lithium aluminum hydride in anhydrous ether. Com-
pound IId was characterized by formation of 3-(p-
butoxyphenyl)-1-(2-cyanoethyl)-1-(4-methyl-1-pipera-
zinyl)-2-thiourea upon heating with p-butoxyphenyl-
isothiocyanate,

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

(21) R. L. Hinman and J. Rosene, J. Org. Chem., 21, 1539 (1956).
(22) C. C. Clark, ""Hydrazine,”” Mathieson Chemniical Corp., Baltimore,
Md., 1953, p. 30.
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TasLe |
2-(3-AMINOPROPYLJ-1, l-p1aLKYLuYDRAZINES (111)” R/ R.NNH({CH:);NH.
Yield

Clonnpsd. pirified, ~Carben, -1l lrogen, ¢ Nilrngen. *
SITTR NRiR: B.p. “C g RN ’; Torinil Caledd. Irnd Caled Fonmd Clualed. Yaonail
1 NiCllg) 159-16G0 1757) 1.4448 34 Callis Ny 5121 MIN(! 12.90 1315 BN HAA0
2 N(Ce1ls): GO-61 (2.3} 1.4540 (414} CilisNs HYER-1 Sy .0 1518 13,15 g4R 00 KIS}
i NiCHays 4l 62 106> 1.1845 18 Ca N 51,10 i1, 71 12 18 11 43 2672 26026
1 NICN): LNC1L: PR R Y (IS 1.4908 (&} Cslla N, 3 7Y S5 82 i1 70 1171 BRNN EEEED

" Compotnds pre hyvgroscopie calorless liguids.

a large excess (5 moles) of hydrazine and comparatively
low temperatures (100-120°) favor the formation of
monoalkylhydrazines, while a smaller cxcess of hy-
drazine (2 moles) and higher temperatures (160--170°)
give more of the unsymmetrical dialkylhydrazine.*?
The ready availability of a variety of dialkylamino-
alkyl halides prompted us to investigate the prepara-
tion of (dialkylaminoalkyl)hydrazines from these
halides and hydrazine or methylhydrazine.

Heating various dialkylaminoalkyl chlorides with a
-4 mole exeess of aqueous hiydrazine in the presence
of potassiumn carbonate at 100° gave the corresponding
(dialkylaminoalkyl)hydrazines (IV, Table II) as the
prepouderant produet.  Yields ranged from 24 to 59¢7.
Small amounts (6-21%7) of the I,1-bis(dialkylamino-

11NN UH:
RRNYCLHHCL e

RyR:NYNHNH, +
Iv
TRRNY L NNH,
v

alkylihydrazines (V, Table 1I1) were irolated from high
boiling fractions of the larger scale runs.  The conden-
sation of 2-chlorotriethylamine with methylhydrazine
gave 1-(2-diethylaminoethyl)-1-methylhydrazine in
749, yield. Subscquent to the mitiation of our work,
the synthesis of  (2-dimethylaminoethyl)hydrazine,
(2-diethylaminoethyl)hydrazine, and 1,1-bis(2-diethyl-
aminoethyl)hydrazine by similar procedures has been
reported independently 5613

The (dialkylaminoalkyDhydrazines (IV) and 1,1-
bis(dialkylaminoalkyl)hydrazines (V) were allowed to
react with phenylacetone in benzene or toluene to give
the corresponding phenyl-2-propanone dialkylamino-
alkylhydrazones (VI, Table IV). Similarly, various
1,4-big(phenylalkylidencamino)piperazines (VII) were

RiR; NYI?INZCECH;*@

R; CH;
VI
lLiAlH4
RlRZNYITJNHgHCHQO
R; CH;
VIII
RiRe = alkyl: Y = alkyvlene
R; = H, CHy, or YNR R

prepared by the coudensation of benzaldehyde, phen-
vlacctaldehyde, or phenylacetone with 1,4-diamina-
piperazine and 1,4-diamino-2-methylpiperazine, and
a group of (2-diethylaminoethyl)hydrazones (Table
V) was prepared from 2-diethylaminoethyvlhydrazine
and cyclopentanone, cyclohexanone, cycloheptanonc,
cyclooctanoue, cyclopropyl ketone, benzophenone, 3,4-

/X
/CH,—~CH,
O R 0
}'?{ C CH, R

H,—
VII
lLiAIH‘
X
,CH,~CH
QZCHNHN\ NNHCHZ
k CHy—CH, I’{

IX

4= — or ——CHs—;

R, X = Hor CH;
dihydro-1(2H)naphthalenone, 3,4-dihydro-2(1H)naph-
thalenone, 1l-methyl-4-piperidone, and 4-pyridincal-
dehyde. Quaternization of I1-methyl-4-(1-phenyl-2-
propylideneamino)piperazine (20) with methvl iodide
gave the corresponding metlitodide.

Reductionof the phenyl-2-propanonc dialkylamino-ai-
kylhydrazones (VI, Table 1V), 1,4-bis(phenylalkylidene
amino)piperazines (VII), and (2-diethylaminoethyl)-
hydrazones (Table V) with lithium aluminum hy-
dride in ether proceeded normally 1 most mstances to
give the corresponding 1-(dialkylaminoalkyl)-2-(1-
phenyl-2-propyl)hydrazines (VIII, Table VI), 1 4-bis-
(phenylalkylamino)piperazines  (IX, Table VIII),
and 1-substituted 2-(2-diethylaminoethyl)hydrazines

{Table VII), respectively. However, attempts to
reduce  3,4-dihvdro-2(1H)naphthalenone  (2-diethyl-

aminoethyl)hyvdrazone (36) and benzophenone (2-
diethylaminocthyl) hydrazone (37) under similar con-
ditions failed to give products of analytical purity.
Although asymmetric carbon atoms were preseut in
several of the aminoalkylhvdrazines, no attempt was
made to separate the stereoisomers.

A majority of the aminoalkylhydrazines were iso-
lated as colorless or pale yellow liquids and were puri-
ficd by vacuum distillation.  Attempts to demon-
strate the homogeneity of several of them utibzing
vapor phiase chiromatography techniques were thwarted
by the thermal lability of the compounds.  Iar
example, the chromatogram  of  1-(2-diethylamino-
ethyl)-2-(1-phenyl-2-propvDhyvdrazine (X, 41)* ox-
hibited threc major and fowr minor peaks. Ifurther
evidence of decomposition was obtaiied in independent
runs. 242 In order to demanstrate conclusively that

(23) Compoand was ran o1 ;i Bacber Coleman Maodel 20 iastruuient asila
a 185 cai. colaain bucke! with 3% S1.30;  temperatnre: injection pocr
H#00°, eoliain 170° isotherail,

(24) Compoand was rnn wa a Researels Specialties tueo Model 600 G o
instrimnent nsiag n 185 ¢ai, glass calamn packed with 80-100 mesh Gaschroyn
1 coated wich EOCD -3 (silapized); tewiperature: injection pori 120%,
columi 108° isnthecmial.

25y Compomud was ran o an ¥ oaal M Model 500 nstrument asing
123 cal, stainless steel colmnn picked with a wixtare of 2057 Apiezon L anl
207 K130 on 60-80 niesh Clicomvmsorh Ir teaiperature: ilijertion port 3007,
rolitan 1752 isnliernal
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(D1ALKYLAMINOALKYL)HYDRAZINES (IV)e RuR,NYNNH,
]lta
Yield
Compd. purified, ~—Carbon, Y%- -~ ~~Hydrogen, $p— ~--Nitrogen, %—
no. NRiR: Y Ry 15.p., °C. (mm.) n¥n % Formula Caled. Found Caled. Found Caled. Found
5 N(CHs) ~—(CH.)e— H 71-72 (18) 1.4559 44 C.H ;N 46.57 46.81 12.70 12.88 40.73 40.47
6 N(CH;), —(CHy)s— H 88-89 (15) 1.4590 58 C:Hi:N; 51.24 51.39 12.90 13.03 35.86 35.60
7 N(CH;), —CH,CH(CH,)CH,— H 77-78 (16) 1.4554 40 CsHiN, 54.92 54.81 13.06 13.02 32.02 31.71
8 N(CH;)CH(CHj), —(CH,)y— H 92-93 (17) 1.4582 47 CeHyN; 54.02 55.24 13.06 13.38
Y N(C.Hy), —(CH,)— i 76-77 (7) 1.4574 59 CsH Ny 54.92 55.02 13.06 12.99 32.02 32.81
10 N(CH,), —(CH,);— H 127-128 (21) 1.4877 44 C/H;N; 58.70 59.10 11.97 12.23
11 N(C,Hs) —(CH,),— CH, 77-78 (15) 1.4495 74 C7H1sN; 57.88 57.43 13.18 13.42 28.03 28.95
12 N(C,Hs). —(CH,)— H 106-107 (18) 1.4606 48 C7H.sN, 57.88 58.12 13.18 13.33 28.93 9847
13 N(CH,)(CH,),CH,4 —(CH,)— H 105-107 (18) 1.4515 24 C/H N, 57.88 57.90 13.18 13.24
14 N(CH,)s —(CH,)s— H 133-135 (20) 1.4899 47 CsH 1Ny 61.10 61.17 12.18 12.30 26.72 26,.32

@ Compounds are hygroseopic colorless liquids.  ® Reported previously by J. H. Biel, W. K. Hoya, and H. A. Leiser, J. Am. Chem. Soc., 81, 2527 (1959). ° Reported previously by A. Ebnither,

B. Jucker, A. Lindenmanmn, . Rissi, R. Steiner, R. Siiess, and A. Vogel, Helv. Chim. Acta, 42, 533 (1959).

TasLe II1

SENIZVHAAHTANTVONINY

1,1-Bis(DIALKY1LAMINOALKYL)HYDRAZINES (V) (R R NY ), NNH,

Yield
Compd. purified, —---Carbon, 9—- - - -—Hydrogen, % ~——Nitrogen, % — ~
no. NRiR2 Y B.p., °C. (mm.) nBy % Formula Caled. IPound Caled. Foand Caled. ound
15 N(CH;). —(Cl1y)— 78-79 (0.3) 1.4596 20 CruHaeNy 59 .36 59.40 12.95 12.91 27.69 27.92
16 N(CH;), —CH,CH(CH;)CH,— 58-59 (0.05) 1.4526 10 Ci2H3oNy 62.55 62.56 13.13 13.04 24 .32 23.55
17 N(C.Hs) ~——(CHz)o— 69-70 (0. 1) 1.4597 6 CizH3oN4" 62.55 62.74 13.13 13.15 24 32 24 58
18 N(CH;)(CH;);CH, —(CH;),— 82-84 (0.05) 1.4581 21 Cial 134Ny 65.06 65.20 13.26 13.29 21.68 21.70
19 N(CH:)s —(CH,),— 143-144 (0. 1) 1.4952 13 CieH3iNy 68.03 68.48 12.13 12.08 19.84 19.48

¢ Compounds are hygroscopic colorless liquids. ? Reported previously by H. Klis and H. A. Offe, Geriman Patent 1,005,841 (Dec. 29, 1960).

¢6t
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Tasre IV

PHENYL-2-PROPANONE DIALKYLAMINOALKYLHYDRAZONES Ry ReN-eY~-NN -:(ICH-_,—< Ny
i ——
R, CH,
Yield
Coniiad, purified, s Clarbalg, -« e-llydrogen, ¢¢-- -~ Nitroxen, *,

na. RiReN—Y—NR;— B.p., C. () e vy Yoruila Caled. Yound Caled. Yound Caled. I"'oam
20 CLaN[(CHyeleN—- 96-97 (0.1) 1.5340 78 (14 H2 N3 72.68 72.30 0.15 9.11 18.16 18.25
(CH3):N(CH2)sNH— 103106 (0.05) 1.5220 03 CsHzsNs 72.05 71.87 9.03 9.97 18.01 18,20
(CH3):NCH:CHCH3CH:N1- - 104-105 (0. 1) 1.5160 56 CisHos N3 72,83 7275 10,19 10.58 1699 16,84
(C2H5)sN(CHs)aN H~ 95-97 (0.05) 1.5140 a3 (isHas N3 7283 7290 10.19 1041 16. 09 16.79
(CeHg)2N(CH2)sN H~- 131-133(1.0) 1.5161 05 CisHaNg 73.51 73.82 10. 41 10.78 16.07 16.46
25 1C:Hs)2N(CHy)sNCH; - 00-91 (0.05, 1.5042 69 CisHesN; 73.51 7347 10.41 10.41 16.07 16.38
26 (CH:)sN(CHg)sNH—- 129-130 (0.5) 1.5346 85 Ci;HeNs 74.67 73003 9.96 9. 94 15.37 15.38
27 [(CHy:N(CHz)s]:N— 146-150 (0.7) 1.5070 33 CigHuNy 71.65 71.30 10,76 10.32 17.59 17.78
28  [(C2Hs):N(CHg)2]s N~ 129-131 (0.7) 1.5032 55 CanHisNsg 72.78 73012 11.05 10.82 16.17 1614

" Campounds are yellow liquids.

TasLe V
MiserLLaNkans KETONE (2-DIETHYLAMINOETHYL)HYDRAZONES® XY C=NNH(CH,),N(C,H;).

Yield
Conipd. purified, ~=Carbon, ¢¢-- - Hydrogen, 9c— --Nitrogen, 4j~-
no. X, Y B.p., *C. () 1D Y ormunla Caled. Found Caled. Found Caled. Found
29 R L& ¢ EY e 6667 (0.15) 1.4810 79 CnuHuN; 66.96 67.15 11,75 12.02 21.30 21.58
30 —~(CHz)s— 69-70 (0.03) 1.4860 86 Cr:HzNs 68.19 68.25 11.92 11.52 19,88 19.51
31 -—(CHz):NCH3(CHo)»— 83-84(0.3) 1.4897 81 C12HesN4 63.67 63.75 11.58 11.74 24.75 24.71
32 —(\.‘i{—CHz b 76--77 (0.05) 1.4873 43 CisHs N2 64.90 69.54 11.28 11.40 18.81 18.51
CH: 2
43 ——(CHz)s— 78-74(0.05 1.4880 70 CisH2Ns 69,28 GO .00 12.08 12.19 18.64 18.50
34 -+(CHa);—=" 48~100 (0. 1) 1.4912 72 CuH2N3 70.24 70.44 12.21 12.22 17 .55 17.69
35 ©: P 128-129{0.03) 1.5614 70 CreHaNy 74.08 73.80 9.72 991 16.20 15.98
(CH.,
7 CH, _
36 ! I 142-143 (0. 1) LO45h 065 Cisl1sNs 74.08 73.69 0.72 V.53 1620 10,09
(CH.i
37 (—Cslls)s* 162-163 (0.8 1.5786 86 CinHas N3 77.24 7714 &.53 8.53 11,42 11.22

“ Compounds are yellow liquids. ¢ p-Toluenesulfonic acid (1 g.) was added to the reaction mixture.

TasLe VI

1-(D1ALKYLAMINOALK YL )-2-( I-PHENYL-2-PROPYL)HYDRAZINES VIII® R R, N*Y—I'\INHCHCHZ—Q

Yield R"’ H€1

Colapd, purified, ~~ Clarbon, “e— —Hydrogen, $(+--~ ~-Nitrogeu, ¢
1. RiR:N-—Y---NRy B, °C. (i) n*y o Tormala Caled, Foand Caled. Found Caled. Fonnd
38 CHiN[(CHa)eleN—- 87-88 (0.1) 1.5158 93 CuHuNS 72,06 71.33 9.03 9.96 1801  17.90
39 (CHa):N(CHy)sNH— 101-103 (0. 1) 1.5073 48 CuHasN; 71.44 71.55 10.71 10.60 17 .85 17.71
10 (CHQ:NCH:CHCH;CHuN -~  98-99 (0.1) 1.4995 50 CuHesNs 72,24 71.50 10.91  10.46  16.85 16,
41 (CsHs)sN(CH2):NH—- 92-93 (0.05) 1.5017 53 CisA N2 72.24 72.05 10.91 11.29 16.85 16
42 (CyHs)sN(CHe)sN H—- 110-111 (0. 1) 1.5043 72 CisHeeNs 72,95 7316 1110 11.01  15.95
43 (C2H3) N (CH2):NCH- 105~106 (0. 8) 1.4940 59 ChisHesN3 72.95 72.41 11.10 10.70 15.95
44 (CH:)sN(CH:)sNH-- 158-155 (1.0)  1.5207 70 CiiHpNs 74,13 74.28 1061  10.61  15.26 v
145 [(CaHs):N(CHpz]sN-— 121124 (0.2)  1.5012 21 CoHeoNy 7236 73.00  11.57  11.62  16.07 15 67

“ Compounds are colorless or pale yellow. * Dihydrochloride, colarless crystals from ethanol-2-propanol, nup. 252-254° dec.; Anal.
Caled. for CiHasNy2HCL: C, 54.90; H, 8.23; N, 13.72; Cl, 23.15. Found: C, 55.11; H, 8.29; N, 13.61; Cl, 23.13.

Tapng VIT
MiSCELLANEOUS [-SUBSTITUTED 2-(1-DIETHYLAMINOETHYL)HYDRAZINES  XYCHNHNH(CH,),N(CH; ),

Yield
Compd. purified, - Carbon, G — ~Hydrogen, %+~ ~— Nitrogen, %~
no. N.Y B.p., °Co i) LEIN % Yoruiala Caled. Y¥onnd Caled. Foand Caled. Yound
16 S (Cllelye 5758 (0. 03) 1.4688 95 CuHxsN3 66.28 66.22 12 .64 12.79 21.08 21,18
17 S (C ey G415 (0.03) 1.4700 73 C12RarN3 67 .54 67.74 12.76 12,67 19.69 19.59
15 - U 1)e NC 1131 C e 79-81 (0.05) 1.4761 a7 i1l Ny 63.11 63,00 1236 12,31 24.53 24 81
49 .—.[_CH—QLHZ} 79-80 0.1 1.4717 62 CisHla N3 (Y 28 68. 99 12.08 12.10 18.64 18.43
2 Az
50 —(CH)y— K283 (0.03) 1.4762 82 CisllanNg 68.67 19,01 128t 12.83 18.48 18 64
51 —(CHz);-~ a3 04 (0.08) 1.4810 39 CisH3cNs 69.65 1i9.20 1204 12.62 17 .41 1744
52 Oi - 120-132 (0,031 1.5370 58 Crellas N 73.51 Th.H3 1041 10.08 16.07 15,90
(UHy.

“ Compounds are colorless or pale yellow.
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decomposition had occurred, the main peak was ) s
trapped?® and rechromatographed.?® The infrared LE =58 8% = 8
spectrum of the trapped material proved to be identical tﬁ 2==2 €2
with the spectrum of the starting material, and a gas & T;fg
chromatogram of the trapped material exhibited a 24 288 S8 £
similar complex pattern. When lower temperatures T:: ST EO S
were used, less but significant decomposition occurred. - - ;—j =
Gas chromatograms of 2-diethylaminoethylhydrazine - © o oy
(9) and 1-(3-diethylaminopropyl)-2-(1-phenyl-2-pro- LE 228888 &
pylhhydrazine (42) also exhibited complex patterns s FEeeo ,‘5%
indicative of extensive decomposition.? g Z 4
In most instances pharmacological studies were ii'g compiny £z
carried out with the aminoalkylhydrazine free bases. ng I -
Following preliminary reports that 1,4-bis{1-phenyl-2- 2§
propylamino Jpiperazine (55) and 1-(2-diethylamino- R RN :q—: =
ethyl)-2-(1-phenyl-2-propyl)hydrazine (X) exhibited f § A=mo%x e s
. . p . 2.2 M 0 R 0o = 7
interesting pharmacological properties, efforts were BE RN B Fors 2 ‘E:‘
made to prepare solid, water-soluble salts of these g _5; it
bases.  Although 1,4-bis[1-phenyl-2-propylamino]- g3 IB8BIEER % =g
piperazine formed stable, solid acid addition salts, t g pffage £E2g
numerous attempts to prepare salts of X with a variety ~ z2E
of organic and inorganic acids gave only sticky semi- 5_:: . f‘ 5 g
solids. However, when hot acetone solutions contain- = { > S =z ““;
ing hydrazine X and succinic acid were combined, a %\m,%\.f | EE '§_§~§
colorless crystalline solid, m.p. 155-157°, separated in ¥ 9 l 8 =23
low yield. Successive crystallizations from acetone E:‘: 5 2 we 25 _
and acetonitrile raised the melting point to 162-163°. "z E 2= £ %
Surprisingly, the salt did not analyze correctly for a & £ = 2 227
succinate salt of 1-(2-diethylaminoethyl)-2-(1-phenyl- I | o . = 23
2-propyl)hydrazine (X), but microanalytical results N ' é :°~° o= = = g S
were in excellent agreement with calculated values for = @ '[ EEES = & % :_
amphetamine succinate. Indeed, the salt was shown - e &= 3
to be identical with an authentic sample of di-amphet- : ? =5
amine succinate by comparison of their infrared ab- = = £%§ - %gi
sorption spectra, melting points, and mixture melting ) é £33 <m 0= B
points. Obviously, a unique scission of the nitrogen— ] ’ E-’:& :,Zk
nitrogen bond had occurred. £ TE 4w w  ZE%
Subsequently, X was converted to dl-amphetamine 5 SER 2XRREHR OELN
(XII) in 789, yield upon heating with 1 N hydrochloric g 2 S =
(C.H;).N(CH,;)NHNHCHCH,C;H; —> % ¢ o';? 5
x bn g 22 _ge—-rm 78
3 < © Eiaie)
(GH.)N(CH:):NH: + HiN CHOH,C.H Z o 244
XI CH, i 8 o A%
XII g g s 2 Ay
. . . . ™ 2 g X g = —_ 8~
acid for 15 hr. 2-Diethylaminoethylamine (XI) was 1 £ D2EZFE ETE
also isolated from the reaction mixture, although the ﬁ M =3 % 2 ‘;‘: f‘é e
recovery was poor. In contrast, 1-alkyl- or l-aralkyl- —_ g oA °g 9»
2-(1-phenyl-2-propyl)hydrazine salts,?2 1-methyl-4-(1- TR
phenyl-2-propylamino)piperazine (38), and 1,4-bis- 5 JEE
[1-phenyl-2-propylamino Jpiperazine (55) are stable “ mzmzmo 24
in an acid environment. These findings, together R
with the observation that X is stable when boiled with < m @
sodium hydroxide in aqueous methanol (see Experi- - i f?ﬁ el
mental section), suggest that the cleavage reaction o l--R SR SR SRS °C 5
is dependent on the proximity of the protonated tertiary £7%
amine to the hydrazine function, and possibly.is as- £3 <
sociated with the formation of a cyclic intermediate. I 230
To our knowledge, this is the first published report of w ZZEEE 5 O
an acid-induced scission of the nitrogen—nitrogen Cf le "f le le 3 ?:s ~
bond of a symmetrical dialkylhydrazine compound, % N
(26) Bame conditions as footnote 23, except column was packed with 5% -g. ? . :j
X5, Biol U f: mzzgRg CHS
(27) 1. Biel, U. S. Patent 3,000,903 (Sept. 19, 1961). 3= = E L
(28) Lakeside Laboratories, British Patent 863,158 (March 15, 1961). o -
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althougli disproportionation®® and hydrolytic cleavage®
reactions of several arylhydrazines have been reported.
Fxtensive investigations are currently in progress in
these laboratories to define further the scope, strue-
tural requirements, experimental conditions, and
mechanism of this seission reaction. Results of these
studies will be the subject of future communications.

Summary of Biological Properties.—The aminoalkyl-
hydrazines were evaluated in a variety of biological
systems. Their ability to inhibit monoamine oxidase
in eitro was measured®' by the manometric method of
Davison®? using guinea pig brain homogenate as an
enzyme source. Tyramine was used as a substrate
at a concentration of 5 X 1072 /. Potential inhibitors
were preincubated with the enzyme for 10 min. before
the addition of the substrate.  Although nonc of the
aminoalkylhydrazines is a highly potent inhibitor of
monoamine oxidase in ritro, compounds 7, 25, 35, 40,
and 41 gave 509, inhibition at the following concentra-
tions: 4.9 X 10—* 3/, 3.0 X 10-* 1/, 4.4 X 10~ ./,
6.0 X 10=* 3, and 4.0 X 1074 1/. Under comparable
conditions ipronmazid afforded 509 inhibition at a
concentration of 1.9 X 10— 3/,

Representative compounds were tested for their
antidepressant effect in mice receiving reserpine ac-
cording to the procedure described earlier by Chen and
Bohner.?*%¢  Briefly, the degree of antagonism against
reserpine-induced ptosis (closure of eyelids) was uti-
lized as an index of the antidepressant activity of a
compound. The aminoalkylhydrazines were given
by intraperitoneal injection 1 hr. before reserpine and
the observation of ptosis was made 3 hr. after reserpine
administration. Compounds 32, 39, 40, 41, 42 and
55, which represent the most promising members of
the series, induced complete antagonism of reserpinc-
induced ptosis in mice at doses ranging from 63-125
mg. kg,

The direct cerebral stimulating cffect of 1,4-bix[1-
phenyl-2-propyvlamino Jpiperazine (85) was 1neasured
by observing the increase in motor activity of rats in
“Giggle cages” following subeutancous administration
of the drug.®3% This compound exhibited a strong
direet stimulating action of long duration at a dose of
12.5 mg. kg,

In a study of the mhibitory potencies of certain
carbonyl reagents, and their coundensation products
with pyridoxal, for pyridoxal kinases of beef brain,!4
compounds 7, 9, 14, or 17 were added at 3 uldl to an
assay mixture containing 0.5 mlf/ pyridoxal and
ATP, 0.01 mM Zn*tF, 70 mil/ potasstum phos-
phate, and 0.40 mg. of brain kinase. Fach hydrazine
formed a potent inhibitor with pyridoxal. The results
refleet both the ability of the hydrazine to form a
hydrazone with pyridoxal under the assay conditions,
and the inhibitory effect of the hydrazone formed.

(20) F. D. Chattaway and M. Aldridge, J. Chem. Soc., 99, 404 (1911;.

(30) H. Wieland and C. Miiller, Ber., 46, 3304 (1913).

431) J. R. McLean, nnpublished results, Parke, Davis and Co., Aun
Arbor, Mich,

(32) A. N. Davison, Biochem. J., 87, 316 {1959).

(33) G. Chen and B. Bolner, J. Pharmacol. Exrptl. Therap.. 181, 179
oo
“(():)i) (3. Chen, unpublished results, Parke, Davisg and Co., Ann Arbor,
\Il((;liy) 1or a description of test method. see J. W. Schulte, E. C. Reif, J. \.
Bocher, W. S. Lawreuce, and M. L. Tainter, J. Pharmacol. Exptl. Therap.,
71, 62 (1941).

i36) G. Clen amel O, Ensor, anpablishied resalts, Parke, Davis and Co.,
Ann Arbor, Mich.
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Many of the aminoalkylhydrazines were also tested
against various parasites, bacteria, and viruses including
Entamoeba  histolytica, Trichomonas vaginalis, Tryp-
anosoma cruzi, Schistosomna mansoni, Syphacia vbrelata,
Aspiculuits  tetraptera, Nemalospiroides dubius, I y-
menalepis nana, Streptococcus pyaogenes (C-203), Sta-
philocaccus  auceus (UC-76), Klebsiella  pucuwmonziae
(AD), Proteus culgaris (MGH-1), Pseudovumas aerugi-
nosa (No. 28), Salmonella typhimurivm (V-31). M yeo-
bacteivune tuberculosis (H37Rv), herpes simplex, polio,
measles, and adenovirus.#-#  Only four compounds
exhibited noteworthy activity. 1,1-Bis(3-dimethyl-
aminopropylhydrazine  (15)  wax active against
Syphacia obeelate at high dose levels®:; 2-(3-amino-
propyD)-1,1-diethylhvdrazine (2), 1-(3-aninopropyl-
amino)-t-methylpiperazine  (4),  and  4-]2-(2-di-
ethylaminoethyhiyvdrazinomethyl Jpyridine were lethal
to  Mycobacteriun  (uberculosts (H3TRv) i ritea at
concentrations of 10 to 20 v ml., bnt nonce was
prowmising in nice. 3

Experimental*

Preparation of 3-(2,2-Dialkylhydrazino)propionitriles (11).-
Acrylonitrile (278 g., 5.2 moles) was ndded dropwise with stirring
over 2 period of 45 min. to a hiat solution of 403 g. (3.5 voles)
of l-amino-4-nmethylpiperazine in 158 ml. of woter. Subse-
quently, the mixture was stirred aud heated on 4 steam bath for
20 hr. and the volatile materials were removed in vacuo on 1 water
aspirator. The residuc was distilled twice in racvo tlironglc a
25-cm1. Vigrelx colunin to give 3-(4-methyl-1-piperazinylamine )-
propionitrile (IId) as a colorless liquid, h.p. 74-75° (0.2 mmn.),
n®p 1.4820, 432 g. (73%¢ vield). The bygroscopic base was dif-
fienlt to analyze. Therefore, a small sample of the base was dis-
sulved in anhydrous etlier and treated with anhydrous hydrogen
cliloride. The off-white dihydrochloride salt was crystallized
from ethanol and dried n vacuwo at 45°; n.p., 202-204° dec.

Anal. Caled. for CgHieNg2HCL: N, 23.20;  Cl, 29.40.
Found: N, 22.69; Cl, 29.80.

3-(p-Butoxyphenyl j-1-(2-cyanoethyl)-1-{4-methyl-1-pipera-
zinyl)-2-thiourea.—A mixture of 3.4 g. (0.05 mole) of 3-(4-methyl-
l-piperazinylinino)propianitrile and 10.4 g. (0.05 mole) of p-
butoxyphenylisothioeyauate was leated o a stean both for 0.5
br. Tpon cooling, the material solidified and was erystallized
from ethanol to give 18.0 g (96C7) of off-wlhite ervstals, m.p.
1141162,

Anal.  Caled. for CiaHeN:03: C, 60.77;
Fonnd: C, 60.79; H, 7.69; N, 18.70.

Preparation of 2-(3-Aminopropyl)-1,1-dialkylhydrazines (IIiI)
(Table I).—To n snspension of 135 g. (3.5 mwoles) of lithiuw
alwminuin bydride in 5 1. of anhydrous ether was udded drapwise
with stirring u salution of 292 g. (1.74 woles) of 3-(4-mwethyl-1-
piperazinylaniino)propionitrile in 3 1. of wihydrous ether.  The
mixture wis stirred at roont temperature for 24 hr., then refluxed
on a steam bath for 6 hr.  The hydride mixture was cautiously
decumposed,*! filtered, and the etlier filtrate dried over anby-
drons sodim sulfate.  The dryving agent was collected, the ether
wus removed, and the residue distilled in racuwo througlc v 23
e, Vigreux colunm.  The desired 1-(3-uminopropylaniino )-4-
metliylpiperazine was obtained as a colorless hygroscopic lignmil,
b.p. 73-74° (0.5 nn.), n?*p 1.4908, 193 g. (647 ).

Preparation of (Dialkylaminoalkyl)hydrazines (IV) and 1,1-
Bis(dialkylaminoalkyl)hydrazines (V) (Tables II and III).—
To a mixture of 800 g. (13.5 mwoles) of 859 technical hydrazine

H, 7.7%; N, I8.65.

i37) P. I Thompson, A. Bayles, P. McCQlay, and J. B, Meisenhelder, an-
published results, Parke, Davis and Co., Aun Arbor, Mich.

(38) M. W. Fisher and A. L. Erlandson, unpublished resnlts, arke,
Davis and Co., Detroit, Mich.

(39) G.J. Dixen and F. Schabel, nnpublished resclts, Soathern Resouceh
lnstitute, Birmingham, Ala.

(40) Melting points (corrected) were taken on a Thomns-Noovee capillary
tielling point apuaradis.

f41) L. M. Amandsen and L. 8 Nelvon. /. Awi. Chem, Sovl, T8, 212 11061
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monohydrate?? and 800 ml. of water was slowly added at room
temperature over a period of 2 hr. with vigorous mechanical
stirring 688 g. (4.0 moles) of 2-chlorotriethylamine hydrochlo-
ride.*3 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-L
portions of ether and the combined ether extracts were dried
over solid potassium livdroxide. 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.),
n2p 1.4574; yield, 308 g. (59%). Distillation of the residue
under high vacuum gave 28 g. (69,) of 1,1-bis(2-diethylamino-
ethylhydrazine as a colorless liquid, b.p. 69-70° (0.1 mm.),
n%p 1.4597.

Preparation of Phenyl-2-propanone Dialkylaminoalkylhydra-
zones (VI, Table IV) and Miscellancous Ketone (2-Diethyl-
aminoethyl)hydrazones (Table V).—A miixture 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 was removed and
the residue distilled in vacuo through a 22 cm. Vigreux column.
Phenyl-2-propanone 2-diethylaminoethylhydrazone was ob-
tained as a yellow liquid, b.p. 95-97° (0.05 mm.), n%®p 1.5140;
yield, 345 g. (93%).

Preparation of 1-(Dialkylaminoalkyl)-2-(1-phenyl-2-propyl)-
hydrazines (VIII, Table VI) and Miscellaneous 1-Substituted 2-
(2-Diethylaminoethyl)hydrazines (Table VII).—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 was boiled
under reflux with vigorous stirring for 8 hr., cooled, and de-
coniposed by the cautious addition of 40 ml. of water followed
by 30 ml. of 20% aqueous sodium hvdroxide and 140 ml. of
water.!? The precipitate was removed by filtration and dis-
carded; the ether filtrate was concentrated to an oil. The
crude  1-(2-diethylaminoethyl)-2-(1-phenyl-2-propyl)hydrazine
was distilled twice through a 22 ¢m. Vigreux column under high
vacuum giving a colorless liquid, b.p. 92-93° (0.05 mm.), n*D
1.5017, 66 g. (539 yield).

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

163°.
Anal. Galed. for C;HoyIN;: C, 48.26; H, 6.48; N, 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
wag removed by a Dean-Stark water separator. The benzene
was removed in vacwo and the residue was diluted with 500 ml.
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 decomnposed cautiously
with water.®? The inorganic solids were collected by filtration
and washed thoroughly with anlivdrous ether. The conibined
ether filtrates were dried over anhydrous sodium sulfate, the
drying agent was collected by filtration, and the ether was re-
moved in vacuo. The residue was distilled ¢n vacuo through a
22 cni. Vigreux column giving a pale yellow liquid, b.p. 144-
146° (0.6 mm.), n?p 1.5745; yield, 57 g. (319,).

Anal. Caled. for Ci,;HpNs: C, 64.82; H, 9.98; N, 25.20.
Found: C, 64.74; H, 9.21; N, 25.25.

1,4-Bis(1-phenyl-2-propylideneamino)piperazine.—A niixture

of 333 g. (2.48 moles) of phenylacetone, 144 g. (1.24 moles) of

(42) Minimum hydrazine content 54.4 %, purchased from the Olin Mathie-
son Cheiieal Corp., Baltimore, M.
(43) TParchased from the Michigan Chiciaical Corp., St. Louis, Mich.
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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 vacuo and the solid residue was washed thoroughly with
petroleum ether (b.p. 30-60°); yield, 401 g. (809%), m.p. 106-
110°. A small sample was crystallized from 2-propanol to give
pale yellow crystals, ni.p. 108-113°,

Anal. Caled. for CyHuNs.. C, 75.84; H, 8.10; N, 16.08.
Found: C,75.62; H,7.99; N, 16.20.

1,4-Bis(benzylideneamino)piperazine.—Utilizing  the pro-
cedure described above for the preparation of 1,4-bis(1-phenyl-
2-propylideneamino)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 chloroforni, m.p. 211-213°.

Anal. Caled. for CisHypNys: C, 73.94; H, 6.90; N, 19.16.
Found: C, 73.93; H, 6.80; N, 19.63.

Preparation of 1,4-Bis(phenylalkylamino)piperazines (IX)
(Table VIII), Method I.—A solution of 222 g. (0.64 mole) of
1,4-bis(1-phenyl-2-propyvlideneamino)piperazine in 2 1. of anhy-
drous ether was slowly added to a slurry of 97 g. (2.56 moles) of
lithium aluminum hydride in 1.5 1. of anhydrous ether and the
niixture was allowed to stir at room temperature for 18 hr.
Subsequently, the niixture was heated under reflux with stirring
for 16 hr. and cautiously decomposed with 100 ml. of water,
77 ml. of 209, aqueous sodium hydroxide, and 360 nil. of water.!
The inorganic precipitate was removed by filtration and washed
with ether. The combined ether filtrates were concentrated to
an oil which was distilled in 2acuo through a 20 cni. Vigreux
column. The praduct was thus obtained as a pale yellow liquid,
b.p. 186-188° (0.5 mm.), n%D 1,5432, 189 g. (839 yield).

A portion of thie 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 obtained (339 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 distillation was converted to the
phospliate salt as follows: to a solution of 125 g. (0.356 mole) of
the base in 2 1. of warm niethanol was added slowly with stirring
82.0 g. (0.712 niole) of 85% phosphoric acid. The solution
thus obtained was filtered and the filtrate concentrated to
dryness in vacwo. Trituration with anhydrous ether gave 173
g. (88%%), m.p. 197-201°.

Method II.—A mixture of 13.7 g. (0.118 mole) of 1,4-diamino-
piperazine, 25.3 g. (0.236 male) of phenylacetaldehyde and 500
ml. of benzene was boiled under reflux for 4 hr. and water was
renioved through a Dean-Stark water separator. Volatile
materials were removed in vacwo 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 aluminmuin hydride in 1 1. of anhydrous
ether and the niixture was boiled under reflux with stirring for
16 ir. The mixture was decomposed cautiously with 18 ml. of
water, 14 ml. of 209, aqueous sodium hydroxide, and 66 ml. of
water, and filtered.*! The filtrate was evaporated to dryness and
the crude product was crystallized fron1 2-propanol giving 6.7 g.
(189%) of pale yellow crystals, ni.p. 116-120°,

Attempted Preparation of 1-(2-Diethylaminoethyl)-2-(1-phen-
yl-2-propyl hydrazine Succinate.—Hot acetone solutions of
2.8 g. (0.011 mole) of 1-(2-diethvlaminoethyl)-2-(1-phenyl-2-
propyl)hydrazine (X) and 1.2 g. (0.01 mole) of succinic acid were
mixed, heated for a short time, and the mixture was cooled. The
crystalline precipitate that separated was collected and dried
in vacuo; it 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 dl-
amphetamine.

Angl. Caled. for C;Hi N -CH,: C, 61.64; H, 7.56; N,
5.55. Found: C,61.66: H,7.63; N, 5.62,

Treatment of 1-(2-Diethylaminoethyl)-2-(1-phenyl-2-propyl)-
hydrazine (X) with Hydrochloric Acid.—A solution of 24.9 g.
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(0.10 mole) of 1-(2-diethylaniinoethyl)-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 luver was then
treated with 50 mil. of 50¢7 sodium bydroxide solution and the
alkaline mixture was again extracted twice with 250-ml. partions
of ether (extract B). Subsequent additian of 200 g. of solid
sodium hydroxide (cooling) and extraction gave u third ether
solution (extract C). Each of the etlier extracts was dried over
anhydrous potassium carbanate, and the ether renoved through
a short Vigreux column to give residues A, B, and C.

Residue A weighed 0.5 g.; vapor phase cliromatography# in-
dicated that phenylacetone was the niajor componeit.

Residue B weighed 15.4 g.; vapor phase chroniatagraphy? in-
dicated that amphetamine was the major constituent. A por-
tion (14.9 g.) was distilled in zacuo through a short Vigreux column
to give 10.3 g. (78%,) of a colorless liquid, b.p. 82-87° (13 mn1.),
This material was shown to be identical with an authentic
sample of dl-amphetaniine by comparison af their infrared
absarption 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
component, Distillation at atmospheric pressure gave 0.74 g.
of a colorless liquid which was shown to be identical with an
authentic sample of 2-diethylaminoethyvlamine by coniparison
of their infrared absorption spectra and their picrate salts, m.p.
and mixture m.p. 209-211°.

Anal. Calcd for CGH16N2'2C5H3N3()71 C, 3763, H, 386,
N, 19.51. Found: C,37.92; H,3.93; N\, 19.51.

M. Kramy, L. G. HumBer, J. DuBue, anxp R. Gavbpry
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Treatment of 1-(2-Diethylaminoethyl)-2-(1-phenyl-2-propyl)-
hydrazine (X) with Sodium Hydroxide.—A solution of 24.9 g.
(0.10 mole) of 1-(2-diethylaminoethyl)-2-(1-phienyl-2-propylj-
hydrazine (X)) i a mixture af 250 ml of 1 ¥ sodiwm lhivdroxide
solution and 250 nil. of methanol was hailed under reflix for 16
hr. During the last 2 hr, of heating, 275 ml. of solvent was re-
maved at atniospherie pressure. The orange-brown reaction
mixture was cooled and extracted with two 250-ml. portions af
ether. The vombined ether extracts were dried over anlivdraus
potassium carbonate, the drying agent was collected, and tle
ether was renioved through 1t short Vigreux column.  The residue
(25.2 g.1 was distilled 1n vacuo to give 17.4 g. (70°0) of a pale
vellow liquid, b.p. 78-83° (0.08 mm.) which was identical witli the
starting material.
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Agents Affecting Lipid Metabolism. VIII.
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'-dibenzylethylenedianiine (DBED) salts liave been tested

for their effect on the incorporation of nievalonate-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 serumn 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 eitro, at a concentration

of 1 X 1078 21,

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 crystalline 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-
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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 in rivo 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 trans-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 7n vitro of DBED on the metabolism of 7-dehydro-
cholesterol. These results form the basis of this report.
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