June 5, 1959 ARALKYL HYDRAZINES: STRUCTURE-REACTIVITY RELATIONSHIPS 2805

[CONTRIBUTION FROM THE RESEARCH DivisioN, LAKESIDE LABORATORIES, INC., AND THE DEPARTMENT OF PHARMACOLOGY,
UNIVERSITY OF WASHINGTON]

Chemistry and Structure-Activity Relationships of Aralkyl
Hydrazines

Central Stimulants.

By JouN H. BIEL, ALEXANDER E. DRUKKER, THomas F. MITCHELL, EDWIN P. SPRENGELER,
PATRICK A. NUHFER, ALVIN C. CoNwAY AND A, HorITA

RECEIVED OCTOBER 31, 1958

The replacement of an amino or alkylamino group by a hydrazino or alkyl hydrazino moiety in a variety of aralkylamines
has yielded a group of potent central stimulants which produce their effect by a dual mechanism: (1) direct stimulation
of the central nervous system (analeptic action), and (2) powerful inhibition of the enzyme monoamine oxidase (MAO)
which is responsible for the metabolic destruction of endogenous central excitatory hormones. Definite structure-activity
relationships have been established and will be discussed. One of the compounds, N-aminoamphetamine, displayed forty

times the MAO inhibitory potency of iproniazid (Marsilid).
via the reductive hydrazinolysis of phenyl-alkanones or reaction of hydrazine with a phenylalkyl halide.
products obtained was dependent on the reaction conditions.

The synthesis of the aralkyl hydrazines was accomplished
The nature of the
It is demonstrated also that the Raney nickel cleavage of

substituted hydrazines constitutes a convenient means of obtaining pure primary and secondary amines.

The sympathomimetric amines have yielded
valuable therapeutic agents in the fields of broncho-
dilators, central stimulants and cardiovascular
agents. However, their clinical usefulness has been
severely limited because of their great suscepti-
bility toward enzymatic degradation in the body
and the multiplicity of their pharmacologic effects.

In an effort to arrive at substances having more
desirable therapeutic properties, we replaced the
amino group with a hydrazino moiety in a large
variety of sympathomimetic amines.

We turned to hydrazine analogs for a number of
reasons: (1) We hoped that the hydrazines would
have a greater affinity for the cell receptor sites and
would not be subject to the same type of enzymatic
degradation. In this way a more intense and pro-
longed action could be expected. (2} Certain
hydrazine derivatives such as hydrazinophthalazine
(Apresoline) had been shown to be useful blood
pressure lowering agents'—3 and the incorporation
of a hydrazine group into a skeleton with an al-
ready high affinity for the blood pressure regulating
centers appeared to be a logical approach to the
development of agents for the ‘‘manual’’ control of
blood pressure disturbances. (3) Lastly, we were
interested in testing the isosteric effect of replacing
a methyl or methylene by an NH; or NH grouping
on biological activity.

The type of series chosen for synthesis resembled
closely that of Barger and Dale for the sympatho-
mimetic amines. In their classical work they
showed that the nature of the physiological response
elicited by the phenylalkyl amines was dependent
on: (1) the nature of the nuclear substituent
“R", (2) the nature and length of the side chain
“Y” and (3) the type of substituent on the amino
nitrogen (R;and R,)*

R\©Y~N <
R,
/ 2
Our series of compounds may be represented by the
general formula

(1) B. N. Craver, W. Barrett, A. Cameron and I'. I, Yonkman, J,
A, Pharm. Assoc., Sei. Ed., XTI, 559 (1951).

(2) H. A. Schroeder, Circulation, 5, 28 (1952).

(3) R, L. )Johnson, E. D, Freis and H. W. Schnaper, ibid., &, 833
(14952),

(4) G. Barger and H. H. Dale, J. Physiol, 41, 19 (1910).

R;
R———Ar——Y—N—N<
) R;

R,
R = H, alkyl, alkoxy, hydroxy, dimethoxy, methylene-
dioxy, trimethoxy, chloro
Y = straight or branched alkylene chain, hydroxyethyl
R, = H, methyl; R, = H oralkyl; R; = H, alkyl, aralkyl,
acyl
Ro
N< = 1,2,3,4-tetrahydroisoquinolino
R
Ar = phenyl, pyridyl, thienyl, furyl, benzodioxany!

8-Phenethylhydrazine, A-phenyl-3-hydroxyethyl-
hydrazine and N-(8-phenyl-g-hydroxyethyl)-N',-
N'’-dimethylhydrazine had previously been pre-
pared by Bovet and found to have pressor proper-
ties very similar to those of the parent amines.®
Several difficulties presented themselves in the
synthesis of the mono-(aralkyl)-hydrazines. They
were due primarily to the fact that the hydrazine
molecule has three reactive centers. Reaction
with carbonyl compounds results in the formation
of both hydrazones and azines.

In the case of reactive aldehydes (R” = H) it
was very difficult to control the reaction at the
monosubstituted hydrazone state.® Treatment of
hydrazine with phenylalkyl halides results in
polyalkylation products unless a large excess of
hydrazine is employed.” The N-N bond is quite
sensitive to reductive cleavage and the choice of

Raney Ni

[H]
PhCH,CH(CH;)NH: + NH;

catalyst, solvent and proper reaction conditions
is of paramount importance to the successful
reduction of the hydrazones.

Our major synthetic difficulties may be suni-
marized for the reduction of 1-phenyl-2-propyl
hydrazone

PLCH.C(CH;)==N-—NH,

[PhCH.C(CH)=N—1:  (A)

H | PhCH,CH(CH,)—NH -NH,
PhCH,Cr=N—NH, — (B)
; [PhCH,CH(CH;)—NH], (C)

CH,; PhCH,CH(CH;)—NH; (D)

(5) G. Benoit and D. Bovet, Compt. rend. soc. biol,, 186, 356 (1942),
(6) C. C. Clark, “Hydrazine,” first edition, Mathieson Chemical
Corp., Baltimore, Md., 1953, p. 39.
(7) Ibid., p. 36,
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Formation of large amounts of (A) occurred
wheu reduction proceeded slowly and incomi-
pletely with such catalyst as palladium-on-char-
coal, rhodium, ruthenium, platinum oxide, and
solvents such as alcohol, water, ethyl acetate,
tetrahydrofuran and dioxane. Product C was
ohtained when the hydrogenation proceeded slowly
to completion as with platinum oxide in aqueous
acetic acid. Products A and D were formed almost
exclusively during the Raney nickel reduction of
the hydrazone in ethyl alcohol. The use of plati-
num oxide or platinum-on-a-carrier in alcoholic
acetic acid at a pressure of 2,000 pounds represented
the optimum conditions for obtaining the desired
compound (B) in acceptable yields of 55-709.
The major by-product of this reaction was com-
pound C accompanied by small amounts of (A).
The chemical reduction of 1-phenyl-2-propyl
hydrazone with sodium borohydride and aluminum
chloride in the dimethyl ether of diethylene glycol®
produced the N N'-bis-(1-phenyl-2-propyl)-hy-
drazine (C) in 899 vield.

The aralkylatlon of hydrazine with primary
aralkyl halides afforded the mono-(aralkyl)-hydra-
zines in satisfactory vields (60-75%;) provided a
three to five molar excess of hydrazine hydrate
was used. With secondary aralkyl halides, yields
dropped to 35-45%, because of dehydrohalogena-
tion to the phenylalkene.

When I1-phenyl-2-propyl bromide was treated
with isopropylhydrazine, the major reaction product
isolated was N-(1-phenyl-2-propyl)-N’ -isopropyl-
hydrazine rather than the expected’ unsymietri-
cally substituted hydrazine. The structure of the
reaction product I was established by reductive
cleavage to 1-phenyl-2-propylamine (II) and
unequivocal synthesis wzia the reductive hydra-
zinolysis of phenylacetone with isopropyl hydra-
zine

PhCH,CH(CH;)NHNHCH(CHa).

Raney Ni | I Tl, (CH,):.CHNHNH,

Er— 2, Pt-H
| [H]
Y PhCH;COCH,
PhCH:CH(CH;)NH: + (CH;).CHNH,
11

The unsymmetrically substituted compound III
would have yielded the secondary amine IV on
reductive cleavage

Raney Ni

PhCH;CH(CH;)N NH, o

<
111 CH(CHs):

PhCH,CH(CH;)NH + NH;

v CH({CHai)a

The preparation of the mono-(aralkyl)-hydra-
zones was accomplished in excellent yields (80~
100%) by treating the ketone or a moderately
reactive aldehyde (e.g., hydratropaldehyde) with a
three molar excess of hydrazine hydrate, the
carbonyl compound being added slowly to the re-
fluxing methanolic hydrazine hydrate solution.

(8) H. C. Rrown and RBR. C. SubbaRao, Tars Jourwar, 78, 2582
(1G58
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In many instances these hydrazones were reduced
in their crude form, i.e., without distilling them
first.

3,4,5-Trimethoxybenzaldechyde forined a hy-
drazone with difficulty and in very low yield.
Hence, the aldehyde wus reduced to the alcohol
with lithium aluminum hydride in tetrahydrofuran
(a sodium borohydride reduction in methanol was
unsuccesstul). 3,4,5-Trimethoxybenzyl alcohol
was then converted to the chloride with thionyl
chloride in chloroform and the latter reacted with a
methanolic solution of hydrazine hydrate to form
the desired hydrazine in 629; yield. The syn-
thesis of the N,N’-di- or N,N’,N’-trisubstituted
hydrazines was quite readily accomplished by the
reductive hydrazinolysis of the respective ketone
or aldehyde with the unsymmetrically substituted
hydrazine in the presence of platinum oxide and
alcoholic acetic acid. The unsym-aralkyl hydra-
zines V were obtained by the nitrosation of the
secondary amine followed by the lithium aluminum
hydride reduction of the nitrosamine®

LiAIH,
Ph—Y—N—NO Ph—Y—N-—NH;
| THE
R Vv Ry
R, = alkyl

In order to study the effect of a reduced phenyl
ring on physiologic activity, we attempted to
prepare l-cyclohexyl-2-propylhydrazine wia the
nuclear hydrogenation of the phenyl derivative
with platinum oxide in glacial acetic acid. How-
ever, the only product obtained was 1l-cyclohexyl-
2-propylamine. The compound was finally pro-
duced by the reduction of phenylacetone to 1-
cyclohexyl-2-propanol, oxidation to the propanone
followed by reductive hydrazinolysis of l-cyclo-
hexyl-2-propanore.

In the preparation of the aralkyl hydrazides VI
we were not successful in producing them directly
from the mono-(aralkyl)-hydrazines and the re-
spective esters. We did obtain the desired com-
pounds, however, by the reductive aralkylation of
the hydrazides following the method of Fox and
Gibas!?

RCONHNH; + PhCH;COCH; —>

RCONH—N = C(CH,;)CH:Ph
l (H]
* Pt02
RCONH—NHCH(CH,)CH,Ph
VI

The Raney nickel cleavage of the nitrogen-nitrogen
bond first reported by Ainsworth!!!? and extended
by Hinman¥~" proved in our hands a convenient
means of producing pure primary and secondary
amines starting with either a miono-aralkyl hy-
drazine, a sym-N,N’-disubstituted aralkyl hy-
drazine or an unsym-N,N-disubstituted hydrazine

(9) C. Hanna and F, W, Schueler, ¢bid., T4, 3693 (1952).

(10) H, H. Fox and J. T. Gibas, J. Org. Chem., 17, 1653 (1852).
(11) C. Ainsworth, TH1s Jour~aL, 78, 1635 (1956).

(12) C. Ainsworth, i¥id,, 78, 1636 (1956).

(13) R. L, Hinman and J. Rosene, J. Org. Chem,, 21, 1539 (1956).
(14) R. L. Hinman, ¢bid., 23, 148 (1957).

‘13) R. I.. Hinman, THI1s Tomexar, T9, 414 (1057
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Raney Ni

(H]
PhCH,CH(CH,)NH, + NH,
7%

; (PhCH:);NH + NH,
66%

That this represents a fairly general preparative

method for producing primary and secondary

amines has been demonstrated by us for a variety

of hydroxyalkylhydrazines, aminoalkylhydrazines

and heterocyclic hydrazines.$

[PhCH,CH(CH;)NH—],

Raney N
(PhCH,);N—NH,

Structure—Activity Relationships

It had previously been demoustrated by Zeller
that certain hydrazine derivatives such as methyl-
and ethylhvdrazine, as well as N-isopropyl-N’-
isonicotinoylhydrazine (iproniazid) are potent
inhibitors of monoamine oxidase (MAOQ),7".18
the enzyme responsible for the metabolic degrada-
tion of such central excitatory hormones as epi-
nephrine, nor-epinephrine and dihydroxyphen-
ethylamine (dopamine) in animals!*~% and man.
Herce, the compounds were screened by us (P.A.N.,
A.C.C.,, AH) for both their iz vitro and in vive
MAO inhibitory effects and their analeptic proper-
ties.

The tests were based on the ability of MAO
inhibitors to prevent the metabolic destruction of
such endogeunous mono-amines as serotonin, epi-
nephrine, nor-epinephrine and dihydroxyphenyl-
ethylamine (dopamine) as shown bv Pletscher,
Shore and Brodie®?* as well as Carlsson and
Chessin.”® Analeptic potency was measured by
the ability of the test drug to arouse the animal
from its reserpine stupor. This type of action
would be comparable to that of amphetamine or
Ritalin.®?® The structure-activity data are sum-
marized in Tables VIII and IX.

The length and character of the alkylene side
chain was of paramount importance to MAO
inhibitory and analeptic properties of the com-
pounds. While phenylhydrazine (no. 1) was devoid
of any activity, benzylhydrazine (no. 2) was a
potent MAO inhibitor. Lengthening the straight
alkylene chain (nos. 3 and 3a) resulted in a sharp

(16) J. H. Biel, W. K. Hoya and H, A. Leiser, THIS JOURNAL, 81,
2527 (1959).

(17) E. A. Zeller and J. Barsky, Proc. Soc. Exptl. Biol. Med., 81,
459 (1952).

(18) E. A, Zeller, J. Barsky, J. R. Fouts, F, A, Kirchheimer and L. S.
Van Orden, Experientia, 8, 349 (1952),

(19) K. H. Beyer, Physiol. Rev., 26, 169 (1946).

(20) K. H. Beyer and H. S. Morrison, Ind. Eng. Chem., 87, 143
(1945).

(21) R. W, Schayer and R. L. Smiley, J. Biol. Chem., 202, 425
(1953).

(22) R. W. Schayer, R. L. Smiley, K. J. Davis and VY, Kobayashi,
Am. J. Physiol., 182, 285 (1955).

(23) J. Axelrod, Science, 127, 754 (1958).

(24) O. Resnick, J. M. Wolfe, H. Freeman and F. Elmadjian, ¢bid.,
127, 1116 (1958).

(25) A. Pletscher, P, A. Shore and B. B. Brodie, #bid., 122, 374
(1955),

(26) P. A. Shore, A. Pietscher and B, B. Brodie, J. Pharmacol. Expti.
Therap., 116, 51 (1956).

(27) A. Carlsson and N. Hillarp, Kumgl. Fysiogr. Sallsk. Lund. Forh.,
26, 1 (1956).

(28) M. Chessin, E. R. Kramer and C. C. Scott, J. Pharmacol. Exptl.
Therap., 119, 453 (1957),

(29) R. A, Maxwell, A. J. Plummer, J. J. Paytas, S. D. Ross and
A 1. Daniel, Proc. Soc. Exptl. Biol. Med. 84, 433 (1957).
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drop of the im vivo activity. However, the addi-
tion of a methyl group to the side chain afforded
very powerful MAO inhibitors (nos. 7, 8 and 9), of
which only the N-aminoamphetamine compound
(no. 7) displayed also potent analeptic activity.
This compound was the most active member of
the entire series both as an MAO inhibitor and
analeptic agent. Its potent properties have been
confirmed in other animal tests*®*—*? and in man.***4
It is interesting to note that the structural pre-
requisite for optimum central stimulant properties
appears to be l-phenyl-2-propyl side chain which
parallels the structural relationships in the sym-
pathomimetic series where only the 1-phenyl-2-
propylamine (amphetamine) displays potent CNS

stimulating activities:
@cmgmaz ©CH:9HNHNH-:
| F CH; CH;

JB-516

Amphetamine

Barger and Dale® demonstrated similar structure-
activity relationships for the sympathomimetic
activities of the aralkylamines. Maximum pressor
activity was associated with a 3-phenethyl or an
a-methyl-3-phenethyl side chain.

Replacement of the phenyl with a heterocyclic
ring (nos. 12-16) brought about a sharp drop in the
MAQO inhibitory action. The thienyl group which
is usually considered isosteric with the phenyl
ring afforded also the most potent of the hetero-
cyclic derivatives synthesized.

Similar findings have been reported for some
heterocyclic sympathomimetic amines of the pyri-
dine and thiophene series.®®—%° Nuclear substi-
tution, N-alkylation and N-acylation (Table IX)
generally reduced MAO inhibitory activity and
reduced or abolished the analeptic properties of
the unsubstituted derivatives. The 3,4-methyl-
enedioxy and 3-chloro derivatives (nos. 20 and 23)
were among the more potent of the nuclear-substi-
tuted compounds.

Nuclear substitution in the amphetamine series
likewise abolished or sharply decreased the central
stimulatory action of the parent coinpound.i®—#

(30) S. Spector, D. Prockop, P. A. Shore and B. B. Brodie, Science,
127, 704 (1858).

(31) A. Horita, J. Pharmacol. Exptl. Therap., 122, 176 (1958).

(32) J. H. Biel, A. E. Drukker, P. A. Shote, 8. Spector and B. B.
Brodie, THis JourNaL, 80, 1519 (1958).

(33) (a) H. V. Agin, Am. Psychiatric Assoc. Meeting, San Francisco,
Calif., May 13, 1958; (b) Anwn, N. Y. Acad. Sci., 68, in press.

(34) N. S, Kiine and J. C. Saunders, Society of Biol. Psychiatry
Meeting, San Francisco, Calif., May 10, 1958,

(35) G. Barger and H. H, Dale, J. Physiol., 41, 19 (1910).

(36) L. A, Watter, W. H. Hunt and R. J. Fosbinder, TH1S JOURNAL,
63, 2771 (1841).

(37) K. Fromherz and H. Spiegelberg, Helv. Physiol. Acta, 6, 42
(1948).

(38) G. Barger and A. P, T. Easson, J. Chem, Soc,, 2110 (1938).

(39) E. Campaigne and W, C, McCarthy, THiS JoUur~NAL, 76, 44606
(1954).

(40) D. A. Marsh and D. A. Herring, J. Pharmacol. Exptl. Therap.,
100, 298 (1950).

(41) M. R, Warren and H, W, Werner, bid., 88, 119 (1845).

(42) T. M. Patrick, E. T. McBee and H. B. Hass, THIS JOURNAL, 68,
1009 (1946).

(43) W, Hartung, {nd. Eng. Chem., 87, 126 (1945).

(44) L. S. Goodman and A, Gilman, “The Pharmacologic Basis of
Therapeutics,” 2nd edition, The Macmillan Co., New York, N. V.,
1954, pp. 505--527.
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TasLE 1
R _R,
@ CHzC:VN\
\R2
CH,
Y\<R’ P — - - Nitrogen, Tgor o
I R °C. Min. Forinula Ltlcd Found
H NH,; 81 0.17 CoHpNp" 18.90 19.00
4-MeO NH, 124 L0135 CieH1 N0 15.72 15.62
3,4-(MeO)e NH. 147 .04 C1Hi6N20, 13.46 13.22
3,4,5-( MeO Jy NH, 156 .05 CpoHi5sNL04" 11.76 11.44
3,4—02CH.‘ I\le 135 . 0‘3 ClonOgNg 14 . 56 14 46
2-Me NH; 93 L04 CioHuu N, 17.38 17.00
4-Isopropyl NH, 117 L12 CiH N, 14,72 14.70
H NHCH; 83 1.0 CoHi N, 17.26 16.98
I N(CHg)g 67 0.15 CiH;N» 15.90 15.86
13 ,2,3,4-THIQ" 162 0.35 CisHao N 10.60 10.76
@ Angl. Caled.: C, 72. 9_; H, 818, Found: C, 72.98; H, 822, * M.p.63° ¢ Tetrahydroisquionoline.
TaBLE 11 amines has yielded a number of potent central
© o SEBRLT Formula | Coiitrogen, % stimulants and monoamine oxidase inhibitors.
' ' ' The structural requirement for optimum CNS
R stimulating properties appeured to be a 1-phenyl-
@C(Rl,=N—‘NH2 2-propyl skeleton. Nuclear substitution or hydro-
genation of the phenyl ring, alkylation or acylation
H C.H;, 82 0.4 CyHi2N:  18.90 18.70 of either nitrogen atom, and replacement of the
H CHs 93 .8 CyHoN;  20.88 20.50 phenyl by a heterocyclic ring abolished or sharply
4-MeO 127 .38 CsHyN,O 18.66 18.58 reduced the analeptic properties and decreased
MAO inhibitory potency. Similar parallelisms
@CH(K JCH,C (CHy==N—NH, in the structure-activity relationships are to be
found among the sympathomimetic amines. The
) . sympathomimetic hydrazines differ, however, from
H 9 0.07  CoHuN, 17.22 16.96  the parent amines in several important respects:
4-MeO H 134 0.1 CuHisNaO 14.56 14.3 (1) they are much more powerful MAO inhibitors,
{(2) they are not metabolized as rapidly by the
[@CHQC CHg):NJ, body’s enzyme systems and thus afford a pro-
42 longed duration of action, (3) they decrease blood
pressure instead of increasing it,* (4) they do not
147 0.06  CsHypN: 10.44 10.5 cause tachyphylaxis on repeated administration and

Alkylation of the nitrogen bearing the aralkyl
group (no. 32) was particularly detrimental to
both types of activity. Curiously enough, this
compound which is a true nitrogen isostere of am-
phetamine was entirely devoid of any analeptic
properties.

It was shown by Tainter® that N,N-bis-dialkyla-
tion of amphetamine practically abolishes the
analeptic properties of the free or mono-alkylated
amines.

Although the N-isopropyl compound {no. 27)
appeared only 1noderately active in the initial
screening test, Spector?® found that on repeated
administration this compound appeared to be as
effective as compound no. 7 in raising serotonin
and nor-epinephrine brain levels in the rabbit.
It is possible that this compound is converted
metabolically to a more active derivative. Of the
N-acyl derivatives the H-pyrrolidone-2-carboxyl
(no. 36) group afforded by far the most potent
MAOQ inhibitor.

Conclusions.—The replacenient of an amino by a
hydrazino radical in a series of sympathomimetic

(45) A. Novelli and M. L. Tainter, J. Pharm. Exptl. Therap., T7,
124 (1943),

(46) S. Spector, P. A. Shore and B. B, Brodie, Fail Meeting of the

Am. Soc. for Pharmacol. Exptl, Therap., Ann Arbor, Mich., Aug. 22—
28, 1058,

(5) they tend to increase appetite rather than de-
crease it.

Several of the compounds are now undergoing
intensive clinical trial for the treatment of the
mentally depressed state and as possible thera-
peutic agents in the field of cardiovascular diseases.

Acknowledgment.—We are indebted to Mr. E.
Kluchesky for the analytical data. We also wish to
thank Dr. H. L. Friedman for his helpful sugges-
tions and Dr. H. L. Daiell for his continued interest
and encouragmennt throughout the course of this
project.

Experimental

Phenyl Alkanones.—The general method of Hass® was
followed, consisting of reductive hydrolysis of nitro-alkenes.
Ketones not earlier mentioned in the literature are:

1-(3’,4'-Methylenedioxy )-phenyl-2-propanone, b.p. 80°

(0.08 mm.), #2p 1.5420. Anal. Caled. for C;HyOs:
CO, 15.74. Found: CO, 15.19.

1-(3’,4’,5'-Trimethoxy)-phenyl-2-propanone, b.p. 130°
(0.03 mm.), m.p. 67-68°, #¥D 1.5319. Anal. Caled. for
C12H1504 CO 12 49 Found CO

1-(3 Chloro) -phenyl-2-propanone, h p 73° (0,06 mm.),
n®p 1.5350. Anal. Caled. for CH,CiO: Cl, 21.03.
Found: Cl, 20.73.

Mono-aralkyl Hydrazones. Benzylacetone Hydrazone.—
A solution of 49.3 g. (0.33 mole) of beuzylacetone in 100 cc.
of methanol was added to a refluxing solution of 59 g. (1.0

(47) A. Sjoerdsma and L. Gillespie, private communication.
(48) H. Hass, A. Susie and R. Heider, J, Org. Chem., 18, 8 (1950).
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R A
H NH,
4-MeO NH,
3,4-(MeO). NH;
3,4,5-(M€O)3 NH2
3,4-0,CH. NH,
4-HO NH,
2-Me NH,
4-TIsopropyl NH;
3-Cl NH;
H NHCH;
H N(CHs)s
H THIQ’

¢ No definite m.p.; shrinks at ca. 150-160°.
¢ Base evolves nitrogen on standing.
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TasLE 111
R,
R@ CH,CHNHNC
i ™SR,
CHa,
Bases
B.p. Nitrogen, %

°C. Mm. Formula Caled. Found Salt

82-84 0.6 CyHis N 18.65 18.71 HCl
107 .2 CioH1sN:O  15.56 15.28 HCI
132 .04 CuHisN0, 13.32 11.71¢ H;PO;
142 .03 CyoHoN:O; 11.66 11.91 HCl
124 45 CioHs N0, 14.42 14,02 HCI
180 .05° CyHuN:O0 16.86 16.98

85 04 CuHisN, 17.06 16.67 HCI

90 .1 Ci1aHzoNs 14.56 14.32 H;PO;

86 .1 CeH,CIN;  15.09 12.667 HPO,

78 1.0 CioHsN, 17.06 16.86 HCI

60 0.35 CyHisN, 15.72 15.78 HCl
140 0.15 CisHzo N, 10.52 10.62 HC1

¢ Compound decomposes at ca. 265°.

» M.p. 124-126°,

2809
Salts —
Nitrogen, 9% Anion, % M.p.,
aled.  Found Caled. Found °C.
15.02 15.04 18.99 18.97 123
12,92 13.45 16.36 16.45 126
9.08 9.23 30.82 30.94 ¢
10.12 10.35 12.81 12.87 150
12.14 12.40 15.37 15.49 118
13.96 13.82 17.66 17.97 127
9.65 9.88 32,93 33.10 ¢
9.8 9.92 33.49 33.55 :
17.66 17.99 115-117
16.51 16.32 128
9.26  9.16 11.71 11.65 221

¢ No definite m.p.; compound shrinks at ca. 158°.
/1,2,3,4-Tetrahydroisoquinoline.

TABLE IV
Bases — Salts
B.p. Nitrogen, % Nitrogen, % Anion M.p.,
R Ri Rz °C. Mm. Formula Caled. Found Salt Caled. Found Caled. Found °C.
R
@——CH(R,)N(Rz)NHz
H H H 107 8.0 CrH1oN: 22.92 22,70 HCl 17.66 17.74 22.35 22.44 112-113
H CH; H 69 0.65 CsHpN: 20.56 20.24 H;PO, 11.96 11.88 40.56 40.74 150
H C.H; H 70 0.55 CeHuN: 18.65 18.77 HCI 15,00 14.98 18.99 19.05 108-111
H H CHs; 80 8.0 CsH 12N, 20.56 20.48 H;PO, 11.96 11.92 40.56 40.92 111-112
4-MeO H H 106 0.45 CgH;2N:0 18.40 17.78% HCI 14.85 14.88 18.79 18.67 205
3,4,5-(MeO); H H 140 0.1 C1oH15N:03 ° HCl1 11.26 11.18 14.25 14.26 176
R
@cmRJCHZN(RZ)NHz
H H H 74 0.1 CsHizN; 20.57 20.85 HC! 16.23 16.47 20.53 20.54 174
H CH; H 70 .1 CsHi N, 18.65 17.57¢ H;PO, 11.28 11.01 38.26 38.00 ¢
H OH H 133 .06  CgHpi2N,O 18.41 18.50 HCI 14.85 14.73 18.79 81.85 158
R
@—CH(RQCHgCH(CHa)N(Rz)NHz
H H H 82 .025 CyH;sN, 17.06 16.36% H,SO, 10.86 11.01 36.60 37.04 96
4-MeO H H 115 .15 CyHENO 14,42 14.43 H,S0. 9.58 9.54 32.8 33.09 104-105
O—CH=CHCH3NHNH,
112 0.6 CoHi2Ne 18.90 18.46 HCI 15.17 15.23 19.20 19.25 124-126
¢ Compound decomposes on distillation. * Caled.: C, 55.39; H, 7.48. Found: C, 55.58; H, 7.59. ©No definitc
m.p. ¢ Base evolves nitrogen on standing.
TABLE V
[YCH(R1)(CH)»CH(R)NH-],
B Base! —— - v**—vfb;i--————\
.p. Nitro o
Y Ry R: 7" °C. P Mm. Formula Calcdltr gem /Found
Ph H CH, 0 127 0.02 Ci1sH2No* 10.44 10.42
3,4-(MEO)2Ph H CH; 0 220 .06 C22H32N204 7.86 7.93
4-Isopropyl-Ph H CH; 0 175 .07 CaHgiN, 7.95 7.94
Ph CH; H 0 130-140* .08 CisHauN, 10.44 9.81°
Ph H CH; 1 150 .02 CaoHN, 9.46 9.26
CeHy H CH; 0 126 .25 C1sHyNy 9.98 9. 98

¢ Compound decomposed slightly during distillation.

174--175°.  Anal.

Caled. for CuIHaCINy: CI 11.63; N, 90,18,

b Base evolves nitrogen on standing.
Found: C1, 11.71; N, 9.15.

¢ M.p. of hydrochloride,
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TABLE VI ethereal solution was dried with potassium carbonate,
o filtered and fractionated; b.p. 82° (0.025 mm.), 36.4 g.
N o (69%), n¥p 1.5333. Anal. Caled. for CiHjeNa: N,
g CH=NTNHC-R 17.06. Found: N, 17.36.
CH, N-Aralkyl-N’,N’-Disubstituted Hydrazines. 1. N-(1-
‘Nm_o en, %, M Yield Phenyl-2-propylidenyl)-N’,N’-dimethylhydrazine.—To a
R Formula cated. ¥ Ford o ¢, ' solution of 54 g. (0.9 mole) of N,N-dimethylhydrazir{e in
. 500 ce. of methanol was added with stirring 120.8 g. (0.90
Ph2C(0H> C“H”l\f’oz 16':59 16.53 134-135 83 mole) of phenylacetone. After stirring for 8 hr. at room
4-Pyridyl CisHis N0, 16,59 temperature, the methanol was removed by distillation and
3-Pyridyl CisHisN20O;  16.59 16.53 134-135 83 thie residue was subjected to vacuum distilla'tion. The
2-Pyridyl CisHisN,0; 16.59 16.20 145-146 90 CornLDOtlrxg0 was collected at 67° (0.15 mm.), yield 144 g.
5-1-Glutamyl CHN:Oy 15,15 14.80 173-174 72 jpi/ep nip 15185, Anal. Caled. for CulieNe: X, 15.90.
5‘Ket°‘2.‘ i 2. N-(1-Phenyl-2-propyl}-N’,N’-dimethylhydrazine.—
pyrrolidinyl C,H;zN;CQ» 16.20 16.35 153-154 092 To a solution of 59.0 g. (0.33 mole) of the above hydrazone
TABLE VII
- 0
\ CH:CH(CH)NH—NHC—R(HCh»
o ~—-Nitrogen, ' /~——— ~——Chlorine, %—— M.p., VYield,
R 7 Formula Caled. Found Caled. Found °C. %
NC~-CH, 0 CisHi: N0 19.35 19.16 . e
Ph,C(OH) 1 CasHaCINO, 10.59 10.50 8.93 8.80 200~-202 66
4-Pyridyl 2 CisHisCLN;O 12.80 13.03 21.60 21.71 239-240 85
3-Pyridyl 2 CysH;5CleNO 12.80 12.69 21.60 21.43 237-238 55
2-Pyridyl 2 C1sH1sCLN;O 12.80 12.60 21.60 21.33 189-190 32
5-1-Glutamyl 0 CruHa N304 15.05 15.23 174-175 85
5-Keto-2-pyrrolidinyl 0 C1aH1: N0, 16.08 15.95 160-161 60
Tanre VIII
Ar-Y-NH-NH,
In vivo® In vitro Analeptich
potency potency activity
(Iproniazid = % inhibition (Amphet-
No. Ar Y 1) 10 M 10t M amine = 1.0)
1 P .. Inactive 0
2 Ph CHs- 40 100 21 ¢
3 Ph C:H~ 4 50 30 0
3a Ph CgHs— <1 0
4 Ph CH(CH;)- 20 0
5 Ph CH(OH )CHz~ 8 0 0
6 Ph CH(C.H;)- 2 65 5 0
7 Ph CH,CH(CH,)- 40 100 80 1.0
8 Ph CH(CH,)CH,- 16 80 25 0
9 Ph CH,CH;CH(CH,;)- 20 100 80 0
10 Ph CH=CH—CH,~ 2 0
11 Iproniazid 25 0 0
12 2-Pyridyl CH: 15 0
13 3-Pyridyl CH, 4 73 0
14 2-Thienyl CH. 8 57 0
15 2-Furyl CH; 0
16 2-Benzodioxane CH. 5 0
¢ Drug was admin. to mice (i.p.) 2 hr. prior to 5.0 mg./kg. (i.p.) of reserpine. * 5.0 mg./kg. (i.p.) of reserpine admin. to
nice 8—4 hr. prior to admin, of drug. ¢ Convulsions at 60 mg./kg.; Amphetamine is active at 1.0 mg./kg.

mole) of hydrazine hydrate 859% in 175 cc. of methanol.
The solution was refluxed for 2 hr. and the methanol re-
moved by distillation, The residue was extracted with
ether and the ethereal solution was dried over potassium
carbonate, filtered and fractionated. Benzylacetone hydra-
zone was collected at 96° (0.07 mm.), vield 46.5 g. (86%),
#D¥ 1.5521.

Anal. Caled.
16.86.

Mono-aralkyl Hydrazines. 1-Phenyl-3-hydrazinebutane.
—To a solution of 52.2 g. (0.32 mole) of benzylacetone hy-
drazone in 250 cc. of alcohol was added 19.3 g. (0.32 mole)
of acetic acid and the resulting solution was subjected to
hydrogenation in the presence of 0.5 g. of platinum oxide
catalyst at 60 p.s.i. of hydrogen. The catalyst was re-
moved by filtration and the alcohol was removed by dis-
tillation. Water was added to the residue and the mixture
was made alkaline by the addition of potassium hydroxide.
The resulting mixture was extracted with ether and the

for CyeHi:Ny: N, 17.26. Found: N,

in 150 cc. of ethanol was added 20 g. of glacial acetic acid
(0.33 mole) and the resulting solution was hydrogenated
in the presence of 500 mg. of platinum oxide catalyst at 60
p.s.. of hydrogen. The catalyst was removed by filtration
and the alcohol was removed by distillation. Water was
added to the residue and the mixture was made strongly al-
kaline by the addition of potassium hydroxide. The re-
sulting mixture was extracted with ether, the ethereal solu-
tion was dried with potassiuin carbonate, filtered and frac-
tionated. The product was collected at 60° (0.35 mm.),
n®p 1.4003, vield 43 g. (73%.). Anal. Caled. for CiHisNa:
N, 15.72. Found: N, 15.78.
N-Amino-1,2,3,4-tetrahydroisoquinoline.—To a mixture
of 26.6 g. (0.20 mole) of 1,2,3,4-tetrahydroisoquinoline and
170 cc. of water was added 51 g. of 309 sulfuric acid. The
solution was then cooled and, while stirring, a solution of 34
g. (0.49 mole) of sodium nitrite in 60 cc. of water was added
in 25 minutes at 5-10°. Stirring was continued for an-
other 2 hr. at room temperature. The solution was then
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TaBLE IX
AR
R CH,CH(CH3;)NH—N.
—@ “R,
In vivo® In vitro Analeptic?
PPty o mibition (Amphet-

No. R, Re R: azid = 1) 10 M 108 M amine = 1)
17 4-OCH;, H H 8 100 10 0.10
18 3,4-(OCHs)s H H 4 65 15
19 3,4,5-(0CHj)s H H 2 50 5
20 3,4-(CH,O1) H H 20 100 55 .07
21 2-Methyl H H 20 100 45 .08
22 4-Isopropyl H H 4 95 25
23 3-Chloro H H 20 100 49 .33
24 Hexahydro H H 4 86 0 .13

Iproniazid 1 25 0
25 H H CH, 3
26 H CH, CH, 8 0.10
27 H H CH(CH,) 2 07
28 H (CH,S0O;3Na), 16 100 .02
29 H H SO;H 20
30 H 1,2,3,4-THIQ® 2 0
31 H H CH(CH;)CH:Ph 2 12 0
32 PhCH,N(CH,)NH, 2 6 0 0
33 H H COCH.CN 2 0
34 H H Isonicotinyl 4 50 0 0
35 H H Benzilyl 2 0
36 H H 5-Pyrrolidone-2-carboxyl 8 90 30 0

¢ Drug admin. to mice (i.p.) 2 hr. prior to the admin. of 5.0 mg./kg. (i.p.) of reserpine.
¢ Tetrahydroisoquinoline.

admin. to mice 3—4 hr. prior to admin. of drug.

extracted with ether and the ethereal extracts washed with
50 cc. of 409, potassium hydroxide solution. The ethereal
extracts were dried over potassium carbonate, filtered, and
the ether was removed by distillation. The residue, con-
sisting of 29 g. of crude 2-nitroso-1,2,3,4-tetrahydroiso-
quinoline, was dissolved in 400 cc. of ether and the ethereal
solution was added in a dropwise fashion to a suspension of
8.8 g. (0.23 mole) of lithium aluminum hydride in 400 cc. of
refluxing dry ether, Stirring was continued for 4 hr. after
which the hydride complex was decomposed by addition of
40% potassium hydroxide. The reaction mixture was ex-
tracted with ether. The ethereal extracts were dried with
potassium carbonate, filtered and fractionated. The prod-
uct was collected at 85° (0.5 mm.), yield 21.7 g. (73%),
n®p 1.5793. Amal. Caled. for CyH;zN.: N, 18.90.
Found: N, 18.70.

N-Aralkylhydrazines in which N’ is Part of a Ring System.
N’-[N’/-(1-Phenyl-2 - propylidenyl)] -amino-1,2,3,4 - tetrahy-
droisoquinoline.—A solution of 37.1 g. (0.25 mole) of N-
amino-1,2,3,4-tetrahydroisoquinoline in 150 cc. of alcohotl
was added to a solution of 33.5 g. (0.25 mole) of phenyl-
acetone in 150 cc. of alcohol, The solution was refluxed for
3 hr. and the alcohol was removed by distillation. The
residue was extracted with ether and dried with potassium
carbonate. The carbonate was filtered off and the com-
pound was isolated by fractionation; 55.6 g. (84%) was
collected at 152° (0.35 mm.), n%p 1.5858. Anal. Caled.
for CisHoN»: N, 10.60. Found: N, 10.76.

N’-[N’’-(1-Phenyl-2-propyl)}-amino-1,2,3 4-tetrahydro-
isoquinoline.—A solution of 26.4 g. (0.10 mole) of N-[N’-
(1-phenyl-2-propylidenyl )] -amino-1,2,3, 4-tetrahydroiso-
quinoline in 175 cc. of dry ether was added in a dropwise
fashion to a suspension of 3.4 g. (0.09 mole) of lithium alumi-
num hydride in 200 cc. of dry ether. The reaction mixture
was refluxed and stirred for 5 hr, after which the hydride
complex was decomposed by addition of potassium hydrox-
ide solution. The mixture was extracted with ether, the
ethereal solution was dried with potassium carbonate,
filtered and fractionated. The product was collected at
135° (0.15 mm.), yield 22.5 g. (84%), n®p 1.5674. Anal.
Calcd. for C19H22N21 N, 10.52. Found: N, 10.62,

N,N’-sym-Bis-(aralkyl)-hydrazines. N,N’-Bis-(1-phenyl-
2-propylidenyl)-hydrazine.—A solution of 11.75 g. (0.20
mole) of hydrazine hydrate 85% in 50 cc. of methanol was
added to a solution of 53.6 g. (0.40 mole) of phenylacetone
in 500 cc. of methanol, The solution was stirred for 3 hr.

5.0 mg./kg. (i.p.) of reserpine

at room temperature. The methanol was removed by dis-
tillation and the residue was extracted with ether. The
ethereal extracts were dried with potassium carbonate,
filtered and fractionated. The azine was collected at 147°
(0.06 mm.), yield 47.3 g. (90%), »¥%p 1.5731. Anal.
Caled. for CsHyNs: N, 10.61. Found: N, 10.52. .

N,N’-Bis-(1-phenyl-2-propyl)-hydrazine.—To a solution
of 33.8 g. (0.125 mole) of N,N’-bis-(1-phenyl-2-propyliden-
vl)-hydrazine in 150 cc. of ethanol were added 15 g. (0.25
mole) of glacial acetic acid and the resulting solution was
subjected to hydrogenation in the presence of 500 mg. of
platinum oxide catalyst at a pressure of 60 Ib, The cata-
lyst was removed by filtration and the alcohol by distilla-
tion. The residue was taken up in water and made alkaline
with potassium hydroxide, The reaction mixture was then
extracted with ether, the ethereal extract was dried over
potassium carbonate, filtered and fractionated. The
product was collected at 127° (0.02 mm.), yield 27.6 g.
(80.5%), n®p 1.5468. Anal. Caled. for CisHauNa: N,
10.44. Found: N, 10.42.

3,4,5-Trimethoxybenzyl Alcohol.—To 6.5 g. (0.17 mole)
of lithium aluminum hydride (LAH) in 300 cc. of tetrahy-
drofuran (THF) was added with stirring 45.7 g. (0.23 mole)
of crude 3,4,5-trimethoxybenzaldeliyde in 200 cc. of THF.
After the exothermic reaction had subsided, the mixture was
stirred and refluxed for an additional 5 hr. The complex
was then decomposed with 40%, aqueous potassium hydrox-
ide, the organic phase decanted and dried with potassium
carbonate. The product was collected at 124° (0.06 mm.),
n20p 1.5432. Anal. Caled. for CipHuO4: OH, 8.38.
Found: OH, 8.30.

3,4,5-Trimethoxybenzyl Chloride.—To a solution of 25.5
g. (0.13 mole) of 3,4,5-trimethoxybenzy! alcohol in 130 cc.
of chloroform was added 29.8 g. (0.25 mole) of thionyl
chloride. After the mixture was refluxed for 2.5 hr., the
chloroform and excess of thionyl chloride were removed by
distillation. The residue was subjected to vacuum dis-
tillation through a 4’/ column; yield 21.1 g. (76%), b.p.
126° (0.7 mm.). Anal. Caled. for C;cH;3Cl0,: Cl, 16.36.
Found: ClI, 16.02.

Hydrazinolysis of Aralkyl Halides. 3,4,5-Trimethoxy-
benzylhydrazine.—A solution of 21.0 g. (0.098 mole) of
3,4,5-trimethoxybenzyl chloride in 100 ml. of ethanol was
added over a period of 1 hr. to a refluxing solution of 30 g.
(0.51 mole) of 85%, hydrazine hydrate in 200 ml. of ethanol.
After a reflux period of 6 hr., the alcohol was removed by
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distillationn. The residue was extracted with ether, the
ethereal extracts dried with potassium carbonate, filtered
and fractionated. The compound decomposed during
distillation; approx. b.p. 140° (0.1 mm.), yield 13.2 g.
(62%). The crude base was then converted to the hydro-
chloride: 2.12 g, of base was dissolved in a mixture of 20 cc.
of ethanol and 15 cc. of ether and ethereal hydrochloric acid
was added to pH 5. A white crystalline product was iso-
lated by filtration, vield 2.1 g. The hydrochloride was re-
crystallized from ethanol; m.p. 175°. Anal. Caled. for
CpHiCIN,Oy: N, 11.26; Cl, 14.25. Found: N, 11.11;
Cl, 14.16.

N-Aralkyl-N-alkylhydrazines. N-Methyl-N-benzylhy-
drazine.—A solution of 40.8 g. (0.27 mole) of N-nitroso~N-
methylbenzylamine in 150 cc. of tetrahydrofuran was added
dropwise with stirring in 20 minutes to a refluxing solution
of 15.2 g. (0.40 mole) of lithium aluminum hydride in 450 cc.
of tetrahydrofuran. Refluxing was continued for 5 hr.
after which the hydride complex was decomposed by addi-
tion of aqueous potassiumn hydroxide. The tetrahydrofuran
solution was decanted, dried over potassium carbomate,
filtered and fractionated. The product was collected at
80° (8.0 mmn.), yield 21.9 g. (599), n¥p 1.5352. Anal.
Caled. for CsH1sN;: N, 20.56. Found: N, 20.48.

N-Benzyl- and unsym-N,N-Dibenzylhydrazine.—Benzyl
chloride was treated with 859, hydrazine hydrate in the
manner deseribed above. From 126.5 g. (1.0 mole) of ben-
2yl chloride and 295 g. (5.0 moles) of the hydrazine hydrate
(854 ) there was obtained 90 g. (749,) of N-benzylhvdra-
zine, b.p. 107° (8.0 mm.), #”p 1.5601 (Anal. Caled. for
CiHwNy: N, 1146, Found: N, 11.35) and 21 g. of N,N-
dibenzylhydrazine, m.p. 53° after recrystallization from
n-heptane.

Reductive Cleavage of Aralkylhydrazines. (a) Cleavage
of N,N-Dibenzylhydrazine.—To a solution of 6.3 g. (0.50
mole) of N,N-dibenzylhydrazine in 100 ml. of ethanol was
added 1.5 tablespoons of alcohol-washed Raney nickel and
the mixture was subjected to reductive cleavage at 50° and
6} 1. pressure for 4 hr. The catalyst was removed by
filtration and the alcohol by distillation. The residue was
fractionated through a short columin. No low boiling frac-
tion (benzylamine) was obtained and our vield consisted
exclusively of 3.9 g. (669;) of dibenzylamine, b.p. 111°
(0.08 mm.), n¥p 1.5718. Anal. Caled. or CyH;;N:
N, 7.10. Found: N, 7.01.

The amine was converted to the hydrochloride salt in a
Y09 vield, m.p. 265-266°. Amnal. Caled. for C;;H;sCIN:
N, 5.99; Cl,15.17. Found: N, 5.98; Cl, 14.93.

Cleavage of N,N’-Bis-(l-phenyl-2-propyl)-hydrazine.—
Three teaspoonfuls of alcohol-washed Raney nickel was
added to a solution of 13.4 g. of N,N’-bis-(1-phenyl-2-
propyl)-hydrazine in 250 cc. of alcohol and the mixture was
subjected to reductive cleavage at 60° and 400 lb. hvdrogen
pressure for 12 hr. The catalyst was removed by filtration
and the solvent by distillation. The residue was fraction-
ated through a 127 coluinn; 10.4 g.(77%) of phenylisopro-
pylamine was collected at 80° (12 mm.), n®p 1.5175. Anal.
Caled. for CgHyyN: N, 10.36. Found: XN, 10.24. The
amine was converted to the hydrochloride in 979 vield,
uL.p. 147°, which was raised to 151° after recrystallization
from a mixture of isopropyl alcohol and ether. Anal.
Caled. for CHLCIN: N, 8.16; Cl, 20.65. Found: N,
8.15; ClI, 20.47.

N-(1-Phenyl-2-propyl)-N’,N’-bis-(methylene Sodium
Sulfonate)-hydrazine.—To a solution of 15.7 g. (0.15 mole)
of sodium bisulfite and 10.3 cc. (0.14 mole) of 379, formalin
in 25 cc. of water was added dropwise 20.3 g. (0.135 mole)
l-phenyl-2-propylhydrazine. The mixture was refluxed for
2 hrs. and then concentrated ¢n# vacuo. The gummy residue
was crystallized from 450 cc. of isopropyl aleohol and col-
lected by filtration; yield 27.2 g. (959%). Awnal. Caled.
for CnHpeNaeN.0sS,: N, 7.33; Na, 12.03. Found: N,
7.61; Na, 12.03.

N-(1-Phenyl-2-propyl)-hydrazino-N’-methylenesulfonic
Acid.—To 5.73 g. {0.015 mole) of the bis-methylene so-
dium sulfonate compound in 50 cc. of water was added 7.3 g.
(0.075 mole) of concd. hydrochloric acid. On standing for
several days, the solution yielded a white precipitate, which
was collected by filtration and washed repeatedly with water;
vield 3.11 g. (85%), m.p. 133-135°. Amnal. Calced. for
CioH1sN2S0;: N, 11.47; S, 13.13. Found: N, 11.26; S,
13.31.

(49) T. Curtius, Ber., 34, 552 (1901).
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Alkylation of Sterically-hindered Hydrazines. The Re-
action of l-Phenyl-2-bromopropane with Isopropylhydra-
zine.—To a solution containing 71.6 g. {0.97 mole) of iso-
propylhydrazine in 250 cc. of n-butyl alcohol was added
dropwise 203 g. (0.97 mole) of 1-phenyl-2-bromopropane.
The solution was refluxed with stirring for 56 hr. The sol-
vent was removed by distillation and the residue suspended
in 360 cc. of 0.33 nole aqueous hydrochloric acid. The
acid mixture was extracted repeatedly with di-isopropyl
ether and the aqueous phase nade strougly alkaline with
solid potassium hvdroxide. The alkaline mixture was ex-
tracted repeatedly with c¢ther and the ether extracts dried
with potassium carbonate. After removal of the solvent
and soine unreacted isopropyvlhydrazine, the residue was
subjected to a vacuum distillation and the distillate col-
lected at 123-126° (15 mm.), yvield 54 g., »n*p 1.5065.
Anal. Caled, for C:HyN2: N, 14.57. Found: N, 14.20.

Hydrochloride Salts.—To 51.8 g. (0.27 mole) of the above
distillate dissolved in 250 cc. of ether was added ethereal
hydrochloric acid to pH 1. The white solid was collected
by filtration, yield 58.2 g. (949), m.p. 110-118°. After
two recrystallizations from isopropyl alecohol and acetoni-
trile 25.2 g. (419) of a solid was collected, m.p. 146-147°.
A mixed m.p. with an authentic sample of N~(1-phenyl-2-
propyl)-N'-isopropvlhydrazine hydrochloride showed no
depression. A Raney nickel cleavage of the above base
(obtained by the neutralization of the pure hydrochloride
salt) yielded 1-phenyl-2-propylamine, m.p. of the hydro-
chloride salt 153-154°; a nixed m.p. with amphetamine
hyvdrochloride showed no depression.

The mother liquors from the recrystallization of the crude
hydrochloride salts were concentrated. However, only a
gummy mass remained which could not be purified further.
The residue was therefore converted to the free bases with
aqueous potassium hydroxide solution and alkaline mixture
extracted with ether. The ether was removed by distilla-
tion and the residual bases subjected to a Raney nickel
cleavage. No separation could be effected by fractional
distillation. The Hinsberg reagent (benzenesulfonyl chlo-
ride) vielded an oily sulfonamide in alkaline solution which
indicated that at least 509 of the cleavage product was a
secondary amine. The hvdrolysis of the oily sulfonamide
with 489 hydrobromic acid and phenol proceeded in low
yvield, but we were able to isolate a small amount of a base
which formed a hydrochloride salt, m.p. 156-157°; a mixed
m.p. with an authentic samiple of N-(1-phenyl-2-propyl)-N-
isopropylamine.HCl showed no depression. Hence, we
conclude that thie reaction of isopropylhydrazine with 1-
phenyl-2-bromopropane yielded the syvmmetrically sub-
stituted hvdrazine to the extent of 60-809, but that the un-
symmetrically substituted hydrazine is formed as one of the
by-products.

N-(1-Phenyl-2-propyl )-N-isopropylamine was prepared
by heating 0.30 mole of 1-phenyl-2-bromopropane and 1.5
moles of isopropylamine in 100 cc. of isopropyl alcohol in a
pressure bottle at 100° for 18 hr. The product was worked
up in the usual manner and collected at 96-97° (12 mm.),
vield 7.0 g., #%p 1.4902. Anal. Caled. for CpHeN: N,
7.90. Found: N, 7.82. The hvdrochloride salt melted at
156-158°; mixed m.p. with 1-phenyl-2-propylamine hydro-
chloride 118-122°,

The Reduction of Phenylacetone Hydrazone. A. Cata-
lytic Reductions. (1) Raney Nickel.—A solution of 39.3 g.
(0.27 mole) of phenylacetone hydrazone in 160 cc. of abso-
lute alcohol was subjected to hydrogenation at 60 Ib. pres-
sure and 50° in the presence of 6 g. of Raney nickel catalyst.
The catalyst was removed by filtration and the filtrate was
fractionated. 1-Phenyl-2-propylamine was collected at
06° (20 mm.), yield 17.5 g. (48.5%), n*p 1.5183. (Anal.
Caled. for GH;3N: N, 10.36. Found: N, 10.04), hydro-
chloride salt, m.p. 150-152°. A mixed m.p. with amphet-
amine hydrochloride showed no depression. The distilla-
tion residue was unreduced N,N’-bis-(1-phenyl-2-propyl)-
hydrazine.

(2) Platinum Oxide.—a. A solution of 37.0 g. (0.25
mole) of phenyvlacetone hyvdrazone in 425 cc. of absolute
alcohol was subjected to hydrogenation at 500 lb. pressure
in the presence of 1.0 g. of platinum oxide catalyst. The
catalyst was removed by filtration and the filtrate was
fractionated; 18.6 g. (49.5%) of 1-phenyl-2-hydrazinopro-
pane was collected at 82° (0.04 mm.), #%¥p 1.5338; hydro-
chloride salt, m.p. 122°; and 14.2 g. (43%,) of a mixture of
N,N’-bis-(1-phenyl-2-propylidenyl)-hydrazine and N,N’-
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bis-(1-phenyl-2-propyl)-hydrazine was collected at 138°
(0.02 mm.).

b. A solution of 37.0 g. (0.25 mole) of phenylacetone hy-
drazone in 425 cc. of absolute alcohol was subjected to hy-
drogenation at 80° and 500 lb. pressure in the presence of
1.0 g. of platinum oxide catalyst. The catalyst was re-
moved by filtration and the filtrate was fractionated; 15.8
g. (469,) of l-phenyl-2-propylamine was collected at 50°

R .); hydrochloride salt, m.p. 153°; and 10.5 g.
(38%) of l-phenyl-2-hydrazino propane, b.p. 80° (0.25
mm.); hydrochloride salt, m.p. 122°,

c. Alcoholic hydrochloric acid (0.50 mole) was added to
a solution of 74.1 g. (0.50 mole) of phenylacetone hydrazone
in 100 cc. of absolute alcohol and the resulting solution was
subjected to hydrogenation at 60 1b. pressure in the presence
of 900 mg. of platinum oxide catalyst. The catalyst was
removed by filtration and the alcohol by distillation. Dilute
hydrochloric acid was then added to the residue to pH 1 and
the solution was extracted with ether. The aqueous phase
was made strongly alkaline with potassium hydroxide and
was repeatedly extracted with ether, The combined ethe-
real extracts were dried with potassium carbonate and
fractionated 4n vacuo; 23.3 g. of amphetamine collected
(34.6%) at 95° (18 mm.), #®Dp 1.5171 (Anal. Caled. for
CyHsN: N, 10.36. Found: N, 10.10); hydrochloride salt,
m.p. 149-151°; 18.2 g. (24.2%) of 1-phenyl-2-hydrazino-
propane was collected at 75° (0.3 mm.), n®p 1.5369 (A nal.
Caled. for C,HuNs: N, 18.66. Found: N, 18.02); and
9.3 g. (14%) of a mixture of N,N’-bis-(1-phenyl-2-propyl-
idenyl)-hydrazine and N,N’-bis-(1-phenyl-2-propyl)-hydra-
zine was collected at 140° (0.5 mm.), »%p 1.5564.

d. To a solution of 741 g. (5.0 moles) of phenylacetone
hydrazone in 900 cc. of absolute ethanol were added 300 g.
(5.0 moles) of glacial acetic acid and the resulting solution
was subjected to hydrogenation at 1875 lb. pressure in the
presence of 10.0 g. of platinum oxide catalyst. The cata-
lyst was removed by filtration and washed with alcohol.
The alcohol was removed from the filtrate by distillation.
Dilute hydrochloric acid was added to the residue to pH 1
and the solution extracted with ether. The aqueous solu-
tion was then made strongly alkaline with potassium hy-
droxide and the alkaline mixture extracted several times
with ether. The combined ethereal extracts were dried
with potassium carbonate and fractionated; 512 g. (68%)
of l-phenyl-2-propylhydrazine was collected at 85° (0.3
mm.), n®p 1.5375 (dnal. Caled. for CoHpN:: N, 18.66.
Found: N, 18.74); and 160 g. (23.5%,) of a mixture of N,N’-
bis-(1-phenyl-2-propyl)-hyvdrazine and N,N'’-bis-(1l-phenyl-
2-propylidenyl)-hydrazine was collected at 135° (0.25 mm.),
n®p 1.557. This mixture was dissolved in absolute ethanol,
72 g. (1.2 moles) of glacial acetic acid was added and the
resulting solution was hydrogenated in the presence of 2.5 g.
of platinum oxide catalyst at 60 lb. pressure. The uptake
of hydrogen indicated that 369, of the above mixture had
been N,N’-bis-(1-phenyl-2-propylidenyl)-hydrazine. After
the usual work-up there was collected 150.8 g. of N,N’-bis-
(1-phenyl-2-propyl)-hydrazine at 127° (0.1 mm.), #n¥p
1.5458. Anal. Caled. for C3HuN.: N, 10.44. Found:
N, 10.40.

1-Phenyl-2-propylhydrazine Hydrochloride.—Into a
solution of 52.1 g. (0.35 mole) of the base dissolved in 50 cc.
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of isopropyl alcohiol and 520 cec. of diisopropyl ether was
passed gaseous hydrochloric acid to pH 1. The resulting
precipitate was collected by filtration and was recrystallized
several times from 500-cc. portions of acetonitrile; yield
56.2 g. (86.6%), obtained, m.p. 124-125°. A4nal. Calcd.
for CoH;5N:Cl: Cl, 18.99; N, 15.01. Found: Cl, 19.00;
N, 15.16.

Chemical Reduction.—A solution of 26.7 g. (0.20 mole)
of aluminum chloride was prepared in 200 cc. of diglyme.
To this solution was added 14.8 g. (0.10 mole) of phenyl-
acetone hydrazone, While stirring at room temperature,
a solution of 22.8 g. (0.60 mole) of sodium borohyvdride in
550 ce. of diglyme was added and stirring was continued for
2 hr., The borohydride was destroyved by addition of 100
cc. of coned. hydrochloric acid after which the reaction
mixture was made strongly alkaline with potassium hy-
droxide. The solution was repeatedly extracted with ether
and the combined extracts were dried with potassium car-
bonate, filtered and fractionated; 11.9 g. (899%) of N,N'-
bis-(1-phenyl-2-propyl)-hydrazine was collected at 135°
(0.03 mm.), n¥®p 1.5469. Anal. Caled. for CsHuNy: N,

10.44. Found: N, 10.06. Hydrochloride salt, m.p. 175~
176°, Amnal. Caled. for CigH.:CIN,: Cl, 11.63. Found:
Cl, 11.75.

Cleavage of 1-Phenyl-2-hydrazinopropane.—To a solution
of 12.3 g. (0.082 mole) of 1-phenyl-2-hydrazinopropane in
200 cc. of alcohol was added 3 teaspoonfuls of alcohol-
washed Raney nickel and the mixture was hydrogenated at
45° and a pressure of 60 p.s.i. till no more hydrogen was
taken up. The catalyst was then filtered off and the alcohol
was removed by distillation. The residue was fractionated
through a 3’/ column and 11.0 g. (999%) of l-phenyl-2-
propylamine was collected at 74° (8 mm.), a®p 1.5179.
Anal. Caled. for CgHisN: N, 10.36. Found: N, 10.15.

Hydrochloride.—Ethereal hydrochloric acid was added to
a solution of 6.75 g. (0.05 mole) of the base in 175 cc. of dry
ether. The white precipitate was filtered off, rinsed with
dry ether and dried in a vacuum desiccator; vield 7.2 g.
(849%,), m.p. 152-154°. Anal. Caled. for CsH,;;CIN: X,
8.16; CIl, 20.66. Found: N, 8.10; Cl, 20.79. A mixed
m.p. with amphetamine hydrochloride showed no depres-
sion,

The Preparation of Aralkyl Hydrazides. (a) N-(5-L-
Glutamyl )-N'-( 1-phenyl-2-propylidenyl )-hydrazine.— To
16.1 g. (0.10 mole) of 5-L-glutamic acid hydrazide dissolved
in 200 cc. of water at 35° was added 13.4 g. {0.10 mole) of
phenylacetone and the mixture stirred 3 hr. The white
precipitate was collected by filtration, vield 20 g. (729;),
m.p. 173°. Amnal. Caled. for C HpN;O3: N, 15.15.
Found: N, 14.90.

(b) N-(5-L-Glutamy!)-N’-(1-phenyl-2-propyl)-hydrazine.
—An aqueous methanol solution containing 5.54 g. (0.020
mole) of the above hydrazone was subjected to hydrogena-
tion at 60 lb. of hydrogen and in the presence of 750 mg. of
platinum oxide. The catalyst was removed by filtration
and the solvent by distillation. The residue was crystal-
lized from ether; vield 4.75 g. (85%), m.p. 174-175°.
Anal. Caled. for C HuyN;O3: N, 15.05. Found: N,
15.35.
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