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dixks of different sizes was 33.8 pmoles,/kg.1?  In this
test, the O-methylnordehydrobufotenine (Ilc) is ap-
proximately twice as active as mesealine (ED,, =
1.0 pmoles/kg),'t but i much less active than its
open-chain  analog, N, N-dimethyl-3-methoxytrypt-
amiue, which from published data®s can be estimated
to be much more than 30 times ax active a hallueinogen
ax mescaline,  When iujected subeutaneously into
NIH geueral purpose white mice, Ile at 20 mg/kg
causes only slight overt changes (reduetion in spon-
tancoux  activity)  while N N-dimethyl-5-niethoxy-
tryptamine at 10 mg/ kg causes profound effects. At
this dosage the mice lose the ability to move normally
and engage in locomotor activity with legs extended
lateralh-

Experimental Section!?

5-Methoxy-4-nitrogramine (la).—A =tirred mixture of 35 g
(0.1713 mole) of 3-methoxygramine and 100 ml of AcOll wax
cooled to 10° and treated dropwise with a =olution of 30 ml of
concerttrated HNOQ; (¢ 1.42) and 50 ml of AcOH over 30 min.
The mixture was allowed to wari to roowm temperatire, stirred
overnight, and then dilnted with 1 1. of ice-water. The resnlting
precipitate was filtered off, washed i 11,03, and dried. Recry=tal-
lization of the ernde Ia from MeOH vielded 4.5 g (549, ) of vellow-
brown needles, mp 158-195.5°. The niur spectrim was cousiztent
with the structive.  Anal. (CpliN;O0 COH, N

3-Methoxy-4-nitroindolyl-3-acetonitrile (Ib).-—A =olution of
4.0 ¢ (0,016 mole) of Ta and 0.5 mil of AcOIT in 100 ml of dry THF
was added dropwise to an ice-cold, stirred =olution of 13 nmil of
MesR80, and 0.5 ml of AcOH in 50 il of dry THF doring 30 min.
The resulting mixture was allowed to warm slowly to room tem-
perature and to stand for 15 hr. The product was collected by
filtration, washed (dry EwO), and then dried n cacwn over
CaCly to vield 4.5 g of methosulfate, mp 120-168°.

A mixtnre of 4.5 g of crude methosulfate, 120 ml of a NaOAc-
HOAc buffer (3.0 g of AcOH and 4.1 g of NaOAc¢ in 300 ml of
I11,O), a few millliters of Et,0O, and 4.0 g af NaCN was stirred
at rooln temperature for 20 hr,  The mixture was extracted (CH.-
Cly), and the extract was washed {H.0, dilnte AcOH, saturated
NuCl) and then dried (NawSOy).  After removal af the solvent,
the ernde product was reervstallized (MeOH) to yvield 2.5 g
(6%C7, based o 1b) of nitrile, mp 198.5-199.5°  Anal. (Cy .-
N0 C, T, N

5-Methoxy-1,3,4,5-tetrahydropyrrolo[4,3,2-d,c}quinoline (I1a).
Reductive Cyclization of 5-Methoxy-4-nitroindolyl-3-acetoni-
trite, (A) A mixture of 2 g (0.0086 mole) of Ib, 1 g of 10¢]
Pd--C, and 250 ml of IXtOAc¢ wax shaken with He at 3.87 kg/em?®
for 6 tr at 65° and for 15 hr at room remperature, and then
filtered through Celite. After removal of the solveut, the
crnde product was reerystallized from EnO-petrolenm ether
(bp 30-60°) to vield 80 mg of fine white needles of 3-methoxy-4-
aminoindolyl-3-acetonitrile  (Ie), mp 142-143°.  The white
erystalline componnd tirned alark blne when exposed to aiv
overnight. .nal. (ChHuN;0) C, H, N,

(B) The reaetion conditions employved {or reductive cyeliza-
tionn of S-methoxy-4-nitroindolyl-s-acetonitrile were identical
with method A except that EtOlT was nsed as the solvent.
The produet was purified in the same manner and elnted from u
silica gel column with PhH-L,0 «4: 1} io vield 350 Ing of =olid
which was recrystallized from Et,O-petrolenm ether to give 140
g of eolorless erystalline needles, mp 105-105.5°, of IIa. The
nir spectrill was consistent with the structure.  Anal. (ChiHpe-
N0 C I N

The second fraction, eluted from the silica gel with ether, was
reeryetallized from Et.O-petrolemu ether to give 50 mg of color-

i1y Tle authors are indebted to Dr. Uyeno for the pharmacologic testing
Ntanford Research Institute Researcli Fund) and for allowing us to report
Iuis findings,

(13) Melting points are corrected. ‘Wlere analyses are indicated by syni-
Liols of the elements, analytical results were obtained within +0.44% of the
1beoretical values, Spectral data were in agreement with assigned structures.
Nmr daka are reported in ppm from a TMS internal standard in CDCls unless
atherwise noted. Mass spectra were obtained witl an AFRI MS8-9 mass spen-

1vomnetér. Petrolenm ether used had Lip 30-60°.
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less erystalline needles, mp 170-171%. The <trnciure of this
compotd  was assigiied  ax T-methoxy-1,2,3,4,5,6-hexahydro-
pyrrolo[4,3,2-dciquinoline  (ITI).  The molecnlar weight  de-
teriined by niass speetrometry wax 190, The mmnr <pectrin:
was consistent with the strneture.  Anal. (C11NL05 CO 1L N

CC) A mixture of 4.0 g o Sanethoxy-4-uitrolindolyl-s-
acetonitrile, 1.0 g of 1 PA-C, and 300 1l of KiOl was Iivdro-
wented for 4 hroar 5% at e pressare of 387 kg em® The
mixture was filtered aned wushed with 20 wl of E1O1L Afio
the IO was removed, the blne-pink residie was chiromato-
graphed over silica gel 1 give 1the ouly identifinble produet,
Ila (N g,

6-Methoxy-5-formyl-1,3,4,5-tetrahydrepyrrolo{4,3,2-/,|quino-
line {1Ib1--To 2 ml of {ormic-acetic anhydride. cooled in on
ice hath, was added slowly 300 wmig 10.0016 molet of 1a. The
solntion was stirred 11 roont remperature for 2 s Atier F,()
4+l was added and the solntion was stirred tor nn sdditional
16 hry 10 was diluted (1,00, and then extracted 1CH.CLG The
extraet wis wished 110, dilute N1TLOTL, NaClsabation « diied
INaSOy 1 and conventrated in rarwo. The vield of crude formyl
derivative wax 220 mg. The rrude prodinet wis reervstallized
from EtO it vs give a white erv=talline solid. nip 145-146°
daeed (G LNLOy s O TN

(-Methylnordehydrobufotenine (Ilec;.-—I'y & ml of tan A/
borane i THEF (0,005 mole of Bl at ront temperatue wis
added dropwise, with stirring, a =solntion of 18 mg (0.0083 mole
of TIh in 10l of THE. The =olntion was <rirred ar roonn veni-
perature tor 24 e MeOU (Ll was added camionsly oy the
reactivn mixtire, ollowed by 10 ml of 2 aqueons NaOf]
The =olntion was extracted (CHCL ) and dried YN@0SO0 Alter
the =olvent was removed (n caevo, the residue was reery=tallized
{ront hexane to give 100 mg of white crvstalline <olid;  1mp S4.0
S350 mass spectrum ol wt, 2025 e, 300 cripler, 3-ClHL
340 cwipler, 4-Cllan 3225 (singler, NCH;y, 3200 v OCTHL S, 608
tdoublet. J = Neps, C-N 1D, 6.60 isingelt, C-2 12, 6.79 «donbler,
o= s eps, C-T 11, amd 7.68 dindole N e, Ol NLEL
¢, 1N
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2-Amino-3-phenyl-1.1,l-trifluoropropanes.
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The trifluoromethyl group is well suited beeause ol
its unique chemical and physiological stability!? ta
replace the methyl group in known pharmacologicenlty
aetive ecompounds.  Sinee a CP; group appears to be
approximately the same size as CH;® amphetamines
with CHj; replaced by CI; should have the same steric
requirements. However, the strong electrou-with-
drawing properties of Cl; will alter the basicity of the
adjacent amino moiety. Similar analogs of e-methyl-
phenylalanines, such as e-trifluoromethyldopa, have
been claimed to be as active as the parent a-methyl
compounds but with more specific effects.* We are
thereforercporting the synthesisand some pharmacology
of a series of 2-amino-3-methoxylated-phenyl-1,1,1-

(1) M. B. Chenowetivand L. I’. McCarty, Pkarmacol. Rev., 15, 673 (1963,

(2) N.P. Buu-Hei, Progr. Drug Res.. 3, 1 (1961).

(3) J. Lazar and W, A. Sleplerd, J. Med. Chem., 11, 138 (1968).

(4) M, Sletzinger aml W, A, Gaines (in Merck and Co., Ine.q, 170 %
I'atent 3,046,300 (10621,
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trifluoropropanes, fluorine analogs of methoxyamphet-
amines in which the a-CH; has been replaced by CT'.

The title compounds were synthesized by the route
used by Pinder and Burger’ for 2-amino-3-phenyl-
1,1,1-trifluoropropane itself. Several of the interme-
diates have been deseribed in the patent literature,*
but in our hands the method reported for hydrolysis
of the c-trifluoroacetylphenylacetonitriles to the benzyl
trifluoromethyl ketones gave only intractable tars. Fur-
thermore, no physical data are given in the patent and
we are reporting these for the first time.

The results of the pharmacological tests indicate
that no amphetamine-like activity could be detected
in a variety of tests designed to elicit behavioral re-
sponses. None of the title compounds displayed the
typical central-stimulating effects of amphetamine in
whole animals. However, the 3,4,5-trimethoxyphenyl
derivative (6), in the head twitch test, showed activity
of a type associated with hallueinogenie drugs; its ac-
tivity in this respeet was about one-tenth that of mes-
caline.

The results of this study and those of similar in-
vestigations® indicate that replacement of CH; by
CT; in phenethylamine-type molecules has a deleterious
effect on biological activity. Patent claims* indicat-
ing the beneficial effects of such substitutions have not
been substantiated.® The difference in size between
CH; and CT; is not such that it would be responsible
for completely abolishing biological activity, particularly
since both l-ethyl- and l-ethynylphenethylamine, with
« groups of larger dimensions? than those of CFj,
are active as inhibitors of monoamine oxidase and as
promoters of locomotor activity.® Furthermore, 1-cy-
anophenethylamine, where the « substituent is identi-
cal in size with the ethynyl group but with very dif-
ferent electronic characteristies, is without amphet-
amine-like activity.® It therefore seems that electronic
considerations must play the major part in determin-
ing the biological activity of a-substituted phenethyl-
amines. Certainly, the electron-withdrawing effect
of CFjissufficient to reduce the basicities of the amphet-
amines by almost 5pK, units, as, for example, in amphet-
amine (pK, = 9.93) and 1 (pK, = 4.97) and 3,4-di-
methoxyamphetamine (pK, = 9.60)!! and 4 (pK, =
5.00). « substitution by the nitrile group has an even
greater effect, l-cyanophenethylamine having a pK,
of 4.70. This sequence compares well with that in
the aliphatic analogs, where basicity increases in the
order aminoacetonitrile (pK, = 5.3),'? 2,2,2-trifluoro-
ethylamine (pK, = 5.7),'* and ethylamine (pK, =
10.75). Conversely, « substitution by CH; scarcely
affects basicity, amphetamine being only slightly
more basic than phenethylamine (pK, = 9.86).1
We must coneclude that o substitution of phenethyl-
amines by strong electron-withdrawing groups such
as CF3 or CN severely reduces the availability of the

(5) R. M. Pinder and A. Burger, J. Pharm. Sci., 86, 970 (1967).

(6) M. Sletzinger, personal communication.

(7) R. K. QOuelette, J. Amer. Chem. Soc., 86, 3089 (1964); M. E. Wolff and
T. Jen, J. Med. Chem., 6, 726 (1963).

(8) A, Burger, 3. E. Zimmerman, and E. J. Ariens, tbid., 9, 469 (1966).

{9) R. M. Pinder and A. Burger, unpublished work.

(10) G. P. Lewis, Brit. J. Pharmacol., 9, 488 (1954).

(11) E. B. Leffler, H. M. Spencer, and A. Burger, J. Amer. Chem. Soc., T8,
2611 (1951).

(12) 8. Soloway and A. Lipschitz, J. Org. Chem., 28, 613 (1958).

(13) E. R. Bissell and M. Finger, ibid., 24, 1256 (1959),

NorTEs 323

Tapre I
a~TRIFLUOROACETYLPHENYLACEYONITRILES

‘@CH(CN)COCFg
R

R Yield, % Mp. °C? Formula®
3-0OCH; 69 79-80.5 CiHsFsNO,- HaO)
4-OCH;s 61 73-74 CuHF:NO,-H,0
3,4-(0OCH;), 63 151-152 CpH  FiNO;
3,5-(0CHj)s 83 86-87 CuHpF;NO,
3,4:,5'(OCH3)3 80 136*1“;7 C|;H13F3N()4 H_‘O

« Recrystallized from CsHes. ® All componuds were aunalyzed
for C, H, N. Their ir and nmr spectra were as expected.

lone pair of electrons of the amiuo uitrogeu, aud this
factor is responsible for the lack of biological activity
in such compounds. However, it also seems possible
that lack of activity in the CNS is due to the deereased
ability of such compounds to pass the blood-brain bar-
rier.

Experimental Section

Melting points were determined in a Gallenkaimp capillary
melting point apparatus and are correeted. Where analyses are
indicated ounly by symbols of the elements, aunalytical resnlts
obtained for those elements were within £=0.4; of the theoretical
values. pK, valies were determined potentiometrically nsing a
Radiometer Titrograph SBR 2¢, and are accurate to £=0.05 unit.

a-Trifluoroacetylphenylacetonitriles (Table I)—In a typical
preparation, a mixture of 3,4,3-trimethoxyphenylacetonitrile
(20.7 g, 0.1 mole) and CI%COEt (14.2 g, 0.1 mole) in EtOH
(100 ml) was added over 30 min to a gently refluxing =olution of
Na (2.3 g 0.1 g-atom) in EtOH (30 ml). The whole was heated
under reflnx for 14 hr.  The cold dark red solntion was ponred into
a mixture of concentrated HCI (20 ml) and H.O (500 ml), ex-
tracted with Et-O (two 230-ml portions), washed (H.O), and
dried (MgS0,). Distillation gave a red oil which was erystallized
from CgHsg, yield 26 g.

Benzyl Trifluoromethyl Ketones (Table II).—Typically, a-
trifluoroacetyl(3,4,5- trimethoxy )phenylacetonitrile hydrate (16.1
g, 0.05 mole) was added to a mixture of 989, H.SO, (85 g) and
H,0 (30 ml) in a flask equipped with a 30-¢m nnpacked insulated
column. The mixture was heated to 180-200° and steam distilla-
tion from the top of the column began at 95-98°. H,O was added
slowly from the dropping funnel at such a rate that the tempera-
ture was maintained at 100°. After 6 hr, the distillate was
extracted with Et,0, dried (MgS80,), and distilled nunder rednced
pressure, yield 5.3 g.

The oximes were prepared by refluxing the ketones and
NH,OH HCl in pyridine-EtOH (1:1, v//v) for 2 hr, decomposing
the cooled reaction mixture with 3 ¥ HCl, and extracting into
Et,0.

2-Amino-3-phenyl-1,1,1-trifluoropropane Hydrochlorides (Ta-
ble III),—For example, a solution of 4-methoxybenzyl trifluo-
romethyl ketoxime (6.6 g, 0.028 mole) in dry Et.O (100 ml)
was added dropwise nnder N to a stirred suspension of LiAlH,
(1.2 g, 0.03 mole) in dry Et.O (30 ml). The mixture was heated
under reflux for 5 hr, and excess LiAlH, was destroyed (H-0).
Then 10¢ NaOH (100 ml) was added, the solid material was
filtered off, and the Et;O layer separated and was dried (MgSO,).
Removal of ether gave a yellow oil, from which the hydrochloride
was prepared in ether—petroleum ether (bp 30-60°). Sublimation
at 150~160° (1.0 mm) gave a colorless powder, yield 4.5 g.

Pharmacology, (a) Reversal of Reserpine Sedation in Mice.
—All compounds (1-6) (Table III) were tested for amphet-
amine-like activity in reversing the reserpine-indiiced sedation
in mice.'* In this test, reserpine (25 mg, kg) was injeeted subcu-
taneously to male albino mice; 2.5 hr later when all the animals
were prostrate and nnresponsive to stimuli, iutraperitoneal

(14) R. M. Burton, M. A. Sodd, and A. Goldin, Arch. Int. Phurmacodyn.
Ther., 112, 188 (1957),
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Val, 12

TasLe [1
Be~xzyil Trarurorosvernyn KeroNes

R
Yiehl, By (mnn or
R 5 mp, °C
A=OCH; 60 =771
1-O)C11, 68 67-70(0.5)
3,4-{0OCH3)» H8 102-104 (0.7
$,5-(OCHy) o7 66-67
34,5-(OCH; ). 38 8889

* All ketones were analyzed for (', 11,
B30-60°). « Ree footnote b, Table T.

CH,COCF;

Mp of
nxilne," ¢
5900
5152
(U800
ar1-42

Not isolated

Forapila®
Chal 10,
CioHF500
ChHpFaOy
CyHuFaOy- 2HL0
Cll i FaOy - 211,0

I'oraala’
CullinF,NO,
CiH N,
CillnlaNO;
(‘| | 1{|-_‘1“‘,1N( )i

Their ir aud nne spectra were as expected.  * Recry=tallized from Cesllg-petrolemnn ether (b

Tanre 111
2-AMINO-B-PHENY1~], ], [<IRIFLUOROPROPANE HYDROCHLOKTDES

CH,CH(CF;)NH,HCl
R
No.* R Yield, *5 Alp, °C Recry=tn solvenn I'ornnula” PR,
2 3-0CH; [ 171-178 ~PrOll-petr ether CillpFaNO -1 CT JUUN
B 4-OCH, 71 LRS-190 sublimed Cll I NO - HCL 506
4 3, 4-TOCH 3 176177 Sublimed+ CraFaN O TICT 5.0t
D 3,5=-(OCHa), 0 ItOH-petr etherr ChHuEFaNO, HCT 108
G 3.:4,5-(OCHy i 60 =PrOH-petr ether CulleFsNO,- HCL O.0d

» See fuootuote b, Table I ¢ C: caled, 46.97; found, 46.43.

“ Bp 60-80°.

* Componnds were sublimed at 150-160° (1.0 nun L

* Componnd 1 is 2-amino-3-phenyl-1,1, I-triflioropropane hydrochlorvide, pR, = 4.07.

imjections of the drigs nnder study were given.  Doses of -
atphetamine of 5 mg/kg and above regularly reversed the effect=
of reserpine; the mice became alert and showed spontaneons
activity. - Dozes of 40 mg/kg of 1-6 were completely withont
effect.

(b) Production of Head Twitches in Mice.—The methad'
Luax been elainied to detect activity of drugs produeing hallueino-
genic effectx in man. In this labaratory, subentaneons doses of
di-amphetamine prodince no characteristic head twitches i male
albino mice while doses of mescaline of 3 mg/kg and above regu-
Ly prodiuce aun appreciable nmuber of =uch twitches,  Com-
ponitds 1-6 were n=ed initially at 40 g kg but only 6 prodneed
any lead twitelies,  Assaved against mescaline in g =ix-point
assay =g ten mice per gronp, 6 showed a poteney relative 1o
mescaline of 0011,

(e} Neuropharmacological Action in Conscious Cats.-—-('aix
with clhironically ttuplanted stainless steel electrodex sited over
a~sociation and anditory areax of the cartex were prepared e-
cording (o the method of Bradley and Elkex.!™ The animals
were placed i a sonnd-proot ¢hypmber and their hehavior was
observed with the aid of cloxed cirenit television.  Electrocortical
getivity was recorded on an eight-channel Elema-Mingograpl
clectroencephalograph.  In the chamber the cats =aon hecaine
drowsy and showed a characteristic pattern of electrocortical
activity eonsisting of synelironized large-amplitnde (13 ¢p=s
wives with huests of =pindle activity at 8=12 epx. A dose of
dlamphermnine 12 mg ke ip) produced marked behavioral
alerting and increased attentiveness. The alerting effect per-
sisted for over 3 hir and diying this periad the 12LG0 <howed
eoutinons, alert, desvnchronized activiey consisting of  15-30-
cp= low-mnplitnde waves, I this test, doses of up to 25 mig kg
of 1 or 6 cansed bo detectable chunge either in the hehavior or in
the elecancortical aetvity of the cars.

(d) Actions in Cat Encephalé Isolé Preparations.—~}'lic
expoeriments were carried ont according to the nethod of Bradley
and Kev,' and enabled the effects of drngs on electrocortical
and hehavioral responses produced by eleetrical stimulation of
the brain stemn to be studied. A dose of dl~amphetainine (0.5
mgkg 1iv) decreased both behavioral and electracortical aronsal
threshold< by 504, After a total dose of 1.0 mg/kg the prepari-
tion remained belipvinrally alevt and there was typical desyuchro-

15) =0 Curne awl R W, Pickerinyg, fagehoploomiacolagtn, 11, 65 (1067 5,
(1) 1'. B. Bradley and J. Llkes, Bruin, 80, 77 (1957).
2171 1. B. Beadley umt B, I, ey, PG Clin, Newrophusyol, 10, WD 1143585,

nized activity in the 112G,
had nn effect in this test.

Total dosex of 20 mg/kg of 1 o1 6
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Synthesis of Indole Hydrazines

as Monoamine Oxidase Inhibitors's
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Monoamine oxidasc inhibitors have been reported
to possess antidepressanf® and pronounced anticon-
vulsant properties.®  In addition. elinical efficaey of
3-(2-aminobutyl)indole for the treatment of xome types
af depression® aud it= ability to inhibit rever<ibly rac
brain and rat hver monoaniine oxidase® led us to <y
thesize substituted indoleacyl hydrazides as conpounds
affecting the activity of the central nervous systent.
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