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Experimental Section

L-Tyrosine,  3-todo-L-tyrosine, aud  4-hydroxyphenylpyravie
aeld were nsed ax obtalned from the Nutritional Biochemicals
Corp.  2-Amino -4 -hydroxy - 6,7 - dimethyitetrahydropteridine
(DAMPHy) and a-ketoghitarie acid were supplied from Calbin-
cheni.  3-lodo-4-hvdroxyphenylpyruvie acid was obtained from
the Cyclo Chemical Corp.  Pyridoxal phosphate aud 4-hydroxy-
plienyi-pr-lactic acid were obtaiued from the Sigma Chemienl
Corp.; the compound was recrystallized (Et:0) before axe.
30-"1-1-Tyrosine and HC-1-tyrosine, unifornily lnbeled, were ob-
tained from the New Lingland Nuclear Corp. p-Brouo-qe-
hyvdroxybenzoxyaniine, a powertal dopa decarboxylase inhibitor,
was supplied generonsly by Dr. RBidney Udenfriend of N. 1. H.
Flemental analysex were performed by (1. Weiler and . I3.
Stranss, Oxford, Eugland.

3-Iodo-4-hydroxyphenylacetic Acid.-~The iodination of 4-hy-
droxyphenyiacetic acid was carvied ont in an ice-salt bath
according to the procedure of Nakano aund Danowski® The
white cry=talline material obtained after one recrystallization
ot TLO) was dried at 709° /n vacuo vver PoOa nip 182-186°.
Anal (CyHAO0- TLOYC) 1L T

3-Iodo-1'C-1L-tyrosine.— Unitormly labeled 3-iodo-14C-1-1yro-
sine was prepared {from labeled “C-L-tyroxine accordiug to the
method of Pitt-Rivers” adapted for microsyuthesiz in the follow-
ing wner. Uniformly labeled MC-1-tyrosine (0.5 mCi, 1.OS
pM i LOml of 1N HCL) was carefully dried under Nu aud the
residie dissolved in 320 ul of 1V NH O, The =olntion was
cooled to near freezing, then iodinated with 212 ul of 0.01 N 1.
over 30 min. The iodinated mixture was dried mder Na aund
redissolved 11 200 wl of 1.V NHOH.  The solution was chro-
watographed in the BuOI-AcOH-H.O svstem deseribed below
and radioantographed for 10 miin. The band corresponding tn
motoiodotyrosine was cut from the paper and eluted slowly
with 20 ml of 2V HCI, and the eluate was dried under N..
Al hut 34 of the radioactivity could be recovered in this manner.
The residite was taken up in 6 mi of 0.005 N NaOII, the amount
of moenoiodotyrosine  was determined from the absorbance
leasurenient at 500 mp, and the radioactivity of the produet was
determined from a plauchet count ol a 20-pl aliquot.  The spe-
cifie activity of the nionoiodotyrosite was found to be 0.46 mCi
piiole; the yvield of MIT was 794, The NaOIl solution was
dried and the residine was dissolved i 2 mil of Krebs—-{tinger
pliosphate buffer without Ca?*; the final concentration was 426
uoles ml.

Paper Chromatography.-—Ascending paper cliromatography
wax carried ont on Whatman No. 1 paper at roon temperatire
n=ing n-BuOH-AcOH-H.0 (120:35:50) and n-BuOH -dioxane-2
N NHGOIH (4:1:2).%5  Approximately 50 ug of MIT aud of aa-
thentice metabolites were chromatograplhied with alkalized saniples
from =lice aud honiogenate experiments, After development the
loeation of the authentic compounds was established with av
light aud with the following spray reagent=: niuhydrin for amino
acids, 2,4-dinitrophenvihydrazine for a-keto aeids, and tast blue
=ult B followed by NaOH for pheuols*  Bands of concentrated
radioterivity identified by radioantography  and  intervening
areis were eonnted vuoa low-background  planchiet counting
~ysterll

Tyrosine Hydroxylase.— A tyrosine hyvdroxvlase preparation
wis obtaiued axing the directions of Nagatsi, et al.'® The enzyme
wis precipitated from the 105,000¢ supernatant of a bovine
medullary tiz=ne homogenate by the =low addition of =olid (NH,)-
S0y 1o 40¢0 sataration, The precipitate was centrifuged ut
14,000¢, =u=pended i1 a winitnm of 0.15 M phosphate buffer,
and Ivophilized under 1 num for 3 e the dey powder was col-
leeted and scored i a dessicator over silica gel at 0° until ready for
L EILN

Tyrosine hydrolyase was axsayved according 1o the method of
Udentriend, ¢f al.,® bhut DNPH, was used nstead of tetrahydro-
tolate and Fe? - 1-ditritiotyrosine was diluted to yield a solu-
Uotr containing 5 X 1078 nunole and an activity of 1.0 uCi tn the
20-pl aliquot n=ed i the assay.

(6) M. Nakano and T. 2. Danowski, Kndocrinology, 65, 889 (1859).

(7 R. Phi-Rivers, Chem. [nd, (London), 21 (1836).,

i8) M. Nakano, fadecrtnol. Jupon., 4, 273 (1057).

) 1o tall, “Thin-Layver Chromatograpby,” Arvademir Press [ne.. New
York, N. Y., 1965, p 401,

10y T, Nagaosi, M. Leviit, and X Udenlriend, /. Brol. Chen,, 239, 2010
(1964).
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Fluorinated a,w-Dialkylphenethylamines
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Holms, ¢t al.,! have shown that the anorexigenie ne-
tivity uf phenethylamines can be dissociated from their
effect on the central nervous system; halogenation
the nucleus and o, e-dimethylation produce compounds
which are only anorexigenie;*=* groups bulkicr than
methyvi in the o posttion and N substitution also give
active  anorexigenic  compounds.  The wost  1m-
portant of them is chlorophentermine (o, a-dimethyi-4-
chlorophencthylamine, T), and 1t is known that the
chloro compounds are more active than the bromo e
logs. Tt thus seemed of mterest to prepare the analo-
gous fluorime compounds,

The condensation of 3- and 4-fluorobenzylmagne-
stum chloride with acetone gave the tertiary aleohols 1,
which, when subjected to the Ritter reaction® with
NaCN 1w the presence of AcOH and HoS0,, led to the

Auormated a,a~dimethyl-N-formyiphenethylamines
(ITT).  Their acid hydrolysis afforded the desived con-
CH, CH,
CH_.(|‘——NH_, CH:(|7‘—()H
)©/ CH, @/ CH,
Ci F
1 11
CH, CH.

CH.C—NHCHO CH,C—NHR

il |
,@/ CH. CH,
F F

11 v
C.H;

CH,C—NHR

C.H,

\7

pounds IV (R = H)» while thelr reduction (LiAlH,)
led to the corresponding N-methyl dertvatives (1V,
R = CH;). When diethyl ketone was used instead of
acetone, compounds of type V were obtained.

Of the compounds described only N, o, a-trimethyl-4-

i1y T, Muhs, I Haas, R, Kopl, I. Meller-Nielsen, and P, V, T'ecorsen,
et harmacel, Toxirol., 17, 121 (1960).

(2) K. Opivz, drzietmittel-Forsch., 10, D52 (19151).

(3) G. C. Boxill, M. Ben, L. W. Hillvard, aml M. R. Warren, J. Fhuraond,
Ceptl. Therup., 137, 1498 (1Y62).

(4) J. R. Gylys, J. J. D. lart, and M. R. Warren, 14/, 137, 365 « [voz).

(5) For a review see (i. I. Poos, Ann. Rept. Med. Chem., H] (1465).

(6) J. Ritter and J. Kalish, J. Am. Ckem. Sec., 70, 4048 (1048).

(7) A. Kaluszyner, 8. Blum, and E. D). Bergmann, J. Org. Cheni., 28, 3588
(1963).

(8) Im several putents, (e syndesis of o, e-dimelliyt-4-flavropdceneddovt-
amine (1V, R = 11) las Lwen carried put Ly a similar method:s Tropon-
werke Dinklage, Belgian Pavent 830,858 (1964); Chem. Abstr., 62, 3U76
(1u65); Frencle Patent CAM66 (18635); Chem. Abstr., 62, 13087 (1365 ;
(ierman Patent 1,109,770 (1965); Chem. Abstr., €3, 17967 (1965); A, Welar
and J. Frossard, Freneh Palent M 4288 (1366): Chem. Ahstr., 68, 59250 ( 19681,

~
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PHARMACOLOGICAL DATA
Tests performed®
Local
No. Compd CNS Analgetic anesth Anorexic  Antimierobial Significant act., obsd MED?

1 IV, 3-F, R = H +c + —d - + CNS stimulation <12.5
Analgetic <60

2 IV,4F, R=H + + + - + CNS stimulation 15

3 IV,3-F, R = CH; + + - — + CNS stimulation 15-30
Analgetic 15

4 IV,4-F, R = CH; + + - + + CNS stimulation 15
Analgetic 15
Anorexic 50

5 V,3-F,R=H + + - — + Antidepressant 15

6 V,4F,R=H + + + + + Noue

7 V,3-F,R = CH; + + + + + Local anesthetie (tissue irritaut) 2

8 V,4-F,R = CH; + + + + + Analgetic 15

¢ In addition to the testing described, compotinds 4, 6-8 were tested for several other general pharmacological activities and fonnd to

be inactive.
ity indicated.

fluorophenethylamine showed some anorexigenie ac-
tivity.,  The other pharmacological observations
made on these compounds are summarized in Table I.*

Experimental Section

The peaks of the ir spectra were as expected.

N-Formyl-a,a-dimethyl-4-fluorophenethylamine (III).—A
Grignard solution was prepared from 0.1 mole of p-fluorobenzyl
chloride and 2.5 g of Mg in 50 ml of Et,0, diluted with C¢Hjs
(30 ml), and treated with a solution of 7 g of MeCO in 30 ml of
CeHe at such a rate that the mixture was kept boiling gently.
The reaction mixture was refluxed for 30 min and decomposed
at 0° with 300 ml of 109; NH.Cl. The organic layer was washed
(H,0), dried, and concentrated in vacuo at below 70°. The oily
carbinol (II) so obtained was added to a solution prepared from
0.1 mole of NaCN in 15 ml of glacial AcOH and 25 g of concen-
trated Ho80; in 15 ml of the same solvent. The addition was
carried out so that the temperature rose to 40-50°. The re-
action mixthire was stirred at 70° for 1 hr and at room tempera-
ture for 2 more hr and poured onuto 300 g of ice. When the
solution was neutralized with solid Na,COys, the product separated
as all oil. It was extracted (CeHg) and the solution so obtained
was washed (H.O), dried, and concentrated in vacuo: bp 134-
136° (1 mm), vield 5097. The product solidified on standing and
had mp 83° after recrystallization from cyclohexane. Anal.
(CuHWFNO) F.

N-Formyl-a,a-dimethyl-3-fluorophenethylamine (III) was pre-
pared analogously from 3-fluorobenzyl chloride; bp 128-130°
(6 mn1), 475%. Anal. (CLHFNO) F.

N-Formyl-a,a-diethyl-4-fluorophenethylamine (V,R = CHO)
was prepared analogonsly from 4-fluorobenzyl chloride and diethyl
ketone; mp 128° (from cyclohexane), yield 55%. 4nal. (CisHjs-
FNO) F, N.

N-Formyl-a,a-diethyl-3-fluorophenethylamine (V, R = CHO)
was prepared from 3-fluorobenzyl chloride and diethyl ketone;
nip 116° (from cyclohexane), yield 553%. Anal. (CisHisFNO) F,
a,a-Dimethyl-4-fluorophenethylamine (IV, R = H) Hydro-
chloride.—A mixture of 2 g of the N-formyl compound, 5 mi of
concentrated HCI, and 20 ml of EtOH was refluxed for 4 hr and
brought to dryness in vacuo. The residiie was recrystallized from
-PrOH-Et.O; mp 186°, lit.* mp 185-186°, yield 1.6 g (809,).

a,a-Dimethyl-3-fluorophenethylamine (IV, R = H) hydro-
chloride was obtained in 80% yield and melted at 204°, lit.10
mp 210° (from ¢-PrOH-Et,0).

a,a=-Diethyl-4-fluorophenethylamine (V, R = H) hydrochloride
was obtained in 779 yield; mp 177° (from EtOAc-Et,0).
Anal. (CH,CIFN) C, H, F.

a,a=Diethyl-3-fluorophenethylamine (V, R = H) hydrochlo-

(4) These stiulies have Leen carried ont Ly Messrs, Interlal,, Dewitt,
N. Y. We are grateful to thi¢ firm for tlie permission to publish tlieir
pharmacological results.

(10) Cf. Bcience Union et Cie-Société Francaise de Reclierches Medicales,
Belgian Patent 600,630 (1962); Chem. Abstr., 60, 1647 (1964).

b Minimal effective dose in mg/kg po, except for local anesthetic activity (7).

¢ Test performed. ¢ Not tested for activ-

ride was prepared in 809 yield, mp 167-168° (from Me,CO-
Et:0). Anal. (C.HsCIFN) F, N.

N,a,a-Trimethyl-4-fluorophenethylamine (IV, R = CHj;)
Hydrochloride.—A solution of 2 g of the N-formyl compound
(I11) in 50 ml of Et,O was slowly added to a well-stirred, ice-
cooled slurry of 0.4 g of LAH in 50 ml of Et:O. The reaction
mixture was stirred for 24 hr at room temperature, cooled in ice,
and carefully decomposed with H,O (ca. 5 ml); 5 g of MgSO,
was added and the gelatinous mixture was stirred for 10 min,
filtered, and washed several times with Et,0. Dry HCI was
passed into the ethereal solution to precipitate the hydrochloride,
which was recrystallized from Me,CO-Et.0, yield 709, mp 135-
136°, lit.® mp 135°,

N,a,a-Trimethyl-3-fluorophenethylamine (IV, R = CHj;)
hydrochloride was obtained analogously in 829 yield, mp 187°
(from ¢-PrOH-Et.0). Anal. (CuH: CIFN) C, H, N.

a,a=-Diethyl-N-methyl-4-fluorophenethylamine (V, R = CHj;)
hydrochloride was prepared in 839, yield, mp 179° (from Me.-
CO). Anal. (C3yHACIFN) C, H, F.

a,a-Diethyl-N-methyl-3-fluorophenethylamine (V, R = CHj;)
hydrochloride was prepared in 839, yield, mp 156° (from Me.-
CO). Anal. (C;3H,CIFN) C, H, F, N.

Pharmacology.—A summary of the pharmacological testing
and results is given in Table I. All of the compounds described
were tested for general CNS activity in the mouse. The CNS
testing includes determination of reflex depressant, behavioral
depressant, muscular relaxation, motor stimulation, and anti-
depressant activities. The test compound treated animals were
observed and compared to control animals emploving a rigid
scoring system. The mice were carefully observed for signs of
behavioral depression or stimulation. Their reaction to auditory,
painful, and tactile stimuli was also determined. Spontaneous
motor activity was compared to that of control animals. The
animals were observed for the presence or absence of the righting,
pinna, and corneal reflexes. The status of muscle tone was
determined by evaluation of the abdominal and limb tone. In
addition, grip strength was checked by placing the mice on a
vertical pole. Inability to climb the pole or to maintain them-
selves on the pole indicated a reduction of the parameter.

Testing for antidepressant activity was performed in mice by
intravenous injection of reserpine (5 mg/kg) 3 hr after the oral
administration of test compound. Reserpine normally induces
ptosis and descreased motor activity in these animals. A “reser-
pine reversal’” as indicated by one or more of the observations
given (Table I) suggests antidepressautfactivity: (a) increased
motor activity, (b) profuse salivation, (¢) reversal of reserpine
ptosis.

Analgetic activity was determined employing a modification of
the phenylquinone method of Sigmund, et al.!? The total number
of writhes for a group of test compound-phenylquinone treated
mice was compared to that of a group receiving only phenyl-
quinone. Evaluation was 60 min after test compound administra-
tion. A redtiction of 307, in the nuniber of writhes was ccn-
sidered significant.

(11) E. Sigmund, R. Cadmus, and G. Lu, Proc. Soe. Lzptl. Biol. Med., 95,
12 (1937).
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Anorexic activity wax evaluated in inice which were trained
to consume their daily food intake over an &-hr period. The
amount of food intake for a gronp of mice treated with a test
compound was determined and compared to that of a nontreated
control granp. A reduction of 309 in the test group was cou-
sidered significant.

Local anesthetic activity wu~ determined by inztilling a solation
of the test comipound into a rabbit eve and deterniining the
presence or abxetce of the corneal reflex. Absence of the corueal
reflex is (aken as an indication of local anesthetic activity. The
lowest eoncentration (per cent) preveuting the corneal reflex is
taken as the minimal effective dose for local anesthetic activity.

Microbiological Testing.—Text compounds were evaluated tor
antimierobial activity employing a seriex of grani-negative aud
gran-poritive organisiins.  In addition, these conipounds were
also tested for antitrichomonal and antifungal activity, Al of
these tests were perforined in ritro.

Phenothiazines Exhibiting Lesser

Extrapyramidal Manifestations

I1. 1. Sanyy, 8. Po BANERJEE, V. N, SHARMA,
axp e Lo Mrran

Depactment of Pharmacology,
S. M. 8. Medical College, Jaipur,
and Department of Chemistry,
University of Rajasthan, Jaipur, India

Received May 6, 1968

Since  alkylaminoalkvlphenothiazines are valuable
agents i pxychiatry, control of their extrapyramidal
side effects offers an important challenge. Several
ltriguing views regarding the relationship of tran-
quilizing poteney and extrapyramidal reactions are
veported i the literature.  Frevhan,! Haase,® and

ruite, ef al.,® are of the opinton that the ability of :
B , et al.? f the op 1 that the ability of a
drug to induce a Parkinson-like syndrome bears a
direct correlation to its therapeutic efficacy. Cole
and Clyde,* Brooks,” and Hollister,® on the other hand,
believe that the suppression of parkinsonism does not
lead to the impairment of therapeutic efficacy of tran-
quilizers and that the eclinical apperance of extra-
pyramidal sindromes in no way predicts the therapeu-
tie response nf a tranquilizer,

An endeavor to find out the relationship between
parkinsonism and antipsvchotic activity of a tran-
quilizer ean be made profitably on the basis of the
hypothesis  of  MeGeer,” @ al.  According to this
hypothesis, parkinsonism may be brought about by a
disturbance in normal brain equilibrium between sero-
tonin and eatecholamines on one hand, and histamine
as well ax acetvicholine on the other. Since the ther-
apeutic efficaey of the phenothinzine group of tran-
quilizers bears w close correlation to their antiadrener-
gies and antiserotonin® activity, the two possible wayx
to inhibit parkinsontsm without interfering with anti-
p=yvchotic aetivity 1s to enhance antihistaminie or anti-

1) I N Frevhan, “Extrapyramidal system and Neitrolepties,” J. M.
Bordelent, Il editions psyeliiatrigques, Montreal, 1961, p 483.

i2) 11. .1, 1laase, rel 1, 1+ 324,

a3y GGl Brore, O Morpargo, . Bielkus, T IKnpbayashi, T T. Towr-
lenies, and 1. B, Himwicl, Comprehensive 'sycidat., 8, 227 (1962).

1) 1.0, Cole and 1), 1. Clyde, Ree. Cua. Biol,, 20, 565 (1961).

(51 (1. W Beooks, New Hugl, f. Med., 354, 1119 (1956).

) L 1L Nollister, Clin, Phacinaeol, Therap,, 5, 321 (1964).

£7 1 L MeCeer, 1. 150 Boaldime, W. €L Gilwon, and R, G. Foulkes, J.
dar, Med, Yawee,, 17T, G635 (19611,

(8) R. N Welwster, Beit, S, Phuracol., 28, 566 (1065,

) DL L Tedesceli, R. L1 Telescld. and 15 0. Fellows, Arehl Tatern.
Dhovamegdya,, 132, 172 (10611,
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acetvleholine  aetion.  But  potent  nutihistaminies
among phenothiazines like promethazine or ethopropa-
zine possess little tranquilizing activity, while perphena-
zinne and trifluoperazine which are weak antihistannnies
are potent tranquilizers; therefore the only wav to re-
duce parkinsonism liability of phenothiazine tranqui-
lizers is to inercase thelr antiacetvicholine activity.
Shice oximes are well known as antidotes for organo-
phosphorus poizoning (anti-DIFP), we could =peculate
that anticholinergic quaternary oximes of phenothiazine
drugs might provide a tranquilizer with less liability
for Parkinzon disease, and that the study of these com-
pounds would lead ta certain clues for the velationship
between these two actions.

Three well-established phenothiazine tranquilizers,
riz. chlorpromazine hydrochloridde (CPZ), trifluopera-
zine dihydrochloride (T1'P), and perphenazine di-
hydrochloride (PER), were selected for the present
study.  These hydrochlorides, on treatment with 409
sodium hydroxide solution, provided their respective
frec bases, which werc treated with phenacyl bromide
oxime. This resulted m the precipitation of the qua-
ternary oxmie of each drug, riz., phenacyloxime chlor-
promazine bromide (I), diphenacyloxime trifluoperazine
dibromide (Il), and diphenacyloxime perphenazine
dibromide (I11).

SeeN

(CH.),Z[ CH.C(==NOH)C,H.

LY=Cl Z=N"(CH.),Br": n=1

7N

ILY=CF; Z="N NTCH2Brin=2

L Y=CLZ="N N*(CH.),0H2Br " n =2

CJ(

These compounds were assayed for their liability to
mduce catatonia in rats, a method whieh is believed to
produece symptoms stmilar to those of parkinsontsm. 191!
The effects were compared to those of thelr parent
drugs. Compound T at 10 mg/kg produced no cata-
tonta while CPZ at this dose produced 62.59 catatonic
reaction; Il at 3 mg/kg produced only insignificant
(209 eatatonia) imbalance of posture, but TI'P ex-
hibited 1009, catatonia at the same dose level.  Simi-
larly IIT at 3 mg/kg exhibited only 16.669% cata-
tonia while PER at an equivalent dose produced 1009
catatonic reactions.

Since these dertvatives (I-III) offered u marked re-
duction in parkingonism-like reactions over ther parent
drugs, it became of Interest to find out to what extent
these dertvatives werce devoid of tranquilizing property.
The tests emploved were as follows,

(1) Qualitative assessment of spontaneous motor
activity (SMA), ptosis, and the influence of tactile and
auditory stimuli on the mobility of mice by following a
double Dblind observational method.!”—-In  general,
these derivatives affected the SMA to a lesser extent as
compared to theilr parent drugs. III at 3 mg/kg com-
pared well with 1 mg/kg of PER. The case was similar

(1) WL Wirgl, R, Gosswald, UL 1Morlein, K. 1., FL Risse, and 11, Kreiskoo,
ihid., 118, 1 (1058).

(11) . Morpurza, ruge. Boaln Rex., 16, 121 (19651,

(12) F.CoDandiva and M. I, Menon, J. {harmarol. Bepth, Thevayi,, 145,
12 (1864,
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