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Ethy! w-Phthalimidoocetoacetate Ethylene Thioketal.—Ester
II (5 g, 0.018 mol) and 2.7 g (0.028 mol) of ethanedithiol were
dissolved in CHCl; and 5.8 ml of BF;-etherate was added. The
solution was stirred 3 hr at 25°, then was washed with NaHCO,
solution, dried, and concentrated. After long standing it partly
crystallized from -Pr;Q, 3.1 g, mp 71-72°.  Anal. (CieH,;7NOSs)
C, H,N, 8.

Pyrrolidine-2,4-dione 4-Ethylene Ketal (XIV).—NaOMe (0.32
g, 0.006 mol) was added to a solution of 2 g of XT (0.006 mol) and
0.23 g (0.007 mol) of NHyOH in MeOH. The solution turned
pale yellow, then bright yellow, orange and, after 15 min, red.
Shortly afterwards a solid precipitated. After 16 hr, the solid
Na salt of N-hydroxyphthalimide (0.6 g) was filtered, the filtrate
was diluted with a large volume of +-Pr.O and more Na salt (0.25
g) was removed. The filtrate was concentrated giving 1.5 g of
crude XIV, as an oil. This material slowly recrystallized and
was then sublimed in vacuo and recrystallized from #-Pr,0, to
give 0.7 g of XIV, mp 98-101°. The compound shows a typical
lactam absorption in the ir at 5.92 u.  Anal. (CeHyNOs) C, H, N.

Acknowledgment.—We are indebted to Dr. Timothy
Jen for the synthesis of N-phthaloylmuscimol, to Dr.
Herbert Winicov for the muscimol, and to Mr. Edward
Macko and Dr. Richard MecLean for the biological
test results.
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The potential usefulness of inhibitors of norepineph-
rine biosynthesis at the level of tyrosine hydroxylase
is widely recognized. Inhibitors of phenylalanine
hydroxylase offer a potential model for phenylketonuria.

1,2,3,4-Tetrahydronaphthyl-1-glycine hydrochloride
(3) was prepared by standard reactions as described in
the Experimental Section. 3-Nitro-4-aminophenylala~
nine (6) was prepared by standard reactions from p-
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nitrophenylalanine. Benzimidazole-5(6)-alanine dihy-
drochloride (7) was prepared by reduction of 6 and
cyclization of the resulting o-phenylenediamine by the
Phillips method.? The unstable intermediate o-phe-
nylenediamine analog was not isolated. 3,4-Ethylene-
dioxyphenylalanine hydrochloride was obtained by
the hydrogenation of the oxime formed from the reaction
of isopropyl nitrite with the condensation product of
3,4-ethylenedioxybenzyl chloride and sodium diethyl
malonate,

Biological Activity.—Bovine tyrosine hydroxylase was
prepared and purified by slightly modifying pre-
viously described methods.®¢ Tyrosine hydroxylase
inhibition was determined® using a concentration of
5 X 1078 M L-tyrosine (see Table I).

TasrLe 1
Prr Cext InmiBiT10N OF TyYROSINE HYDROXYLASE®
Compd 103 M 107« M 10-8 M
3 320 4
6 29 8
7 97 22
12 15 6

@ All values are the average of triplicate runs; iodotyrosine was
run as a standard in each run and consistently yielded inhibition
of approximately 509 at 1075 M and 109, at5 X 1077 M.

Rat liver phenylalanine hydroxylase was prepared
by the method of Kaufman® through the first (NH,),-
SO, step and stored frozen in 200-ul fractions. Phe-
nylalanine hydroxylase inhibition was carried out as
described by Guroff and Abramowitz,” the tyrosine
produced being measured spectrophotofluorometri-
cally.? A K, of 21 X 10~ M for r-phenylalanine
was obtained by a Lineweaver-Burke® plot of this
enzyme preparation.

Compounds 3, 6, and 12 were tested at concentrations
up to 2 X 1072 M in a system containing 2 X 10—¢ M/
L-phenylalanine and no inhibition was noted. The
K; of 7 determined by the method of Lineweaver and
Burke, was found to be 2.1 X 10~* M and appeared
competitive,

Experimental Section

1,2,3,4-Tetrahydronaphthyl-1-malonic acid (1) was obtained by
hydrolysis of ethyl 1,2,34-tetrahydronaphthyl-1-malonate;!!

(2) M. A. Phillips, J. Chem, Soc., 2393 (1928).

(3) T. Nagatsu, M, Levitt, and 8, Udenfriend, J. Biol. Chem., 289, 2910
(1964).

(4} M. Ikeda, L. A, Fabien, and 8. Udenfriend, skid., 241, 4452 (1066).

(5) 8. Udenfriend, P. Zoltzman-Nirenherg, and T. Nagatsu, Biochem.
DPharmacol., 14, 837 (1965).

(6) S. Kaufman, Methods Enzymol., §, 809 (1962).

(7) G. Guroff and A, Abramowitz, Anal. Biochem., 19, 548 (1967).

(8) T.D. Waalkes and 8. Udenfriend, J, Lab. Clin. Med., 80, 733 (1957).

(8) J. L. Webb, "Enzyme and Metabolic Inhibitors,” Vol. 1, Academic
Press, New York, 1963, p 150.

(10) The melting points, all uncorrected, were determined on a Thomas-
Hoover melting point apparatus. Ir spectra were obtained on a Perkin-
Elmer Infracord, Model 137 and uv specira on a Beckman DB spectro-
photometer. Where analyses are indicated only by symbols of elements,
analytical results obtained for those elements were within 0.4% of the theo-
retical values.

(11) Synthesized as described by M. Protiva, J. Jilek, F. Vejdelek, and P,
Finglova, Chem. Listy, 47, 584 (1953).
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reerystallized  from PhlMe, mp 1833-135°. Anel. (CulliO4
C, H.

«-0ximino-1,2,3,4-tetrahydronaphthyl-1-acetic acid (2) wus
obtained from the reaction of 1 (14.04 g, 0.060 inol) with /-PrONO
in the presence of dry HCL2  The oil obtained was ¢ra=t from
PhMe to yield 9.0 g (68C¢), mp 152-154°,

N,V '-Diacetyl-4-aminophenylalanine (4).--.\-Acetvi-t-amino-
phenylalanine®® (5.2 g, 0.027 mol) was dissolved in warm H.O
and 4.5 ml (0.048 mol) of Ae0O was added. After standing m
room temp for 3 hr, the mixtire was refrigerated for 48 hr.  The
resilting solid was washed with H,O aud dried to vield 4.4 ¢
(704, recryst from abs EtOH, mp 219-220° dit.**np 210-211° 4.
Anal. (CisHsNLOy) C, H, N.

3-Nitro-N,N ‘-diacetyl-4-aminophenylalanine (5).—Componnd
4 (1.0 g, 0.0038 mol) was added in small portions to 3ml of coned
11,804 4t room temp. The resulting soln was cooled in an iece
bath and 1.0 ml of coned HNO; was added dropwise, stirring over
aperiod of 5 to 10 min.  The reaction mixture was stirred m
ice bath temp for a further 15 min and powred slowly, with =iir-
ring, into ice-water.  The soln was extracted continnansty with
CHCL overnight,  Afrer drving (NSO, the CHCL was ve-
moved under reduced pressure uand the residue recryst from
EtOAe 10 produce 0.82 g (70975 of 5, mp 190-192°.  _{nal.
(CuHiN:Os) C, H, N

3-Nitro-4-aminophenylalanine (6).-—Compound 5 (2.5 g.
0.008 mol) was hydrolyzed by refluxing with 50 ml of 209 viv
HCHor 1 hr. The bright red =oln was cooled 1o room temp, ud-
insted to pH 7 with NHOH, and refrigerated. The resulting ppt
wits reeryst from TEO 10 vield 1.5 ¢ (83¢7 1 of 6, mp 2385° dec.
Andd (CoHEN;04-05H07 C, H, N,

Benzimidazole-5(6)-alanine Dihydrochloride (7).—A =oln of
2.25 g (0.01 mol) of 6 in 100 ml of 4 ¥ HCI was hydrogenated a1
3.2 kg/em? over 50 Pd—-C. The reaction mixtiwe was filtered
into a flask containing 3.0 ml of 97-100¢, formic acid nnder N..
The contents were refluxed for 1 hr under Ny and evaporated to
dryness under reduced pressure to yield 2.37 g (864 ) of ernde 7.
This was recryst by dissolving in a minimim of hot 4 N HCI, add-
ing 2-4 vol of ltOH, and then Et,O dropwise until just elondy,
mp 2650 de(‘. ;lnal. (Clolllzclzxa()z‘l{-z()) C, }I, N

3,4-Ethylenedioxybenzy! Chloride (8).-—-HCI] gax wa~ bubbled
o a mixtnre of benzodioxane! (74 g, 0.54 mol) and ZnCl: (74 g,
0.54 mol) in 200 ml of coned HCI for 15 min while the temp wax
maintained at 10-15°. To thix mixture, 100 ml of agq CH,0O
(354047 ) was added dropwise with stirring at 10-15°.  After the
addition, 1he reaction was =tirred for 2 hr at 15-20°. The organic
phase was taken up in CsHs washed =everal times with H,0,
dried (NagR0y), aud evaporated under reduced pressure. The
residue was distilled to yield 43 g (43770) of 8, bp 114° (0.55 mm}.
Thix componud <lowly decomposed on standing giving off HCI
and muxt, therefore, be i=ed within 24 hr.

Ethy! 3,4-Ethylenedioxybenzylmalonate (91.---XNa (5.3 g,
1.23 g-ntom) was dissolved i1 dry EtOH (200 ml), protected from
atmospheric moisture.  To thix =oln was added diethyl malonate
(%0.0 g, 0.5 mol), followed by 8 (43.0, 0.23 mol}, dropwise, with
stirring.  The reaction was ihen refiuxed until neutral to litmns
(approx 3 hr).  EtOH was then removed by distn.  The residue
was trented with Ha0), the ester separnted, and the aq phase ex-
tracted twice with 0. The exter and ether phases were com-
bined, washed (1.0, dried {Na,SOy), and the Et,O was removed
then nnder reduced pressure. Fractionation of the vesulting «dl
vielded 56 g (79¢,1 of 9, bp 165 -170° (0.5 nm) which was
characierised as the corresponding acid.

3,4-Ethylenedioxybenzylmalonic Acid (10).--Compound 9
(Tt g, 0.23 mal) was hydrolyvzed by refluxing in agq KOTI, vielding
303 ¢ (8747 ) of 10, mp EA25135°% Anad. (CetuOg) C, 1.

«-Oximino-3-(3,4-ethylenedioxypheny! propionic acid (11) was
prepared by the same procedure n1=7; vield 7197, mp 149-150.5°.
Anal (CHHLCINOD C, H, N

3.4-Ethylenedioxyphenylalanine - HC| (12) was prepared by
the same procedire as 3; vield 72¢, mp 208° dec. Anal. (Ci-
HuLCINOy) G, H, N,

+12) Oscar Touster, Ory. Rewct.. T, 353 11953).

1131 Synthesized Ly the procednee of P Bloek, Ay /. Qe Cheee., 21, 1247
[SHBIHN

i1 Prepared Ly uoddication of yaelliod of . N. Gosly, J, Cheow. Soe.,
107, 1588 (1015).
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Synthesis and Strueture~Activity
Relationships of 1-Alkoxyalkyl- and

I-Arvloxyalkyl-1,4-benzodiazepin-2-ones
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The hterature deseribes only one exanmple of a 1,4-
benzodinzepin-2-one, 1-substituted by groups with an
ether funetion! (compound I of our =eries) and its
pharmacological properties are not deseribed.  We huve
prepared 11 compoundx of this tyvpe, listed in Table I,
which were sereened for sedative, musele relaxant, and
anticonvulsant effects I mice; the LDs was also
determined (Table I1.

Alkvlation of 7-chloro-1,3-dihvdro-3-phenyl-2H-1,4-
benzodiazepi-2-one? with NaOCH; and various alkoxy
or arvloxyalkyl bromides (ehloro dertvatives  are
unreactive) gave l-substituted benzodiazepin-2-ones.
An exception wiz VI which was obtained by reduction
of the nitro group in VIII. The structure of thesc
compounds was confirmed by ir spectra and neid hy-
drolysi=, to give the eorresponding N-substituted
Z-amino-benzophenones in good vield (two examples are
given in the experimental =ection).  We found it to be
an excellent method for the preparation of N-ulkyl
dertvatives of 2-aminobenzophenones stead of the
method of =ulfonamide nlkylation.®

Structure-Activity Relationship.—The replicement
of the Me group i diazepam by alkoxyalkyl nryloxy-
alkyl, arylmercaptoalkyl group. and its sulfone changes
only quantitatively the diazepam activities, producing
m general a lower activity,  Of the alkoxy dertvatives,
the butoxy compound 11 is the most aetive; the phenyl
ethers have lower aetivity, speelally in their anticon-
vulsaat effect.  The presence of an electron-releasing
substituent in the benzene ring produces i high aetivity
compared with those that have no substituent or have
an eleetron withdrawing group.  The thioether and its
sulfone have an aetivity intermediate between the
alipbatie and aromatic ether; g-naphthoxyethyl dertva-
tive XI eombihes o minor muscle relaxant effeet with
it= anxiolytie effeef. T general the netivity hias oo
relation with the weight of the substituent. Al
compounds <how low aeute toxicity ecompared with
dinzepn,

Pharmacological Methods

We have used adult Rockland's male mice (20-25 ).
The drugs assaved were suspended in 29, carboxymethyl
cellulose and given all by oral route (gastric sound).
In the determinations of the lethal effect, the drngs
were dissolved in DMA und injected 1p (4.0 ml/kg): 8

(1) Hoffmann-la Roctie. Netoertands Patent. 6,510.339; Chem. Abate.,
66, T32 (19686).

2y L., Sreenbacte and 5, Reedee, J. Ury. Chepe.. 26, 4036 (1061).

3 =0 Ol el S0 sotkowski, O Goeleaan, and 8. L Clildress, ibid.,
27, 502 (1452).



